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Tablel. sequence of primers used in Real time PCR test.

Gene Forward primer sequence (5'- 3") Reverse primer sequence (5" - 3") Reference
LOX1 AAGGTTTGCCTGTCCCAAGA TGAGTACTGGATTAACTCCAGCCAA (Puetal,
PR1 CGGGACAGACTCACCTCAAG GGCTTCTCATCCACCCACAA ?I(—');r‘:rj)hani et
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PAL1 ATGGAGGCAACTTCCAAGGA CCATGGCAATCTCAGCACCT (Zggé/) etal.,
CMV-CP CCACACGGTAGAATCAATTTC GGTCTTATTACGGTAAAGGTTG ?\(/)\lze?)et al.,
CMV- TGTCTCACCTGACTCTGCTGCT  ATTCCACTCGAAGGCCCTCTCC ?\(/)\}ezi)et al.,
RDRP 2012)
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Figure 1. Systemic symptoms of cucumber mosaic virus on Cucurbita pepo leaves Respectively A: Control
plant inoculated with only 50 pg/uL of purified CMV without SNP treatment (positive control sample), B:
Inoculated plant inoculated with 50 pg/ul of purified CMV and 100 pg/ml SNP treatment after inoculation of
virus C: Plant inoculated with 50 pg/ul of purified CMV and 200 pg/ml treatment SNP after virus inoculation,
D: Plant inoculated with 50 pg/pl of purified CMV and 300 pg/ml SNP treatment after virus inoculation. Viral
symptoms are shown on the figures (symptoms with increasing SNP concentration are more limited in figures B
and C and not visible in figure D)
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Table 2. Average percentage of disease severity in Cucurbita pepo leaves in different treatments.

Treatment Disease severity (%)
Control (distilled water) 0
CMV (50 pg/pL) 56/96+5.12
CMV (50 pg/uL) and SNP (100 pg/ml) 16/32+1.25
CMV (50 pg/uL) and SNP (200 pg/ml) 14/21+1.63
CMV (50 pg/uL) and SNP (300 pg/ml) 11/32+1.14
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Table 3. Comparison of the average effect of SNP treatment in the first, second and third week after noculation
on CMV coat protein gene expression.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 2.48908 1.24454 41.07962 0.00000
Concentration (mg/ml) 3 114.07223 38.02408 1255.09296 0.00000
Interaction 6 10.35713 1.72619 56.97774 0.00000
Residuals 24 0.72710 0.03030
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Table 4. Comparison of the average effect of SNP treatment in the first, second and third week after inoculation
on CMV replicase gene expression.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 0.94351 0.47175 15.75006 0.00004
Concentration (mg/ml) 3 128.91688 42.97229 1434.68427 0.00000
Interaction 6 8.06603 1.34434 44.88242 0.00000

Residuals 24 0.71886 0.02995
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Figure 2. Comparison chart of the average effect of SNP treatment in the first, second and third week after
inoculation on CMV coat protein (CP) (A) and replicase (RDRP) (B) genes expression.
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Table 6. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on the expression of Prl gene transcripts.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 20.99712 10.49856 304.03702 0.00000
Concentration (mg/ml) 3 114.43924 38.14641 1104.71541 0.00000
Interaction 6 2.13955 0.35659 10.32685 0.00001

Residuals 24 0.82873 0.03453
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Table 7. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on the expression of Pr3 gene transcripts.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 9.30765 4.65383 123.56624 0.00000
Concentration (mg/ml) 3 119.26747 39.75582 1055.57821 0.00000
Interaction 6 0.20213 0.03369 0.89448 0.51467
Residuals 24 0.90390 0.03766

PR1 Fold change
PR3 Fold change

A g
3 A A
Q L

Time
Time

-05 slecbgy, ole 5, CMV @ ooyl (5505 slaass G5ale 5| g poms 5 9o ool saiie 10 SNP jlas 156 .Sleo Jloges =¥ Sl
.B)Pr3 ; (A)Prl sl»
Figure 6. The chart of the average effect of SNP treatment in the first, second and third week after inoculation

of Cucurbita pepo plants infected with CMV on the expression of Prl (A) and Pr3 (B) gene transcripts.
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Table 7. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on lipoxygenase (LOX1) enzyme activity.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 45.22375 22.61188 702.48495 0.00000
Concentration (mg/ml) 3 67.10840 22.36947 694.95406 0.00000
Interaction 6 4.89340 0.81557 25.33725 0.00000
Residuals 24 0.77252 0.03219
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Table 8. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on guaiacol peroxidases (GPX) enzyme activity.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 31.9916 15.99581 20.64738 0.00001
Concentration (mg/ml) 3 846.1002 282.03340 364.04847 0.00000
Interaction 6 10.5335 1.75559 2.26611 0.07116
Residuals 24 18.5931 0.77471
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Table 9. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on phenylalanine ammonia-lyase (PAL) enzyme activity.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 14.69113 7.34556 213.22202 0.00000
Concentration (mg/ml) 3 82.77342 27.59114 800.89682 0.00000
Interaction 6 0.56727 0.09454 2.74438 0.03561

Residuals 24 0.82681 0.03445
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Figure 7. Comparison chart of the effect of SNP treatment in the first, second and third week after inoculation
of Cucurbita pepo plants infected with CMV on lipoxygenase (LOX1) (A), guaiacol peroxidases (GPX) (B) and
phenylalanine ammonia-lyase (PAL) (C) enzymes activity.
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Table 10. Comparison of the average effect of SNP treatment in the first, second and third week after
inoculation of Cucurbita pepo plants infected with CMV on chlorophyll a content.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 2.00056 1.00028 13.38662 0.00012
Concentration (mg/ml) 3 23.99861 7.99954 107.057 0.00000
Interaction 6 1.35722 0.22620 3.02726 0.02388

Residuals 24 1.79333 0.07472
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Table 11. Comparison of the average effect of SNP treatment in the first, second and third week after
inoculation of Cucurbita pepo plants infected with CMV on chlorophyll b content.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 3.45722 1.72861 32.41146 0.00000
Concentration (mg/ml) 3 16.22667 5.40889 101.41667 0.00000
Interaction 6 2.33167 0.38861 7.28646 0.00016
Residuals 24 1.28000 0.05333
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Figure 9. Comparison chart of chlorophyll a (A) and b (B) content of SNP treatment in the first, second and
third week after inoculation of Cucurbita pepo plants infected with CMV.
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Table 12. Comparison of the average effect of SNP treatment in the first, second and third week after
inoculation of Cucurbita pepo plants infected with CMV on proline content.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 2.80222 1.40111 44.63717 0.00000
Concentration (mg/ml) 3 26.13556 8.71185 277.54572 0.00000
Interaction 6 1.21778 0.20296 6.46608 0.00037

Residuals 24 0.75333 0.03139




b Slige g 4 009l (6908 10 (Suelen b slagwly 5 (2l slarys 5l (B p Ol 2 wlog pg et e (owyp NFF

P

ey Slgme 69, CMV @ osgll (6905 slaasgs Sitbe 5l s po 5 peo (gl (sazan jo SNP [l 56 avslie Jloges —F s
Figure 6. Comparison chart of the effect of SNP treatment in the first, second and third week after inoculation
of Cucurbita pepo plants infected with CMV on proline content.
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Table 13. The average effect of SNP treatment in the first, second and third week after inoculation of Cucurbita
pepo plants infected with CMV on the accumulation of soluble carbohydrates.

Parameters Df Sum.Sq Mean.Sq F.value P
Time 2 63.72222 31.86111 30.4244 0.00000
Concentration (mg/ml) 3 327.81889 109.27296 104.34553 0.00000
Interaction 6 9.61111 1.60185 1.52962 0.21121
Residuals 24 25.13333 1.04722
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Figure 7. Comparison chart of the effect of SNP treatment in the first, second and third week after inoculation
of Cucurbita pepo plants infected with CMV on the accumulation of soluble carbohydrates.
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Sodium nitroprusside treatment affects the expression of some defense genes and
physiological parameters in Cucurbita pepo infected with cucumber mosaic virus
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Abstract

Introduction: Cucumber mosaic virus is a dominant disease in cucumber and many other crops,
which causes a lot of damage worldwide and in Iran. In recent years, the use of defense inducers has
received much attention.

Methods: In the present study, we tried to investigate the defensive effects of sodium nitroprusside as
a biological stimulus on Cucurbita pepo which is considered susceptible to Cucumber mosaic virus.
The plants were incubated at the full two-leaf stage by CMV with a concentration of 50
micrograms/ml. After 48 hours, CMV-infected plants were sprayed with SNP in three concentrations
of 100, 200 and 300 micrograms/ml. Finally, the level of expression of coat proteins and virus
replicase genes, the expression pattern of PAL, GPX1, LOX1, Prl and Pr3 genes as well as some
morpho-physiological characteristics of Cucurbita plants were evaluated in three repetitions during
three weeks.

Results and discussion: The results showed that the plants treated with SNP showed an increase in
the expression of the studied genes after the infection by CMV. So that, the treated plants showed an
increase in the genes expression pattern depending on the concentration of SNP till the third week
compared to the control plants. In addition, several physiological characteristics were also improved.
In conclusion, the use of SNP can be considered as an effective methodology in the induction of
systemic resistance in Cucurbita pepo plants against CMV.

Keywords: Defense genes inducers, Resistance, Physiological characteristics.
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