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Abstract

Persian lilac (Melia azedarach; Family: Meliaceae) and fig (Ficus carica; Family Moraceae) are important medicinal plants native to Iran.
In this study, the antiviral effect of the crude ethanolic and aquatic extracts of the persian lilac and fig plants in decreasing disease severity
caused by Cucumber mosaic virus (CMV) in cucumber plants was assessed using with the double antibody sandwich ELISA (DAS-
ELISA) and semi quantitative-RT-PCR (Sg-RT-PCR). In addition, the transcription level of PR-1 gene and specific activity of
phenylalanine ammonia- lyase (PAL) enzyme were evaluated using Sq-RT-PCR assay. ELISA results showed that the presence level of
CMV in cucumber seedlings was significantly decreased up to 15 days after their treating with the 100 ppm of ethanolic and 1000 ppm of
aquatic extracts of fig and persian lilac plants in compare to the non-treated control plants. The PR-1 expression level and PAL enzyme
specific activity were also significantly increased compared to the non-treated control infected plants in samples treated with the ethanolic
extracts of persian lilac and fig plants at the concentration of 100 ppm up to 15 days after treatments. Disease severity was also
significantly decreased in cucumber seedlings treated with the 100 ppm concentration of ethanolic extract of the persian lilac and fig
plants. Totally, results of this study indicated that the systemic acquired resistance might be activated against CMV by applying ethanolic
extracts of persian lilac and fig plant used in this study in treated cucumber seedlings through different molecular and biochemical
mechanisms.
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Table 1. Information for the codes and the characteristics for each code that used for cucumber seedling treatments.

Distinct kind and concentration (ppm) of

Dosage (ppm) of Acyclovir used for CMV-

Code crude extract Code infected samples treatment
A-1 1000 ppm of fig aquatic extract a3 100
A-2 500 ppm of fig aquatic extract b3 200
B-1 200 ppm of fig ethanolic extract z3 500
B-2 100 ppm of fig ethanolic extract cl 1000
Z-1 1000 ppm of persian lilac aquatic extract
Z-2 500 ppm of persian lilac aquatic extract
C-1 200 ppm of persian lilac ethanolic extract
C-2 100 ppm of persian lilac ethanolic extract

. CMV-infected and none treated plant
VorC (positive control)
. None treated and healthy plant
CorH (negative control)
Healthy plant treated with1000 ppm
H1l . .
of fig aquatic extract
Healthy plant treated with 500 ppm
H2 . .
of fig aquatic extract
H3 Healthy plant treated with 200 ppm
of fig ethanolic extract
Healthy plant treated with 100 ppm
H4 - -
of fig ethanolic extract
H5 Healthy plant treated with1000 ppm
of persian lilac aquatic extract
H6 Healthy plant treated with 500 ppm
of persian lilac aquatic extract
H7 Healthy plant treated with 200 ppm
of persian lilac ethanolic extract
HS Healthy plant treated with 100 ppm

of persian lilac ethanolic extract
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Figure 1. Evaluating the mean absorbance values of the ELISA wells for the cucumber seedling samples treated with each
of the alcoholic and aquatic extracts of the persian lilac and fig plants up to 15 days after CMV inoculation (characteristics
of the letters are according to the details in Table 1). Cucumber samples treated with the water used as the negative control
(C) and non-treated cucumbers infected with the virus (C*) were used beside the other studied samples. Letters on the

histograms indicated to the significance level of (P<0.05).
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Table 2. The list of primers used for assessing the mRNA transcript levels of of pathogenesis-related protein-1 (PR-1),
movement protein of CMV (CMV-MP) and 18S ribosomal RNA (18S rRNA) genes by semi quantitative RT-PCR.

Primer name Primer sequence Amplicon size (bp)  References
F: GGATGCCCATAACACAGCTC
PR-1 220 (Rakhshandehroo et al. 2009)
R: GCTAGGTTTTCGCCGTATTG
F: CATGGCTTTCCAAGGTACCAG
CMV-MP 840 (Bashir et al. 2006)
R: CTAAAGACCGTTAACCACCTGC
F: AACGGCTACCACATCCAAG
*18sr RNA 461 (Rakhshandehroo et al. 2009)

R: TCATTACTCCGATCCCGAA
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Table 3. Disease severity of CMV in cucumber seedlings. Results are for cucumber seedlings treated with each of the

alcoholic and aquatic crude extracts of the Persian lilac and fig plants up to 15 days after virus inoculation. Results are
indicated on the basis of the percent of infection (Characteristics of the letters are according to the details in Table 1).

Different Disease severity of CMV in treated cucumber seedlings
Kind of the extract concentrations in days after inoculation with CMV
of extract (ppm) 3 9 15
1000 11+£0.01°* 15+ 0.07 ** 8 £0.08 **
Fig aquatic extract — —
500 12 +0.06 ** 16 + 0.07 ** 10 £ 0.02 **
Fig ethanoli 200 16 £0.04 ** 20 £ 0.06 ** 15+ 0.05 **
'g ethanolic extract 100 10£003  12£002* 5+003°*
Persian lil . 1000 13+0.01 * 15+ 0.06 ** 9+ 0.003 **
ersian lilac aquatic extract =00 154009~ 17+002° 10+002 *
Persian lilac ethanoli tract 200 10£0.01 ** 14 £ 0.04 ** 9+£0.01*
ersian lilac ethanolic extrac
100 8 +£0.09 ** 10+£0.11 * 6 +£0.05 **
Cucumber seedling
infected with CMV, without 28 £ 0.03 ** 40+ 0.02 ** 58 +0.01 **

extract treatment
*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

B-2 A-1 oA
Fig ethanolic extract  Fig aquatic extract Acyclovir cMVv |
L (100ppm) L (1000ppm) L (1000ppm) L eone

C-2 Z1 C1
Persian lilac ethanolic Persian lilac aquatic Acyclovir

L extract (100ppm) L extract (1000ppm) L (1000ppm) L

0 0 T P 2 N

CMV-control

bouds Jlass 5 Gugns @ oogll L gloazalS 10 CMV (251> (S5 (0 slaases jpa> ooy sl SURT-PCR (5051 b ¥ JSC&
1000 ppm dale ;5 (C1) ygolSmsl (55,0 51 95T ol sl o)l b Lo 51 59, V0 il 5 &b gs Sy of a5 (sloejlac 5| S5 50
Voo JoSdge (39 s 51 L ol eolawl (V) CMV-Control aiges oylgie 4 Gl L ooy jlews 3 CMV 4 00l diges 5l g Cutte vl Oleie &
Sl (Tl a3l L5 azelS a4 byye cDNA I T jo a5 (aie Ji8 N oslial (J5SUse (139 0l olsie & (oline b o5,0) b e

% eslawl PCR

Figure 2. Results of the sg-RT-PCR for assessing the transcript levels of CMV movement protein gene in cucumber
seedlings treated with each of the alcoholic and aquatic crude extracts of the Persian lilac and fig plants, 15 days after virus
inoculations. Acyclovir medicine at the concentration of 1000 ppm was used as positive control (c1) and CMV infected
cucumber plants treated with the water was used as CMV-control sample (V). L. 100 bp DNA ladder (Fermentas, Inc) used
as ladder molecular marker. N. negative control in which cDNA from healthy cucumber seedling used for PCR.
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Fig 3. A. Mean transcript level of mRNA for the PR-1 gene, normalized to the 18SrRNA in cucumber seedlings treated
with the different concentrations of the aquatic and ethanolic extracts of fig and persian lilac plants. B. Sg-RT-PCR result on
2.5% agarose gel for assessing the transcript levels of PR-1 gene in CMV infected cucumber seedlings treated with the
1000ppm aquatic and 100ppm alcoholic crude extracts of fig and persian lilac plants in 15 days after treatments. 18s rRNA
gene used as internal control for normalizing the results. V. Plants treated with the acyclovir medicine. N. Negative control
sample in which cDNA from non-treated healthy cucumber seedling used for PCR. L: 100 bp DNA ladder (Fermentas, Inc)
used as ladder molecular marker.
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Figure 4. Evaluating the PAL specific activity in cucumber samples treated with the 500 and 1000 ppm aquatic extracts and
100 and 200 ppm alcoholic extracts of the fig and Persian lilac plants at specified 3,9 and 15 days after CMV inoculation,
(DAI). Sample Al to C2 are for CMV infected cucumber seedlings and samples H1 to H8 are belong to the healthy
cucumber seedlings that treated with the different concentrations of the crude extracts (characteristics of the letters are
according to the details in Table 1). Acyclovir antiviral plant ointment (c1) used as positive control and cucumber samples

treated with the water used as the negative control (H) and non treated cucumbers infected with the virus (V) were used
beside the other studied samples. Letters on the histograms indicated to the significance level of (P<0.05).
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