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3 oL 5 Giieude (Mehl and Epstein 2007) cowl sadoslaiw! cladss o  Usw pg,/549
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5 RAPD sl Silis S5 L ) o] (S35 55 s 5 (bolid 552, Oluly> 5 ot
odyl b Silel ol S L Sea 5 pl> .(Alymanesh et al. 2007) ws,S ., » RFLP
Sl @l jsas GligaS o (s o, [is8 90 9 SO slooly olulils o (glulaz I )18
55 P ey 3l VoY Jle yo oS g )l pl p ogle .(Juber and Hussein 2014) wss S
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(Nagao et al. 1994) ol polie pl8 )| &y ulus
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o3, S «(Cucurbita maxima) Jub 5905 o8, aw Jols oLSgaS 3l fliee b 4y |y s
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Ol 5 glem Dol ¢ g, T clidS 5l e g W05zl (Cucumis sativus) L o3,
(Nagao et al. 1994) w5 5 oxs SO ,0 lp ' g low adli g 0l (5 puSo;lul

s3bign 15 oy @ pslie HlalS ass e wol)S (slats, 3l (S S ige 3l oslic
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-Y) Jso=> (Dahleen et al. 2001) .ol co (iol33l (o0l oylime 4 )3 Lo o> b 25 4 s

Wb oo aliBee sl )T Lo 4 Cwglie jo oyl (s e 1 PRI o pus5g 5 PR aes L jo ()
6‘)‘0 3 ool ual,a.‘zél dg> A PR oo|95L$ LSL%;-;-Ujﬁ, ﬁL..o QL».A 4O |) Ql}ﬁ.a iy yaSg Q—.’.‘
PR 5l 05,5 fpwosd edigd oo aislis PR2 i i a5 bajLlSslS by conl 2,8 0 ol il
Gl gy gé b s SRS S b olS 4 T Lo ale 5 dey a5 wilie aesn
o8 3l el oglle S g0 Joe St 0251 b (05 g0ty Ugama 5 035 o Wl oS 50
ol @ @laie latig il o PRO (lantig p wigd oo (2,8 Cullad gilo o5 ol
4 Thaumatococcus daniellii LS s p L g izl o g calis Lo 4 oolgils

(Linthorst et al. 1991) siiue Bgym0 o2 pilel acls slo iy

oslgils [PRNE o ,Shes

Pr-1 Pr-1a, pr-1 b, and pr-1 ¢ Antifungal

Pr-2 B-1,3-Glucanases Cleaves p-1,3-glucans

Pr-3 Chitinase types I, I, IV, V,VI, and VII Endochitinase

Pr-4 Chitinase types I and |1 Antifungal and chitinase

Pr-5 Thaumatin-like proteins Antifungal

Pr-6 inhibitor | Tomato proteinase Proteinase inhibitor

Pr-7 Tomato endoproteinase P Endoproteinase

Pr-8 Cucumber chitinase Chitinase 111

Pr-9 Tobacco lignin-forming peroxidase Peroxidase

Pr-10 Parsley “PR-1"Bet v 1,Mal d 1,Api g l,and  Ribonuclease-like
Daucl

Pr-11 Tobacco chitinase type V Chitinase
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Pr-12 Radish Rs-AFP3 Defensin

Pr-13 Avrabidopsis THI2.1 Thionin

Pr-14 Lipid transfer proteins Shuttling of phospholipids and fatty
acids

Pr-15 Barley oxoa Oxalate oxidase

Pr-16 Barley oxolp Oxalate-like oxidase

Pr-17 Tobacco prp27 Unknown
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Slp G35 (20 LS oS 5 So g 009 b (slhs s DS 5 K00 5 Sebedle o]
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(Gaffney et al. 1993; Delaney et al. 1994)

(SA) sl Solandlus £-Y
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S sl Sl il 18 alisie sl S Lo o2l @ el o (LARY) (ordge oLuS]
o594 olS oluiST potucn by sl 01 5 Jolo Sley JiSms e g Sl (LS (5090
B ply o plpear sl Seledl AR Lo el 65,8 By la S Lo ale
adgl wlagss (Malamy et al. 1990) coul sadamlis ond) o i b agzlge jo LS Jolo
L s e clogys ole a5 ol aseine YA) Jlo )0 o 030, SLS1 SLs oLS (o 1) adl oyl
Solewdlo jlag 1 j0 wiog ool (6 Fo3ll oS ded (g, b aS  oluiST Sainw Cooglin
A, oS mdal pl a5 Cl oad jastine 09,6l (Ward et al. 1991) Wl o iolidl ol

Gutjahr and ) wS o 3L 1) ol il Bgpgn o, len b oS iSaeyp 0 LS
.(Paszkowski 2009

Olgredr Tlowy 555 41 90y a5 355 00 it HLS 53 lizme yes 59 Gk 51 sl Skl
Sl S (Ko o Sl Silis gy S o 53 w5 ke 3 oalol PAL 3l5 15 eslly g
5 085 sl i ot Wl SHlesS b Slgrn sakawlsas 1) (Phe) (Ul b s Slows y55
aals 23STs S b 5l 1 ol s PAL 457 S oo o dul Sledles 4y 005,08
e 93aly] 50 08 o bows NH3 g (t-CA) swl Sl — il 5 a0 gulannST 18 008
J58 g0 a8 jsbilen aiS copiie | gsie sl Ths b plamsil a5 o)l sezs pal 3 ez
ortho-coumaric L t-CA ;| wlgs o oLS (64365 a4 dins ol Sl 0iS’ o omline Y=Y
Gl e i o T-CA 9 adss (A€ 5 1b e) (BA) ol Sidozu b (1a ) acid
03T il gt 4 yuns dw Gk 5l el o a5 clll g SUed SLLS 5y
3 510 i e (o9 ((1C-1 o) CINNAMOYI-CORA -y gaolicnST Ly yae (5l 2095 o
Olallas (1D yewo) BA & t-CA 3l sslonS] 8 o (puogus 5 (1C-2 ois) Cinnamoyl-coa
Salige wapmg ar 00gll 5L 0958« uajmm (o, LSBT jo al Slwdlis a5 ools jlis
(Ribnicky et al. 1998; Jarvis et al. 2000) sg% oo @izl 1C-1 o L [L> 5 (TMV) S
L Agrobacterum tumefaciens b oo 09l 51y (K5,84>65 10 dusl Sldls a5 JU> 50
S HUETL 1 590 cpl aiS g0 BT Gurm gl T sails (sanwgs jo 1) BA @ apaallypn o
(BA2H) 5UensSs jou -Y-opwh Sg 5 codlad L a8 BA Sosles, sails ot alenSy jaun oS
Sy o BAZH cdld oSLs 0 09d e dl Selewcle 605 S5 4 wgd oo 3 JGLS

' localized acquired resistance
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85 sg8ign W s pemannSly b BA L jlos b UV (ppes 0 (55,5 15 TMV | Sogll
.(Zhao, et al. 2017) ol PA50 L3S sige 3 oS o Laseiie )] 532 6sloalls

L oS alye 55 55 SloySsnl Gb §l Wl By Jl gan 5 ez Slowy 5
Sekedlss a5 5300 5065 (IPL) L) Sy Slons ,5555) 5 (ICS) Liies Slon 6555
gl o 1) ot A 95 o0 gl Dlonn ;5T 93l e b oS il Selindlos 058 o
Oz 5 5 Lo sale> ade Nicotiana benthamiana 3 55,8445 « pmsgowly] ylals
.(Ogawa et al. 2005; An and Mou 2011) s,ls UV 4 5l b L

Shikimate pathway
L-Phenylalanine l
+—— Prephenic acid +—— Chorismate
(Phe)
PALl
trans-Cinnamic acid ICs
(t-CA)

1a
Isochorismic acid
(IC)

Cinnamoyl-CoA  Benzaldehyde O-Coumaric

acid
IPL?
1c-1 1c-2 J
v BA2H v GH35
Benzoyl-CoA+— Benzoic acid — Salicylic acid =——————== SA-aa conjugates
(BA) (SA)

SAMT
SABP2Z/MES

MeSA .—* MeSAG

(Vlotet al. 2009) HoLS ;s sl Kbl figy ¥-Y S5

J&w Q‘)La;'.ﬂ
PAL, phenylalanine ammonia lyase; BA2H, benzoic acid-2-hydroxylase;
ICS,isochorismatesynthase; IPL, isochorismate pyruvate lyase; GH3.5, acyl-
adenylate/thioester-formingenzyme; SAGT, SA glucosyltransferase; SAMT, SA
methyltransferase; SABP2, SA-binding protein 2; MES,methyl esterase; SAG, SAO-f-
glucoside; SGE, salicyloyl glucose ester; mesa, methyl salicylate; mesag,methyl

salicylate O-p-glucoside.
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Abstract

Fusarium solani f. Sp.cucurbitae is the causal agent of root, crown and fruit rot of
Cucurbitaceae and was considered as an economic problem for growers in recent years.
In this study, we aimed to isolate and identification of Fusarium solani f. Sp.
Cucurbitae causes root, crown and fruit rot of Cucurbitaceae and study of the molecular
and enzymatic response of susceptible (Negin) and resistance (Khasib) cultivars of
cucumber to this pathogen. Result revealed that F. Solani f. Sp.cucurbitae is dominant
species and race 1 is the dominant race in studied region. Analysis of gene expression
data revealed that level of pr-1 expression in control plants of resistance cultivar is more
than that of susceptible cultivar (123.5, 4.11 and seven times higher at 3, 7 and 10 dpi
days respectively), whereas Phenylalanine ammonia-lyase (pal) gene was more up-
regulated in susceptible cultivar than resistance cultivar (1.19, 64.15 and 1.14 times
higher at 3, 7 and 10 dpi respectively). Ten days after inoculation of fungi, prl and pal
were upregulated compared to control plants in Khasib cultivar (1.5 and 12.28 times
higher for pal and prl, respectively). Pretreatment of plants by salicylic acid causes
increase in the level of pal and prl transcripts as compared to inoculated plant by fungi,
so that in Khasib cultivar up-regulated dramatically three days after inoculation (22.12
times higher for prl and 53.66 times higher for pal) and in Negin cultivar they were up-
regulated dramatically ten days after inoculation (53.5 times higher for prl and 173
times higher for pal). It is demonstrated that catalase activity was increased in Khasib
and Negin, three and seven days after fungi inoculation (4.05 and four times higher in
Khasin and 2.33 and 1.9 times higher in Negin as compared to control plants). The
salicylic acid treatment causes increase in enzyme activity in Khasib cultivar especially
at 3 dpi day (2.85 times higher than control plants) and phosphite potassium (20 mm)
treatment increased catalase activity in Negin cultivar especially at 3 dpi (3.4 times
higher than control plants). The activity of pal enzyme had no significant changes in
Negin cultivar after treatments and inoculation of fungi, whereas it was activated
significantly after some of treatments and inoculation of fungi only at 7 dpi especially
with pretreatment of the plant by salicylic acid (2.49 times higher than control plants).
Results revealed that salicylic acid (2 mm) and phosphite potassium (20 mm and 36
mm) increase defense genes expression and activity of the related enzyme to biotic
stresses and subsequently increase resistance to F. Solani f. Sp. Cucurbitae.

Keywords: Cucumis sativus, Salicylic acid, phosphite potassium, gene expression,
enzyme activity
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