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Abstract

In order to control Fusarium oxysporum, responsible for fusarium wilt disease, in tomatoes, salicylic acid
was used as a resistance inducer. Tomato root was inoculated with pathogen suspension and sprayed with
0.1 mM salicylic acid. Leaf samples were prepared at 0, 1, 3, 5, 7 and 14 days after foliar application to
evaluate the expression of genes encoding catalase (CAT), peroxidase (POX), superoxide dismutase
(SOD) and pathogenesis related proteins (PR1 and PR10) using RT-gPCR. The results showed that the
expression of CAT and SOD genes as antioxidant enzymes and effective against negative consequences of
disease in infected plants increased sharply compared to the control and the upward trend of expression of
these genes continued until the fourteenth day after foliar application, but the POX gene increased until
the fifth day and then decreased. This indicates that the catalase gene has a more effective role in disease
resistance than peroxidase. PR genes in both healthy and diseased plants increased over 14 days in
response to salicylic acid treatment, which was greater for diseased plants than for healthy plants and
indicates the induced role of salicylic acid in Fusarium wilt resistance. Therefore, salicylic acid treatment
can be used as an ideal candidate to create resistance and prevent damage to the tomato crop.

Keywords: Antioxidant, Disease, Fusarium, Gene expression, Salicylic acid.
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CAT 5-AGCCGGTGGGAAGATTAGTT-3 NM-001247257 Vitti et al. (2015)
5 -GATGAGCACACTTTGGAGC-3’

SOD 5-AGATGAACGCAGAAGGTGCT-3 XM-004240820 Vitti et al. 2015)
5 -GCGTGTTCCCAAACGTCTAT-3

POX 5-GGACCTGATGTTCCCTTTCA-3 AY974805 Vitti et al. (2015)
5-CAAGGTCCCTCAAAACCAGA-3

Actin (ACT) 5 -GTGTTTCCTAGTATTGTTGGTCG-3" BT013524 NCBI
5 -TGATGCCAGATCTTCTCCAT-3

PR1 5 -TGCTGTGAAGATGTGGGTTGA- 3 NM-001247429.1 NCBI
5- GTTACGCCACACCACCTGAG- 3

PR10 5- GGAGATGGAGGTTGTGTTTCC- 3 KF682292.1 NCBI

5- CAGAAGGATTAGCGAGGAGGT- 3
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Fig 1. Relative expression rate for catalase gene in tomato leaves infected by Fusarium during different intervals after
treatment with 0.1 mM salicylic acid. Different letters indicate significant difference at 5% probability level.

53 W 3T eJls o 2oy (Naglaa and Heba, 2011)
53 0l ST b glacyY 55 O (p 2S5 pslie slacny
5 J(Davar, 2010) ol sl 55158 Lids Il b agelse
Oy Lo ISl 206 0l Kl olS 55, 6,03 ek
&b .(Emamgholi et al. 2015) sls 20580 1, VLIS s
DS & s 2B Les T OLS (a5l Jols
S i (VB Edld (S T 51 e g0l zin 5o als
oS agrlpe 53 OS] 5T slan 5T 05 Ol Il asals
El Khallal, ) <l i 55158 p5l5s 708 L SN e S
dowl 358 55 (Thymus vulagaris L.) &L il s (2007

sloul Ol 5 b O35St (G5l son Lai> 4 CAT &S il
Bl il s ol 4 ol 55 OF b kS oSS
ol gilenSt 25 5 5 il o OF s
el CJld Ol ol G s (Balabanova et al. 2016)
6uwﬂ Cled oy o azdls b5l K, VE 55, B YIS
S als Ol L s ISl woes T lagls ksl s olast i
try BB b 4 eslie Y s VB 05T el Ol
Peluffo et ) 5 5 I il dals b oanglie 55 ol 4w 350>
Solo OLS pslas 5 ol sy S s (@l 2010

A5 SVBS 5l cdled 4y Bl e s3m KS

\F+) ob'wqb‘s)l.@ A o)Lo.»f; /pﬁé)b 090 /‘;’»‘.w) @t’.‘ﬂ c&wj (I


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.7.4
http://gebsj.ir/article-1-422-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.7.4 ]

OLKen 5 s

S5 3 P O ek Sl e 5

S el (7 JS2) i edalie O Oly 53 (5 ed dals
sl 3 3B deSlpg 05 A s p i o3 sal
1S ol andly ol s kiasolis S len belse blie 43 Conglie
Cdled (VL Oljee sy 4 (Kas Diolen Jule 4 olS o lis
Ehsani-Moghaddam et al. 2006; ) s,ls U semss S| 5
b L Spos gbSy (Ssil s (Mandal et al. 2008
3 pomss deeST s w51 e Mycosphaerella fragariae
Aoy 395 Mo mi & Sl ey a5 3 pslae oGl 5o
YY o el sds 5,158 .(Ehsani-Moghaddam et al. 2006)
ol e S s el B L Sl Sl da cola
Kayali and ) ool ol olss 30 semss LSl g Olie
AeeS1 3 w31 Elad Olge (6 K3 asdllas s (Tarhan, 2005
onbe Ol e S Dl e pslee Glac Bl 5o U seans
oS sl el 35158 (Madadkhah et al., 2012) c.ils )53l
Sy AU S sanlr Al 5 Sl dal 5 5508
s (S par S s sl Salise s olen wdle SRalS

.(Gholi-Tolouie et al. 2018) .|

Sl b 3T 5 56 pems AenST s Sld o 3l 35
e 3l 3 SleS) 3y 5 SVBE aile HzO2 s
55 O3St T dGsly 5l 56 el il s polie o>

.(Badawi et al. 2004) Al acils wlol id Ll5 e olS

Al (Sper Sl glaw s b« o>l slaslas o
St oL sloes 51 ey slass, b PRI OS O
won 53 PRL 05 oo Oy Olppe - ol (6l sime slis
(s Ll Ay eaasler 5 B edd Al 5 Il olals
35 wa3 )l 555 00 05 Ol Olgee el s OALS s s
Oy (i (& JS2) 35 i mdls QLS Sl i il 50
Loeassler o 00 g8 b =il Jles a4 by 05 00l OL
O » Sl sl abd gl 30 1 iy 50 WWE Hlias
el b oanlie 3 odd madls QLS 3 5 s 550 03 O 0l
5555 s e OLES |y 6ol ka3 50 il 5l 65 A dalie
—old alis OalS js by slams o Slesl Sl VWY 51 i

el PR-1 o3l 5l Lol o 5o 28 51 S a5

A OleSt BT glam sl Ol Gl s Sl
6,553 anlllas 4= .(Mahmoodi Tarkhorani et al., 2019)
Bl by Jle e Sl il 5, oS Sl O
Slacir W55 55 LS S s 5 S Sliolen
Corse Oposr Gl ormes 0S5 LS 4B el
Sorahinobar et al., ) Ls o5 l555 4 p S GlaazealS sl

(2015
Wl s 53 5l 05 0o Ol 5 Shedlos dd Jlas
- e Dl o3l Glams 53 S s e S S
s Oy Ol dd odalin 230 el Sl ey slasss (b 60l
23 s el b L& KLy, als OblS s laast, 03
P T P I KW JUR B W [ PR
o sl 5SS sty (Y JS) sls Ol Shals
CS 5 0blS Sidsss sanl 5l ol > S Laea
S eslizal b &S tizes (golseal gl s ajlas] S e
LSt Tt s JT el o 51 (ol 03008 ST
Gl L 55 ISty 5T Cld )l 55 A5S e
Coga o 3 B dsl Sas (B L eds el ety aly,
Sl 5 IS s Gl Csl fos 0D 55 ool
S sy SlS 5 A e 5o SlSTy (il sl obs
s ol ke o5l 3 OAd S 5 O55des AT dhex
Ofsn Sads po e Slad sbml Ceb iamen 5 35
el sl b A syl e 4l sladse olgms 55 5450
Mohammadi ) il S by Jolo ol 5 o5 adsy slacil g5l
.(and Kazemi, 2002; Silva et al., 2004; Zacheo et al., 1995
el Sl s me Gl Cope Sadle Al 3 )08
Zhu et al, ) ol s p gl 4 o3l wlsin 55 las)

(2022

1031 Gladsyr Ols (5l3 g sl (bl s s b
05 Ol Bl ST Sl slesss B opslis B
eajﬂ OlalS s &S (g sk 4 wcals VB 03 L selie Ly,

OLlS L3 Js i olis eas)ler 555 OLL b 2l Xy,

Vo) Ll g 5leg /Y o bl /0203l 0590 [ cown j (o 9 Sl (oo



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.7.4
http://gebsj.ir/article-1-422-fa.html

[ Downloaded from gebsgj.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.7.4 ]

O 5 s L PS5 U SUIG WSOV VTSN BV | S Wor [ g PR 5

m Infected = Control
2.5

a
b
1.5 <
d
1
e
0.5
fof f ¢ f f f
o L e mm '-
0 1 3 5 7 14

Days after infection

gene

Relative Expresiion rate of peroxidase

S Vse ke /) Sl sl U Sles 5l gy s slailey (b psliss B w eall (K3 a8 LS 55 SISty 05 o Ol Olje Y IS
el 10 e o 55 13 ine Gobel Ol Kl < slize

Fig 2. Relative expression rate for peroxidase gene in tomato leaves infected by Fusarium during different intervals after
treatment with 0.1 mM salicylic acid. Different letters indicate significant difference at 5% probability level.
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Fig 3. Relative expression rate for superoxide dismutase gene in tomato leaves infected by Fusarium during different intervals
after treatment with 0.1 mM salicylic acid. Different letters indicate significant difference at 5% probability level.
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Fig 4. Relative expression rate for PR1 gene in tomato leaves infected by Fusarium during different intervals after treatment
with 0.1 mM salicylic acid. Different letters indicate significant difference at 5% probability level.
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Fig 5. Relative expression rate for PR10 gene in tomato leaves infected by Fusarium during different intervals after treatment
with 0.1 mM salicylic acid. Different letters indicate significant difference at 5% probability level.
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