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Abstract
Objective

Defense responses against most pathogens are mainly controlled by three messenger molecules,
salicylic acid, jasmonic acid and ethylene. One of the effective ways to produce resistant plants
is to modify the genetic pathways of message transmission involved in the defense mechanism,
through the manipulation of genes encoding messenger molecules related to defense proteins. For
hemibiotrophic pathogens such as rice blast Magnaporthe oryzae, both salicylic acid and jasmonic
acid pathways are necessary for resistance.

Materials and methods

In this study, the amount of expression changes of OsWRKY45 and OsAOS2 genes involved in
the message pathways of salicylic acid and jasmonic acid using gRT-PCR method and chlorophyll
content at zero, 36 and 72 hours after infection in the seedling stage (leaf blast) ) and clustering
(neck blast) as well as traits related to resistance components including the number of spore spots,
infected stem surface and spot size seven days after inoculation with IC-25 isolate of M. oryzae

was investigated at the clustering stage. In order to validate the results, the experiment was
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repeated and the standard error value was calculated by performing statistical analysis in order to
compare the averages using the LSD method.

Results

The studied cultivars include the dynamic variety (resistant to blast) which was created using the
method of mutation induction in the Musitaram variety (sensitive to blast), which have the same
genetic background and different response to the disease. The evaluation of the resistance
components showed that in both seedling and clustering stages, the dynamic variety was tolerant
and the Musitaram variety was susceptible to the fungus. After inoculation, the chlorophyll
content decreased, and the intensity and speed of this decrease was higher in the dynamic variety
than in Musa Tarem. The results of gene expression evaluation indicated an increase in the
expression of studied genes after inoculation in both cultivars with different patterns. In general,
the increase in expression in the dynamic variety was more than the Musitaram variety, and it
continued to occur in the early hours of infection.

Conclusions

Based on the results of this research, the content of salsic acid increased immediately from 0.5 to
2 hours after infection with the fungus, but jasmonic acid increased gradually and more slowly in
the dynamically resistant variety. While in Musa Tarem variety, salicic acid content increased
after 8-12 hours and jasmonic acid increased after 2 hours. Therefore, earlier expression of
jasmonic acid can be one of the reasons for the occurrence of sensitivity.

Keywords: Jasmonic acid, Salicylic acid, Rice blast, OSWRKY45, OsAOS2

Paper Type: Research Paper.

Citation: Norouzi E, Navabpour S, Ebadi E (2023) Expression of OsSWRKY45 and OsAOS2
genes in the signaling pathways of salicylic acid and jasmonic acid in leaf and spike blast disease

of rice. Agricultural Biotechnology Journal 15 (4), 105-124.

Agricultural Biotechnology Journal 15 (4), 105-124. DOI: 10.22103/jab.2023.21017.1457
Received: August 20, 2023. Received in revised form: October 14, 2023.
Accepted: October 15, 2023. Published online: December 30, 2023.

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, & S29bS (5598 i gu Aloxo @. @
:/u/tv.’}',’,),:\./{l dl,/'/fwsih
i " TYYA—50e 1Sy 2SI UL TYYA-5Y+8 silo L i

5 ] Saband s by ol 61 pauuno 45 OSAOS2 9 OSWRKY4A5 gl 3 oyl
T digh 5 S g1 Candly (5 kot ] Sdgownl>

399 olwe!
) IS e glia g (5509l pole olSutils ( 53glgiSSgn 5 il Mol 09,8 Ayl pwli S b gol sl

ehsan.n69@gmail.com :4.bL),

092 Py e

14abbly 2l )5 ¢ 8,5 Lo o g (555LiS pole oKl ¢ 55l5iSGam 5 LS Mol 05,5 )il : Jgtun oty g
s.navabpour@yahoo.com

S gl

@allly ol (o8 5,5 Lanb mlio 5 65ysliS psle oKl «(s5oliSTan 5 Ul Mol 0g,5c (55> s gel il

d_ebadi@yahoo.com

035>

g ] Sigannly ol Sl (lujply S50 aw dlosg 4 odas o 4 b5l 18T ade (ol (slagul idad
(=13 il 3 L5 ply JUS| (S5 (sl oo el polie (LS g5 )3 oo syl 5l (S 0980 JyuS (b]
oo Slilen Jelos slp il (2185 lapuyn b badye plujply sbasge 0aiSaS slapy) gyl & )b
S35 Cuaglin (gl sl Sgonly gt Sl youno 93 ;2 Magnaporthe oryzae gy cudl Jio Sidg ise:
o

Sl Sl yplo (6o pnno j3 S5 OSAOS2 3 OSWRKYAS cla 5 o)l yuss 50 asdllas ol )3 1 gy 9 g0
3 S35 el VW9 Y8 Gan slalej j3 Judg S clgime 9 QRT-PCR g, 51 ookl b awl Sgomls g sl
B ygml a8 3luws Jolis Cnglie (slinl & bgsye Slao yimed o(NECK Dlast) asases o (leaf blast) glaxals als o

oy dy90 (smddbgs dls e 3 M. Oryzae g, 1C-25 whis b Sjake ;I e oy can aS) ojlul g ogll adlo pdaw


https://orcid.org/ 0000-0002-0936-5087

BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

4 lno glls jlade o)lel 4o plol b g Cdpdy bl b 1S5 &yg0 4 Glales] s (ot jlisl jglate 2858
5 Al LSD sy 4 b uSilie i plos] jslito

@ ples) pylb e 4l )3 (grelise sl (B9, Sl eoliiul L oS (cuwdl & polio) by an)ly Jols alllas 3,90 o)) 1 LS
aS ol s Cuoglio (slinl Sbj) 0 1) (ohlow dr Cund glite Fuoly 5 ¢l (SuBS die; (glyld a8 ol Dbl (s
Slyzee o Gimle | g 3g @B 4 polas pylbguge dily 5 Jootio gy dinly ( BOABGS 5 slaoalS Alsjo 93 o
PS5 ole b)) @bs 29 st p)lb (gwge 4 Cund by 4y ) il (pl Cspu 5 A5 &S (2Bl il by IS
bw 4ly 3 gle oRIBL I sk 4 09 Cglite oS L 055 93 0 3 (55 wle I adllas 3590 o Ol IS
g g5 (Sogll adgl Clels )3 5 i p)lb g aly 4 s

LS9l 5l el ¥ ()-8 aboldd sl Sl lgiome Loy pglie o8y 0 (3aio0 oyl ol Loluly 306 S dornls
Sedls dlgizs polls wgo pd) 3 &S o 5 el atdly Lal53l 508 g g5 dy sl Sigmmils ol assly Lilsél 205
oM ole 535 cplply cdl oliel Celo ¥ g daol Sogeumls g atdly Liolidl celw VW JIA sg0s 1 o ol
bl Gl 99 SV (S Sl oot Sgenls

OSA0S2 OSWRKYA5 (g5 oy ¢ Sl g « Sigansls ol :00519u018

gy e g9

ply sl jue > OSAOS2 s OSWRKY 4S5 clayi oyl (VF+F) Gign)hs solol cdumw yos Clgi coylus] (559,95 s lw]
AYF1-0 PN sl 4 folpiSips dlono iy 4g 9 Sy Casdly (6 owt Sl Sl g sl Sl o
Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

EVRTN
3 GhyliS Gilisee  (Slg )3 a5 Canlid Cumen | 8 3)lle dw I o slie Lol o (Oryza sativa) gy
Cesdly 35S o S s apme )3 S lent Jolss L B3 4 o] kS 5 3 ,Shas o Jo3 058 e i ol o
(De-xi et al. 2010) cul @y ;> shlow cpyw e ed o dbul M.OIYZae o )6 5l Jole dws 4 45 2,
adoy > 4 alS plul sl g (Wei et al. 2013) 595 00 o 5l slow o) 51 3 0y Wl g5 5l ao)d Yo b Y- dga

oS 3905 o 0350l s CasMly 5 s o5 sy My slinpl &y g jlons (il ol 03501 Ll £55 s 3 S o 0391
VoA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YEY (02 9 (559,90

STy . (Kazan, 2015) S’ . 5,1y (NeCK blast) asasss as o o (I€af DlaSt) clasals als o 5 1) ojlud oy i
O oaimd (L5 & 29 g0 ) ply sl gSge o)k ) (2B slagy] e 3 (63b) Sl Jlesl el ol 5 (5l o
Aoy @ by agin Seily lllae (Cheng et al. 2015) ol elis Ful o ooy ply sloJsSUge woo sl
wlallae oyl wloly ol 48,5 &g Candl 2,5 g 260 o (iS1y cudle 4 3y o ¢l RNA-Seq 1l ¢ laal)ls,
polie pB)l 1> &S gles ol bl ailiio o3k jlade 4y (Sogll adsl Jolye 0 wlas g pglie pB)1 )5 oy e (55l
S5 s > (Wang et al. 2014) wss o 485 )5 4 0k pdy sl gy bausg S 4y olS (o) ply (5l e
ey Sy b Lol cailiio (905 o 4y (Sogll loj 55 ol g plie p)] e (oosit Sl LBy o b o3l (Lt
ooy pla e > 35 (slog] > Sl ol 48 3503 ST (03,5187 3T 302 ol e plie o) 53 o) 1 B ol
Wei et al. ) ol 4l (il )b iz olise 4 WRKY sgis, sloysiSlh oaS 05 claj 5 apl slocassbio
@lolid ) s Gl 5 iy laygSh Jte plo) ply sl JsUse 5l oobj sl oad plonil wlilllas (2013
G5yl drwgs el (2185 piwmw glinl (S 0 )8 & b (TakKatsuji 2014) w)ls (ids e ol )3 45 Slodges
28 ooy ply lajpne 2ol polie (LS Wi sl baslymal S (S0 )l 3529 polie GlalS g (sl e b
S (2> (slagugp b basye o ply (slaJgSIge 011508 (glagy] jolate ol (sl 2dbise )5 (185 (21> panilSa
Js0g0 aus dlowsg 4y 0d0s 3o 4y 395 o Wl QLS )3 Lol ST ards o8 (oo Gty (Takatsuji 2014) s
S Loy Pl Sl o2 (S5 35500 ald (ET) il 5 (JA) Siigoslrdisl (SA) Selilssnl 1 Jols s, ply
o2 il ln wiles dilie o1 b wisd e w2lge o L & Sleny belo 4 255 b il (LS Ll cosl oy
Shimono et al. 2007; MUtuKu et ) scus (5y905 Cuglis (gly JA § SA pe 5 0 M. Oryzae Jio g5
Wl el a8 1658 ololis |y OSWRKYA5 asgigy 986 @ Jg30l5 950 (dn SA slion osliwl 35,k 31 .(@l. 2015
Ol g g o s@l SA Jla alwy 4 OSWRKY76 3 OSWRKY62 OSWRKY45 (sla 5 a0 ) b o Cunglio
Al 4 00 il Canglio ) 1y wll i& OSWRKY4A5 Lol loyd 5,ls (585 es) gl 55 byl e 45 ol o o3l
JIA s ealS clag il 5l S (OSAOS2)'Y jliw 1] ) (Nakayama et al. 2013) u8 . W) 1, SA
@ S les Joloe Al g 41 00 A duesl Sigously yro )3 (pote GBS 3l il iz ep Al ©yp ol
cel a1 5 0lS )3 0l5 09,0 JA e Ll ey OSAOS2 (5 ol il5sl (Mei et al. 2007) uS o ) oLS
el JA Jloxinl &8 Cnl odusy 4 opl 4 pud] Sl (Xie et al. 2011) 595 0 el o B9 o il

5956 (Yamada et al.2012) 4 a8l 21381 OSAOS2 Ly )liee alS oyl 13 398 oo 35 (b iSl codl 4y Cunglie

! Benzothiadiazole'
2 Allene Oxide Synthase"

V.4

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

GG (s99) )5S b (pusiny 1956 (nl Olo @9 (5 Oloj )3 enSan 0F Ol cage BSRDYL (i,
S odol 3929 4 (G & A) ol sgiseg > (ol Aol S e Sy 31 o ST I g o (068 ) S35 MYB ol
5 48l GRal33l H202 (lgme cole )3 5 0ud oS flaseSon ol 4o )3 03 ygigenn & MYB s 5oSome cpe
Slp b9y L WL (Takatsuji and Hayashi. 2017) 395 o cuodls slaaslin 51 glos ud b &y Canglio cvge
25 e )18 oial 3y90 GlalS ZMol ) 93 nl Sl (S5 L g (S 59 BN L olyen & ABb o (S E55 (R
ols (Wani and Anis 2008) wisb o (35 mlie puss 9l o i b S oMol Juuwilts ¢ Samobige oMol oo o 3o
Slaslio Ul (el opolio tslofl Slgo e Lil by Ly (455 diges il s & gmlige Ml 5l Jols cilige
b cwge gy ) g gmlise sl B, 5l ool L Lgy b3, (LN €t al. 2016) st JsSgo (slopusiSn oy
Sl loxe 08 iy Sluogas plo bis b o Cuslosol 3929 4 Cusdly (g lons 0 ool 9 ikl (Jy S 03 Olsis &
Mo A amd S5l 3 ool o 4y gl gy 5 Slillas oMoy dlige L 1) Casdly (g lons 42 Cuoglie 5 (U5
5 402y (i) DNA (iloaslon yr Jorde) (S5 sl Gnimte 005 30 Js¥ge slapudllo o 3505 (33
b ol 5l Jolw G T Sis5 o3l (Mohammadabadi 2020; Safaei et al. 2022) s (o 5 walsts 0556 >
b g 5 0ad ole o3l ) oS ol b alasd y 53 5 2 i ol lojen jsbo 4 den ol g ol 0ad S5
derg0 4 ase (Arabpour et al. 2021; Mohammadabadi et al. 2021) 1l o 155 1y Joko 5L 3590 o3l
g Sogels b g Jlubyt il g G (T 03,918 4 (g5l 4 I L g 29 e 0 LT &S A8 o it A8 43 ] 0
Mohammadabadi et al. 2018; Masoudzadeh et al. ) .5 s E.coli U 5 )b gl o ole 8 5 jle
B asgoone o o b <l glyl 51 Sy 53 sl gamaiz 5 e S5 cod gligh el slao (2020
b o lp bog) e 0 0f ol nlpls ) (S god dloyo @ bj Glo 58 9 398 Ol pe) pled Sl SesS
Ll plo 13 56 9 il flon ;3 a5 )5 &Y guame Hlude e (Jafari Ahmadabadi et al. 2023) cul polass!
Mohammadabadi 2021; Shahsavari et al. ) 39 o 5 o) ol o com 00d B los W3l o |y Jguame )] &5
Iobo s ;3 Ll adllan g wae Slio b bas o (sla gy g b5 adlas JoSdge (63154 5 (lul clolal 51 S (2021
05 ol ol adlas oyl > (Mohammadabadi and Soflaei 2020; Shahsavari et al. 2022) ol 0g5509,5 b
ds e 93 0 HlS g9y p Sk Jole Jhitl | w celo VY 4 Y8 Ghin slagl; o OSAOS2 3 OSWRKY45
Cunglio (slagyy JUl g Wl 5> (e85 (sl e (pUolids o Canl 15 (LLS A8 (yp (234D 5 (S0 F-0) Slacals

ol Caoal Bl (63,8 5 (ools bloday

3SDNA
VY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YEY (02 9 (559,90

W eg) 9 3190

@ (b2) of & baryo cilige atyly 5 (polbswse) Wly atyly Jold gy caisis 9 ) iy butl ol g (RS Slgo
9 (Sl 4 Cuoglin (owyd95 B L Ll (38 ()3Bge o oy 3)90 Clige 4y 03,5 o3lisl (aLS Slge (lsie
e ¥ ol (65 (Mg il )3 WWAD Jlo j3 g 05 g WYE Jlo 53 pyllo cwge 4y cawdly (jlow 4 (539l pas
s s 5 )85 s 3 el i 3 Ol b gt ) g g oo s Vi mades 1) 5em) Jslome b oy Hds lazl a0 )8
@l i luel jlate 4 8ad (eSS AL )5 (p3ades Al je U aasalS jupw A5 CulS d) 2 )3 )4 WA
dplbro Loy Sile Clalio plox jglate 4 jlne sla jlade (gyl] o5 ploxl b g s plol o )15 g0 4 inle]]

cuiS b g5y 5 (1986 ) Mackill and Bonman s, 1 ool b il ale 36 S diged 9 (3l
239 oYl oliles b3 g cubls gl a5 1C-25 pb L M. Oryzea g )6 & lis e ds yo 45 .05 ags Prune-Agar
$9) » CA1eSE g g wd 6yl b Sy SBT3 (lagmalS als o 1 Siale 3,5 Prune-Agar cus’ by <,
BT (glod s B (6355 S,b 50 Gl Y o a4y 01,8 5l a4 )3 YO (slod 3 g 4 bl (S 5les (slaals
oo o Jiale 08 el celw Vo (Sl o W olidg) liee o pd A aas Cugby oS Sl day0 YA > 0,
LSS glad o and Siale sladis b pbul 6ud )15 dbgrye BME jl dbgd o I Ve dgas oS loj mdades
9 V8 o slale; 0 Syl (68 dges Nud (5)1dS0 ws > AD iy (ws Cugloy 9 0SSl a0 YIB VY glod
3,5 (Lo 423 A 5558 &y g deoie wle (595 53 AloliM a8l 5 S (Sladigel w5 plxl (Gjale Sl sl VY
3,5 St

oo 5> diged et S5 50 e Sile | e oy cdn ied9 IS (l5a0 9 (Solow A Caoglie (gl5aT (2L
sgge Ses) Jsb 53005 Joli b3l 3,90 Slis 110 Jitte oSl & 5 ] B g0 & w3055 5 dpaleS
Porra sg, 5l g lS s pSoslul sl 9 (1992) Mackill and Bonman g, 4 45 3¢ (5ol pdaws g a5alS (<,
A oolizl (1989) et al.

85 ©ygo (ol 55 5) oSlbse <S58 il o @lpel 3L 1 eolizl L RNA gl seul (RNA gl 5!

(Kazemi et al. 2010) 15,5 s 203 VD 5,51 J5 (695 555995 lawgs cordz]seiwl RNA cuas

4 International Energy Agency; IAEA
RN

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Obuno; € 0 lows (VO a”b) $329US (659955 g dloxo

HSlso o351 L5 b oyon RNA sladigns | sids Seo s RNA kS oy gz RNA CapkeS (s
TBE (LX) 303 o 551 J5 55 2 9 43,5 Lgbes Sty glé IS 5 sidySim 99 b b i Yoo B0
288 Sy gl J i pnSe 5 g a5 550 slaylgi 5 Sl ST olKaod S oalitial b o g1 31 L b 5598921

€S i ooloi Sy o CONA by 23 laibins! 31 ponly (61650565 STy U CONA auli g célw
33l ey sl eslazul b )S5lel o1k .cé,5 slul RevertAid Erststrang-cDNA-Synthesekit cus b 5 Siasiloge 5
Clasete 15 plul Actin bals o3 5 OSAOS2 OSWRKY45 (la; Jlg 3'- UTR apb 4 asg L 5 Oligo?
ACHN Jhails 5 sl 365 )05 aw 5 (eolaib] (5 sl (S 85 d digad o (el ol 005 03,91V Jgi 3 Lo S 5]
UV SNITINS
qRT-PCR islojl ;3 adliiw! 5,50 (1,5 ;181 Wlasuie ) Joua

Table 1. Specifications of the primers used in the real-time polymerase chain reaction test

Jsb
<9d slod
o Jpao
o5 eb Al ol ot oC
Accessi ALY ") (bp)
Gene CCESSION  nitiator -
Primer sequence Melting
name name temperature Product
(C°) length
(bp)
Forward GACCAGGAGGAGGTGCTGA 60
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Table 2. Resistance components of studied genotypes after inoculation with 1C-25 isolate
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Figure 1. The content of chlorophyll a and chlorophyll b in the seedling stage
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Figure 2. The content of chlorophyll a and chlorophyll b in the clustering stage
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Figure 3. Expression of OsWRKY45 gene in seedling stage
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Figure 4. OsAOS2 gene expression in seedling stage
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Figure 5. OsSWRKY45 gene expression in the clustering stage
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Figure 6. OSWRKY45 gene expression in the clustering stage
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