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Abstract

Acquired systemic resistance (SAR) is one of the defenses that can make plants resistant to systemic viral infections. Acquired
systemic resistance is associated with a hypersensitivity response in the host, and salicylic acid is known as its signal. In this
study, the effect of plant inducers such as salicylic acid and jasmonic acid on cucumber viral disease with cucumber mosaic
virus, CMV and the expression of some defense genes were investigated. Treatments included plants treated with CMV,
salicylic acid (with a concentration of 1.5 mmol), jasmonic acid (with a concentration of 1.5 mmol), as well as salicylic acid
and jasmonic with CMV. The results of this study showed that the maximum severity of CMV-induced disease was observed
in plants treated only with CMV (68.85%). In the treatment of salicylic acid and jasmonic acid with CMV, the severity of
symptoms was significantly reduced (10.23%). Then, the effect of these treatments on the expression of four genes Peroxidase
(POX), Catalase (CAT), Superoxide Dismutase (SOD) and Phenylalanine Ammonialyase (PAL) was investigated. The results
showed that the expression of these genes in treated plants had an upward trend until the ninth day after treatment. But this
upward trend was much less observed in control plants (treated with water and virus). The highest level of gene expression in
the studied enzymes compared to the control plant was related to the catalase enzyme (401.7 times), followed by peroxidase
enzymes (266.8), superoxide dismutase (152.7) and phenylalanine ammonialyase (101.8). According to these results, salicylic
acid and jasmonic acid, increased plant resistance to CMV and reduced the symptoms of the virus in cucumber plant by
inducing plant defense mechanisms.
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Table 2 - Analysis of variance of the effect of different treatments on the severity of CMV virus disease of cucumber in greenhouse
conditions
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Fig 1. The amount of disease created after 25 days on cucumber plant (Negin cultivar) by pathogenic CMV isolate in disease severity test.
Each treatment has three replications and the treatments that have common letters are not significantly different in Duncan test (P<0.01).

Data were normal.
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Table 3 - Analysis of variance of changes in the expression of genes involved in the interaction of cucumber plant and plant hormones and

CMV pathogen
STV s 56 e s dnST 5 5ee SV Slanst w3l e
Phenylalanine Superoide Catalase Peroxidase Enzyme
ammonialyase dismutase name
qr/ryvE YVy/e®F g0/14FF YA E Sl
YV Y/AA ¥/YY +/A4 s
Y/YY A VIV 22 A TCH O

el S5 Sl ke sde s ol Sls me G0l (PO.01) ao 55 44 Jlezs| 4 e

AL S5 aSgsbilen s s pme (Gols el Slags, pled
e o 15 38 Sl b e SBIS 05 0Ly Ole
O (rl Ol Olzes 2l £ VWY (od Olis 0 0 505 03 Jole
S A3l e Sy s 53 e O L edd Siale oS
Ao Sas 03> boled dea 58 4 base o 05 Ok Olge
O e a5 55 (bjlad s 4 S5ale 51 ey o)
0 Sk oS pabse cpl 4 el AR e b gl e
S ($5l2 1 450 Sbasg plad 5o Wl oS Olse Lol oles
S50 sl Dler g Sose o g Ll oy (.JLW Jals
4l Ok Ol (S (ol aises Slagsy pled D3 oy
eled 53 VB 05 Ol Ol oy S 5 e3 g o3y ol 590
3o s d by (o 5as 5l s a) ol dses Slass)
b S 8 sdaline sse Y/ el 0L Ol @

POX |, (Peroxidase) ;4.1

S5 eS|y T 808 50, 05 Ol Ol ¥ S il
s Siasd ol o O3 &S cails YUK 05 Ol Ol e e
Slasd 1y 3laenS o 05 Ol Olpee o 2o 20 485 13 adllas
Sl ool s sl Ol sy 93 a5 S lew rT)J 3,8
JSELINS IS CYRRNGIN-| PR -3 RSP RN CE{ B V| DUC -V Ti PR POV
e AS) 3 5 b 13 Sl el 58 e Gl
P nl 3ssm 53 s 13 S el Al 58 Jlas o
05 Kl bl 25 8 e ol 4 Sley Aoy Wl
Aol Sl al rij: 5,8 GYBS) LS eus

Sl 55 V0 Jgb 5o (g cpl s axdllas 5550 OS5 O
~00558 3 esliud b sles poman 5 CMV s s L (S0

Al Dl ds s LS sla
S (POX) St L;u,wj o bae gl ol
OLLS 3 56 gemss VT b 5 50 sem 301 5 (CAT)
s (g3 sre gy bl Jlesl 1 sy Lol Hles
T L es sles) dale OWalS 55 53 gasme L) R
W3S 5 edalie 55 feS Jlew Sose a0 (e
4 o aalllan 3550 (sla 5T 555e 53 05 Olo Olge o2 2
w4 by Ghie 5l eslizal b sl S5 4le) dals olS
Slmsl 4 byp oo w ol 5l a5 (EY) VB
=Vl s 5 OV0Y/Y) 56 se 30T s (YVVA) 1S,

sl (VOV/A) UL 5al
CAT | (Catalase) ;YU o3 ol

Jsb 3 VB w5l suuS5e, 05 0Ly Olpe ¥ S5 il
Ol Lajled da 53 l3l g 555 B e(suls sl 555 0250
mged glassy pled 3wl nl 05 Oly Olpe o it 3l
Sl 5 Sl dl S 5 ks @ bge ol
elod 03 elpen Sl al Olies 5 s Solen b ol ea
2 bsled Al bl pme OVl Shils (5510 04 sas sbaj s
Sl ) mi ol gen 5 LS S olew Sl 53 05 cnl 0L Ol
55 5 el pl g s Gl O Ledd 55 ale olS) sl

VFeo limo) g 3l /T o loul /o 0590 [ S j (Sos] § Sl § (qwkien


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.7.9
http://gebsj.ir/article-1-379-fa.html

[ Downloaded from gebg.ir on 2026-01-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.7.9 ]

OLes 5 (g hnr gl

Ol (S salr Al 5 Sl sl 56wy

Gges Sbssy pled oo Wl oS Ol ol oles w0 Soles
ler om Sose o Ll og el alh 4 Sl Golb
Oljes (p S (Solon agad Slasgy plad 53 (s 550 Slos
05 Oy Ol (eSS 5 cog osls polansl 5 4 1) 0L
G 5o 5l b 4 ol wises lassy pled 5o SlST

)‘}bML&AJJ}AgY‘/OQWd@d‘ﬁh}fﬁ)})@bff

=

-3y #8305 cpl Gl fee js &S s Solew 5 S gl
e Jor Sl sl 5 Sl Al Solew 51 5
el 3 Sl 4 b e SleeST L 05 Ol Olge o i
A3 Gy omed 53 hie OF Ledd Siabe oS s 05

30 03 boles den 58w bse 08 05 Ol Oljs (%S

i S a2 S on (ol vy 4 G3abe Sl Ay dblBl) io
S ppip ol 4 oempl Al s bl e S
2(-AACT)
451/00 - o
B (aals) byt hio ol g egpg a
401/00 -
[ IR A PR |
351/00 - R T
J 30000 B g e Sl ad
]
F nzqy |
o 25100 O ogs + Sigads dl + Sl s c
% 55 <
13 201/00 -
)
7 151/00 -
101/00 -
51/00 -
5 5 5 8§
1/00 . : ,

3%

3l

55y digas clavsa,

fij: 3008 mamen 5o s 3 Sl dosl (s s 5 S el ded s Jled o DLt olS 53 VB 03 T SeS 5a, 05 Ol 8 Y IS

-wd)&b—‘ L;b\: Llodds o3l QL«JA.LLZN&J)fLAS&LAQ}:M g;)u.:.lbd)qiu)“_w_dwéu)}))a JjJﬂjJ&?L?‘”-JL‘ J.:.w\j&fwl} .,\,:,,«‘

e SOl dals dor Osa3) bl 5 (p=0.01) wsjs S ch.w 33 s

Fig 2. Expression pattern of catalase gene encoding gene in cucumber plant treated with virus, jasmonic acid and virus,
salicylic acid and virus, as well as combined use of jasmonic acid and salicylic acid and virus on different days after
inoculation with pathogen, columns with different letters Have been shown to have a significant difference at the level of one

percent (p<0.01) based on Duncan's multiple range test.
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Fig 3. Expression pattern of peroxidase gene encoding gene in cucumber plant treated with virus, jasmonic acid and virus,
salicylic acid and virus, as well as combined use of jasmonic acid and salicylic acid and virus on different days after
inoculation with pathogen, columns with different letters They are shown to have a significant difference at the level of one

percent (p<0.01) based on Duncan's multiple range test.

4ot oo > A sbososs 5 Sl 26 pls 58
ol giasle olS 55 05 ol Olo Ol ol w VOYVO ol Ol
o2 05 Ol Oy o 5eS A3ln Sy e 53 ke Of L
o (ols 4l sl 500) o 55 03 Loles den 4y bss e
ol 4 gl I s gl OVl s S L
¢L§3 2 Wl WS Ol Cel ol 4 Solew &S ¢ 3o 50
2o blhog Jldals 4 o gols wsed lags,
Wged slassy plad 3 cpwsp 2 Dl Dl G Dose
39 b Ok Ol S (o 5oy 3 8 @) ols
sy pled U3 55 05 Ol Ol (S 5 e o313 olans]
Olsee & 5 p g 50 & by o Gao 55, 31 1 4) (S5lo 0 46505

.Q;J‘JSOML:MJJ‘}A AVAR! de?’

SOD |, (Super Oxide Dismotase) ;U sons> ST, s
3B o3 denST o 3 S oy 05 Ol Olje & IS5 s a5 L
-4 g0 slajs, Jsb 4> SOD L (Super Oxide Dismotase)
Oly SRl 03 bobed o 3 s (ol L) b ols
oo ol oS5 535 m nl 53 iy S Ale els (sla0S
Aol 5 Sl ) ALS slalge) 58 5 (CMV) Sl
losloss ol 4 s ) 05l Ol Ol ol (5 pmlr
ans ol o Sl sl gda 455 5o s Ll
Aol 5 s il 1y 05 Ol Ol ol &S 35 S lew
ool 5 03 58 Solew s s 5 oo 455 53 Spanlr
O Ml sl 13 05 ) Ol Olge Aalsel ks
Slagmn oolsen (Sols sl slass, pled o 5 Sde slajles

sled 4 5L g sdenST s 05 Ol Ol (il S ok

VFeo limo) g 3l /T o loul /o 0590 [ S j (Sos] § Sl § (qwkien


https://dor.isc.ac/dor/20.1001.1.25885073.1400.10.2.7.9
http://gebsj.ir/article-1-379-fa.html

[ Downloaded from gebg.ir on 2026-01-01 ]

[ DOR: 20.1001.1.25885073.1400.10.2.7.9 ]

OLes 5 (g hnr gl

Ol (S salr Al 5 Sl sl 56wy

161/00 - a
2(-AACT)
141/00 1 B (aals) Lymd Jhie T 5 agpes
L vo | g
) oot Seisande ap I o
3 155
Rl . ]
3 101/00 - s
15 B ogpstSelewdls o Ili&
A %
el nn P
8100 ] N £
_ Sl aal s Ll o \E%
} 61/00 - ens \:ssit%
2 \wibg
N
i 41/00 - \E’ﬂ%
2 NV
N7
\w Y
) Im b \v¢t~
21/00 - A
NS
op 1 : \W“
_ pppPpP P i \Fsﬁw
1/00 ; ; — RN ;
5505 digai sl

Al 15 3,008 5 Sl sl (S gl il s s slagd S ot bS5 (SOD) 56 paystenS |y s 05 51 85505 05 Ol 55 -8 K2

pﬁdﬁ.ﬂ)b)béw | stb Llodls oals ngg_ﬂlwg_éjﬁbﬁ&uu}:m ‘Jf)L“:’bu-’)“iL‘)‘ ‘_}m{:k—ﬂ.&ﬂéuj))‘)ﬁ uwb Ml)&}wl?

JELCIW Q.Ql: Lals L Q),,)'T ol (p<0.01) a5

Fig 4. Expression pattern of superoxide dismutase (SOD) gene encoding gene in cucumber plant treated with virus, jasmonic
acid, salicylic acid and combined use of jasmonic acid and salicylic acid on different days after inoculation with pathogen,
columns marked with different letters Significant differences at the 1% level (p<0.01) are based on Duncan's multiple range

test.
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Fig 5. Expression pattern of phenylalanine ammonialyase (PAL) gene encoding gene in cucumber plant under different
treatments of walnut skin extract on different days after inoculation with the pathogen, columns marked with different letters,
with a significant difference in level one Percentages (p<0.01) are based on Duncan's multiple range test.
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