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Table 1. The sequence of primers used in the Real-Time PCR reaction

Gene Sequence (5'-3') Tm °c Amplication Length
Actinl F- ATCCTTGTATGCTAGCGGTCGA £ VWA
R- ATCCAACCGGAGGATAGCATG
PAL F - GGTGTTCTGCGAGGTGATGA 5\ VA-
R-AGGGTGGTGCTTCAGCTTGT
1- lesion length 2- Moderately resistant or MR
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Figure 1. Pathogenicity test (leaf clipping figl), primary symptoms (fig 2-3), disease progression (fig 4), and
performance of some cultivars in interaction with rice bacterial blight
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Table 2. Results of analysis of variance comparing the resistance of cultivars based on the lesion length of bacterial blight
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Table 3. Comparison of necrosis lesion length mean and grouping based on multi-Duncan test of 24 commercial rice
cultivars based on two inoculation methods
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Table 5. Analysis of variance for activity of defense enzymes of rice seedlings in response to Xoo
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Figure 3. Evaluation of the rate of catalase enzyme changes in the three rice cultivars; Tarom, Shiroodi and Khazar

¥ T w8 4y (GPX) jlansTyy JoSolsS o 3l s

Vo - B o ol
B ocelo VY
Ve o Bcls YF
Hecls YA
o Heels VY
Hecls ds

039l b 039l (6390 odqll |5 als p,lb amls (6395 aals 5

Hours post inoculation

25 5 89w e doxe pylb 18y a3 oSy IS8 o 3T st (lise b)) ¥ S8
Figure 4. Evaluation of the rate of guaiacol peroxidase enzyémlghchanges in the three rice cultivars; Tarom, Shiroodi
an azar

4 Comd B og)S )0 B85 B8 polie o8) 0 gl 5 YL Glgensd dpuSTs0 clom T clled o ey
ORIl Egecma )3 g2 jd (53 gae Hobtr (Jore )b YA lebo )3 ey )53 polie 08) 4 bgiye sy
oo polb & sy 5 pglin o5, )3 (Sl csls ey B jgbas g 4B)S 8 05 0 sl (Sl
i 4S50S oo Cillas 4Bl plo @l Ll gl gyl JBdne Ggld ol 08y 4 S (10> &y v )
(YOVEEY) sl odds Cou 3] yo 3y90 ) o celo VY 5 FA 3 cwip @ o JS b Olyuis g


http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jcb.12.36.77 ]

U/mg protein

AY Sl Silen b Jels )3 Sl @ 08) 2 (JoSge 9 (ploordan Clpuss adlllas

U/mg protein
Ny < > o

“< % o

039l o,k o3l (639 s ol )3

Hours post inoculation

T pd) 4w 5> (SOD) goumnd dpunSlygm il i

W oo oloj
B cels VY
W cels VY
Hcecels YA
Weelo VY

Weels 88

Wl eyl Aol (639 s wls s

_ 3 5 @9 elme b o) a5 igounsd 3T g 3T Sl e o)) -0 USG5
Figure 5. Evaluation of the rate of SOD enzyme changes in the three rice cultivars; Tarom, Shiroodi and Khazar

S lde a4 i e il ol cdld aebl o) s
) sy e e 1, (C,&L» VY 5l g called l5ee uz.aalf)
Hy0; 8lsl clacdale wlgs olS U cuuily o> colled
b ool 035 0 @3l ol Somb cdld uS Joods |,
gaw (il > aglie w3l ol QLI pas I Glyie
w5 13 45 adls 5o b (Sagl Jslya Jsbo s ROS

(A) 355 (oo 0lS )3 oMo 9y g Liiil cage

Vo

V¥

03911 p)lb aJ5JT (8§39 yad o.>9.ﬂ B

21 elS Jsho o8 cad ol ot SYBE 5l

(17) 255 o Sty BROS 51 il 5iaeas b5
sy iS5l el ,Kud b Lioxis 5 basYBIS
Wlge 4l yn > &S gjsbdy amil oYL Sl
S (1) sl aps ) HhOp Jslse bosls
05 3 o9l J) e sl VY B 5YB el oy
‘_;QLo| H202 009y p)))] u:l LY DD oo uL.w ,n,l:u

Brpby > J5 Jb Ol

B jio ol
B ocelo VY
W cels VY
Hceels YA
Weelo VY

Heels a5

Lol eyl Jald (639 pus EEYRYES

Hours post inoculation

25 9 S9yed g dome pyllo o8 s > S Jib 3l ks liee (2L, -5 U
Figure 6. Evaluation of the rate of total phenol enzyrlgﬁ changes in the three rice cultivars; Tarom, Shiroodi and
azar.

05 i sy (Lol clld o)l (285 X00 (6 S
Sy sl G g ol ol (65t G o5
Sy Jokw 8l 0aiiS 4 jo5 lam Bl plp > ol
4 dlg5 oo STy JoQI oimen (A) 298 o0 1) Lo
A5 > 8]y gy deuSly Sy I3l palitns b
Sl oimed cpl oS > Iy Wlosel 395 4y )5 jlows L oLS
o plie 08y 3 JaSly JsGE w3l el 1330

r;,.»)j cdld &S ol uL*‘" uLo.qym db"g;“’))t’ @L.:

€ Cul il pg JB Glise 4 polie pB)) )5 YLK
b5 loss ply )3 ol Cuogliio 3 w3l cnl LA S (3,
SrShbesd (5 ale oS » 55 Giegh onl
o 03 9 ld ol b awlie 5 VB cld
231 &5 255 oo (55 dom (i o AU (il il


http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.77 ]

AD

A) &S o 595l drwes (gl deluol Loyl ol dlogl 4 00l
Iom celo W opslie o8, )5 JS Jib cdld il
el cpdiz plojen Clld I ol Wlgie (Sl
Al Cglie calisee (gl pumo )3 e jo BB

ks & (8 oliS 5 g a1l god gsane
sledsse b g Jolo Lic (5, 13b) 38l Spe
(DNA JoJse 5 (nS9p haed Jro (obondon JUb
il by €8 iSS Codgioe o oSl D9 00
Jelsi > am Jolie )3 1o slons (sl )9Sl g5 g (g S,
Slgiee y55 polie 08y 3 JS b (Il 03,5 oo ) 5Ll
2L 8Ll 3 08) ol Cenglie GlapanilSa I (S
IGATARAY
PAL 5 ole @l 3y,

&2 e & 2l L PAL (5 Clyist X9y (o)
gl o WY el 3 (05 ol oA (pmagig) (slaasuns
Ol &5 Jy <8l LIl (aarg B jobds o3) w2
w8y b dulie )3 (639)md Jootle g )35 polie o8y 93 5
&5 ol Jlsa et ()b ine BB )b ol LS
Celo V¥ 0 b ool b bl als e o ol ol
bjlas plo b dopd i ghaw ) glies il 51w
(Y JS) ool @il o gme M3

3

Rkl incculabion

T *
- ]- ' = | L B - = R
24 16 48 &0 72 B4

Hourse post inoculaticn

WWAR yliaoj /Y5 oyl /o233lsd Jls /21y alS oMol dolisngsy

! 408 Culbyy iz For oles 5 20l plals &
@5 e ez o2y Jole olpd plottul ol 5l w3l
ol elbaly b e ol Canglis Liall e HoO,
Ap 2 olS Caglie &8 Sl Sdagh @l b lagh
Clld ol Gl b basye |) @wp byl (SBgw
(YY) S o caibllas Wl 5555 5l
lo JS3l, s 5o glés IS s SOD i Jleb
«BgyigySs sl )S lo 4 ol gy Jgbo 53 (1) el S5
J3 5T 1 o JS), zolaw wlas )3 bajluses]
glyl @ H0z (sla 0980l plmls (ialS o g Min
leord G ladnl b pl Wgd o0 025)5 (slaJ9SUg
eSS SOD 5l (V) Koo Congliio @ (spite
Mo e OB & Cwl (o (90 sla S
bao s SOD gl 13 33 cyjeeS] 35 sl JIS,3),
005 Usewd 1 5 Cunl guilinsT gla jiis ply o elod
Oikos cpl 5 (V) 3l <y 02 5 HyOp 4 Op-
I om Sbe 5 plie 08y 1> SOD 3l (W el
5 6LS 3 ,Shes 5l b5 Wi (celo VY B ¥A) 5ol
peilo 40,5000 (gly deluel balpd ool &b
adgl sl I sl ud b sl 8L olilen
oSly (Soigdan s L g oad Sl e Jl0dl,

-'\]'\|:'~'-‘-:.‘n

29 d) 2o wrd S e )3 ) gme BN pspie (93955 5 re )b 35 P8 P PAL (5 ol s g, -V S

_ togeil ool (1) 20> @y o 53 5 () 20> S s _ _
Figure 7. The trend of PAL gene expression changes in Tarom Shiroodi and Khazar rice cultivars.

2 TN A g Sy 393 Cubgig) e (i 4 g A5 U
oLS @51 cbls dl).g )L.:uw.: «_i: u) Og.l OO AaT)lf oS
olebe 3 of ol ol gyl ol ol Sl il
sl S92 Ol pree g o Jlosds o (VY el asl
5o 0 bl ¥ gase clidgs 9 (LPR glgl) cuss 1ol
o polie ©8) 53 SAR oty b g culus (368 STy

by plio pB)l Mg cua Conglie slagy] Glee 3

e > (PR) licsilon b badye slagutign 81288
el I LS (£l clagul 5 g0 5 A5, laan])
JbS 5 g Giegn cnl 0 (Fr) Byl 0 Gl ohg
OlS ) of ol ole (Rl 0L PAL o5 gl X))
ol 55 ol ple Spsbar 05 Slen b Siale jl om
Canl )5 jlaws dlos ol oy &5 Sjale | G celw YF U


http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.77 ]

A SSL Solen b Jolsi 3 Jlpl g8 08, 2 (JsUg0 9 (olardipn Ol adllas

z)8 o Pseudomonas syringae .ile (oS
Cuoglio culys yd 9 Jd e Lsw ,d Phytophthora sojae
Gl ol L piomen adllas (pl e o aSls (ybjue
53.(YY) b, o PAL clale & atinly codisay SA fwge
@ dtly glog boplg PAL 55 slo ol o)y
g polie o3, > (CAT) ;YL 4 PRy 9 PRy olj)lew
Blo (Sawg Jole 68L& Cus (Sp a2 S olas
Pectobacterium carotovorum subsp.
o axeS s ,S ey oy e ;I Carotovorum
w8y 3 CAT 9 PAL 5 PRy slaiyj oo olsee 315 o)l
Gl a8l (ili8l o) Sxe jobds wlas 4y Cund pylio
S pglio 5 (plu o) o PR1 0 0o 0liee 2 Iy
sl dad o Gl basl cpl cwl o350 (gl me
b =B> sbgul 3 CAT o PRy olyenas PAL
5I) Giliseo sl oyl b dslge ,> (PALi—PAL,) PAL
ol ,» (Pseudomonas syringae (¢ySL dles
ol s 05 ol Bl i 43 LS gl
ESh S o 4 s Camluss o Jlisey ¢ SA g
(V) 2,8 0

Sl ol cld e o5 b ol Liegi ol
SYBE BgoudpnS] pgw Glisusly JsU G2 (oo
8 PAL 05 U 55 (L5 oS ) cilansI gl
polie pByl e Joli 53 )5l 4y Conglio Sor 5> (5ot
o Wl &S oy lis oot gl )b XO(? 65SL g @iy
Cuoglie )3 (core 8 PAL (5 9 w3l @gets ol 8l
S g Jole (6381 (286 ol pl 53 55 )b 8)
Cuwl Gl b &Syl Ll 5o ol il i Sy
5 olpl 2 St gl ol Sl W serg oS
YL Cubld g (638 @ cans (6w pB) el Cpmlue
I 9 Gl yiie adlas 4 o ol Glilen
23 Caglie e (il b Jbb opeyd Al (5)900
SoS 4 (5,15 ppe PB4 b Sl By S
S5 pB)l adye g (plus £yl 2ol g (G5gl5iSSges ole
2,5 whled walyd 1y oai] ;3 X00 (6,58 & s polde

Qe plo b 3:6 b (ol @l 23,5 (0 (e Conglio
Olels jd o5 cpl sazee Sl audl (VF) o)l leden
255 (bl ity 6yl g > (S L5 A
Syl jon g 6pSh il Gl coles alex
Ll 2l les
o398 Jub sl (23U 4l S 5 S 0 o
9 o5y SlaguSyn daosiS UK ¢ 2> dtuly (slacy)
o Jl 53 05 onl wae 8B (VF) sl gy 556
9 SA JUSew jpe 8 1 9 NPRL o 1505 (sl
zol il e olyen SAR Kook Cangldo oy oy
o 9 Sl YA SIS 2 g Wajlacusly sl 3l el
|y 4155 o) o9y ) 3 5291 J e el 85 b o
5,8 plogl Clids plo b gl gl LS e Cosh
o5 onl i calisee Clagass (o . (Ve VFSY) 04l Sleden
3590 S )le Jeloe pogady b 15 & Conglie Sl 3 1,
odgld gl 3Slas SNl aby 45 630 H\E Wb
Jolos o 1> 7y (QTL) (o8 Cunglio )0 ;5 PAL
(B g g BIE | SiB g sy 094 Sl il
s ol & 05 ooy 4Lis X00 31 3L, sl St
S g bl (oS Cuglie > J35 Jelos o yigalS
3 (g inb dawsgd 5 350 (sl culie  oglie Jruiliy
sloan)ly ggy addlae (YA) sibco 60 S)len Joloe
aS ol Ui oy byl K gw 4 Cand 2oy il
L (AUDPC) (g)lons iy 30 5 (skoms £585 (oo

OB ol gle i 9 039 baiye PAL culls ol e
(Y0) WS o sliy] (658L 4 G Cuoglie jop 4D oo
polb & s Jolo polide o5, 1 PAL S olo &5 el 8l
@ Comd gy olS Ceaglie 13 (5 ol 5 ) (S (e
Acidovorax avenae ) (slosed (5,55 (s lows Jolo (5,58
oy ol oldles (V) L. (subsp. avenae
B s )3 (G)apd oS el S Sl
o5 53] 5w b PAL youno 93 31 45 43l o Lgus ol
o) dy oo 4 00,5 e suie (ICS —isochorismate)
Sebeadbo gl (23 yone gl 028 b s J5Ss0
o33 5Lis ICS pydenl g PAL aj803] cbgels 3l o
S )Slon blie )5 sl Sludlo 4y atnly (o Zuly

&bo

1. Adhikari, T.B. and T.W. Mew. 1994. Resistance of rice to Xanthomonas oryzae pv. oryzae in Nepal.

Plant Disease, 78(1): 64-67.

2. Akbari, M., R. Rezaei and H. Charegani. 2019. Evaluation of resistance of some rice cultivars to
bacterial blight disease caused by to Xanthomonas oryzae pv. oryzae. Journal of Plant Protection

(Agricultural Science), 24 (3): 59-70 (In Persian).

3. Ardales, E.Y., H. Leung, C.M. Vera Cruz, T.W. Mew, J.E. Leach and R. J. Nelson. 1996. Hierarchical
analysis of spatial variation of the bacterial blight pathogen across diverse agroecosystems in

philippines. Phytopathology, 86(3): 241-252.

4. Barker, D. 2002. Method for Inoculating rice with Xanthomonas. Plant Pathology Laboratory, lowa

State University, 203 pp.

5. Choodamani, M.S., P. Hariprasad, M.K. Sateesh and S. Umesha. 2009. Involvement of catalase in
bacterial bliaht disease development of rice caused by Xanthomonas oryzae pv. oryzae. International

Journal of pest Management, 55(2): 121-127.

1- Disease intensity, DI


http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.77 ]

AY WA lioj V7 0ylasds /235193 Jlw [ £ly5 lolS oMol aolicings

6. Dazv, M., V. Juna, J.F. Férard and J.F. Masfaraud. 2008. Ecoloaical recovery of vegetation on a coke-
factory soil: role of plant antioxidant enzymes and possible implications in site
restoration. Chemosphere, 74(1): 57-63.

7. Deb, S., M.K. Gupta, H.K. Patel and V. Sontir. 2019. Xanthomonas oryzae pv. oryzae XopQ protein
suppresses rice immune responses through interaction with two 14-3-3 proteins but its phospho-null
mutant induces rice immune responses and interacts with another 14-3-3 protein. Molecular Plant
Pathology, 20(7): 976-989

8. Debona, D., F.A. Rodrigues, J.A. Rios and K.J.T. Nascimento. 2012. Biochemical changes in the
leaves of wheat plants infected by Pvricularia orvzae. Phvtopatholoay, 102(12): 1121-1129.

9. Farahani, A.S., S.M. Tadhavi, A. Afsharifar and A. Niazi. 2016. Chanaes in expression of
pathoaenesis-related aenel, pathoaenesis-related aene2, phenvlalanine ammonia-lvase and catalase in
tomato in response to Pectobacterium carotovorum subsp. carotovorum. Journal of Plant Pathology,
98(3): 525-530.

10. Fitzgerald, H.A., M.S. Chern, R. Navarre and P.C. Ronald. 2004. Overexpression of (At) NPR1 in rice
leads to a BTH-and environment-induced lesion-mimic/cell deathphenotype. Molecular Plant-Microbe
Interactions, 17(2): 140-151.

11. Giannopolitis, C.N. and S.K. Ries. 1977. Superoxide dismutases I. Occurrence in higher plants. Plant
Physiology, 59(2): 309-314.

12.Gill, S.S. and N. Tuteja. 2010. Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiology and Biochemistry, 48: 909-930.

13. Goto, M. 1964. Kreseck and pale yellow leaf, systemic symptom of bacterial blight of rice caused by
Xanthomonas oryzae (Uyeda & Ishiyama) Dowson. The Plant Disease Reporter, 48: 858-61.

14. Heydarinejad, A.M., V. Babaeizad and H.A. Rahimian. 2015. A study of the role of PR, and PAL
genes in rice plant resistance to Acidovorax avenae subsp. avenae. Journal of Agricultural
Biotechnology, 7(4): 67-82. (In persion)

15. Horgana, K.J. and J.O. Henderson. 2015. Resistance genes of Oryza sativa for Protection Against
Xanthomonas oryzae pv. oryzae, the causative agent of bacterial leaf blight. Journal of Student
Research, 4(1): 12-17.

16. Huana, J., M. Gu, Z. Lai, B. Fan, K. Shi, Y.H. Zhou and Z. Chen. 2010. Functional analysis of the
Arabidopsis PAL aene family in plant growth, development, and response to environmental
stress. Plant Physioloay, 153(4):1526-1538.

17.Jiana, N., J. Yan, Y. Liana, Y. Shi, Z. He, Y. Wu, O. Zena, X. Liu and J. Pena. 2020. Resistance
Genes and their Interactions with Bacterial Bliaht/Leaf Streak Pathogens (Xanthomonas oryzae) in
Rice (Oryza sativa L.) an Updated Review. Rice, 13(1): 1-12.

18. Jockusch, H.1966. The role of host genes, temperature and polyphenol oxidase in the necrotization of
TMV infected tobacco tissue. Jouurnal of Phytopatholology, 55: 185-192.

19. Khoshdaman, M., M. Niknejad Kazempour, A.S. Ebadi and F. Pedram. 2009. Identification of the
causative agent of rice bacterial blight in farms of Gilan province, Journal of Plant Protection
(Agricultural Sciences and Industries), 23(1): 50-57 (In Persian).

20. Khoshkdaman, M., A.A. Ebadi and D. Kahrizi. 2012. Evaluation of pathogencity and race
classification of Xanthomonas oryzae pv. oryzae in guilan province-lran. Agricultural Sciences, 3(4):
561-557.

21. Livak, K.J. and T.D. Schmitt%en. 2001. Analysis of relative gene expression data using real-time
quantitative PCR and the 2— **“" method. Methods. 25(4): 402-408.

22.Nino-Liu, D.O., P.C. Ronald and A.J. Bogdanove. 2006. Pathogen profile Xanthomonas oryzae
pathovars: model pathogens of a model crop. Molecular Plant Pathology, 7(5): 303-324.

23.Oliveira, M.D.M., C.M R. Varanda and M.R.F. Félix. 2016. Induced resistance during the interaction
pathogen X plant and the use of resistance inducers. Phytochemistry Letters, 15: 152-158.

24.Rostami, M., A. Qasemi, H. Rahimian and V. Khosravi. 2010. Identification of Rice Seed Disease
Diseases in Mazandaran Province. Summary of papers of the 19th Congress of Plant Protection.
University of Tehran, page 420 pp (In Persian).

25. Sahebi, M., S. Tarighi, P. Taheri and M. Goldani. 2015. Diversity of Xanthomonas oryzae pv. oryzae
Bacterial blight of rice. Journal of Plant Protection (Agricultural Sciences and Industries), 29(1): 23-
31. (In Persian).

26.Sairam, R.K., K. Veerabhadra Rao and G.C. Srivastava. 2002. Differential response of wheat
genotypes to long term salinity stress in relation to oxidative stress, antioxidant activity and osmolyte
concentration. Journal of Plant Science, 163: 1037-1046

27.Sayari, M., V. Babaeizad, M.A.T. Ghanbari and H.Rahimian. 2014. Expression of the pathogenesis
related proteins, NH-1, PAL, and lipoxygenase in the Iranian Tarom and Khazar rice cultivars, in
reaction to Rhizoctonia solani-the causal agent of rice sheath blight. Journal of Plant Protection
Research, 54(1): 36-43.

28.Schaad, N.W., J.B. Joneas and C. Chun. 2001. Laboratory Guid for identification of plant pathogenic
bacteria. (Third edition) St Paul, Minnestota, APS press, 373 pp.


http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.77 ]

M LSl S low b Jolss )3 Jlpl g o8y dia J5S50 5 (olondn s adlllae

29. Schwessinger, B. and P.C. Ronald. 2012. Plant innate immunity: perception of conserved microbial
signatures. Annual Review of Plant Biology, 63: 451-482

30. Seevers, P.M. and J.M. Daly. 1970. Studies on wheat stem rust resistance control at sré locus. 1-the
role of phenolic compounds. Phytopathology, 6: 1322-1328.

31.Sharma, P., A.B. Jha, R.S. Dubey and M. Pessarakli. 2012. Reactive oxygen species, oxidative
damage, and antioxidative defense mechanism in plants under stressful conditions. Journal of Botany,
1: 1-26.

32.Shine, M.B., J.W. Yana, M. El-Habbak, P. Naagyabhyru, D.OQ. Fu, D.Navarre and A. Kachroo. 2016.
Cooperative functionina between phenylalanine ammonia lvase and isochorismate synthase activities
contributes to salicylic acid biosynthesis in soybean. New Phytologist, 212(3): 627-636.

33.Sodhi, M., Y. Vikal, M.L.C. George, G.S. Bala, G.S. Mangat, M. Garg, J.S. Sidhu, and H.S. Dhaliwal.
2003. DNA fingerprinting and virulence analysis of Xanthomonas oryzae pv. oryzae isolates from
Punjab, northern India. Euphytica, 130(1): 107-115.

34. Sofo, A., A. Scopa, M. Nuzzaci, A. Vitti. 2015. Ascorbate peroxidase and catalase activities and their
genetic requlation in plants subjected to drought and salinity stresses. International Journal of
Molecular Sciences, 16(6): 13561-13578.

35.Solekha, R., F.A. Susanto, T. Joko, T.R. Nurinatvas and Y.A. Purwestri. 2019. Phenvlalanine
ammonia lvase (PAL) contributes to the resistance of black rice against Xanthomonas oryzae pv.
oryzae. Journal of Plant Pathology, 102(2): 367-367.

36. Stotz, H.U., J.G. Thomson, Y. Wana. 2009. Plant defensins Defense, development and application.
Plant Signaling and Behavior, 4(11): 1010-1012.

37.Tang, W. and J.R. Newton. 2005. Peroxidase and catalase activities are involved in direct adventitious
shoot formation induced by thidiazuron in eastern white pine (Pinus scorba L.) zygotic embryos. Plant
Physiolgy and Biochemistry, 43: 760-769.

38. Thakur, M. and B.S. Sohal. 2013. Role of elicitors in inducing resistance in plants against pathogen
infection: a review. ISRN Biochemistry.

39. Tonnessen, B.W., P. Manosalva, J.M. Lana, M. Baraoidan, A. Bordeos, R. Mauleon and J.E. Leach.
2015. Rice phenvlalanine ammonia-lvase aene OsPALA4 is associated with broad spectrum disease
resistance. Plant Molecular Biology, 87(3): 273-286.

40.Van Loon, L., M. Rep and C. Pieterse. 2006. Significance of inducible defense-related proteins in
infected plants. Annual Review of Phytopathology, 44: 135-162.

41.Venturi, V. and C. Fuqua. 2013. Chemical signaling between plants and plant-pathogenic bacteria.
Annual Review of Phytopathology, 51: 17-37.

42.White, F.F. and B. Yang. 2009. Host and pathogen factors controlling the rice-Xanthomonas oryzae
interaction. Plant Physiology, 150(4): 1677-1686.

43. Wildermuth, M.C., J. Dewdney, G. Wu and F.M. Ausubel. 2001. Isochorismate synthase is required to
synthesize salicvlic acid for plant defence. Nature, 414(6863): 562-565.

44, Wu, W., X. Wan, F. Shah, S. Fahad and J. Huana. 2014. The role of antioxidant enzvmes in adaptive
responses to sheath blight infestation under different fertilization rates and hill densities. The
Scientific World Journal. https://doi.ora/10.1155/2014/502134

45.Yu, C., N. Wana, M. Wu, F. Tian, H. Chen, F. Yana and C. He. 2016. OxyR-requlated catalase CatB
promotes the virulence in rice via detoxifying hydrogen peroxide in Xanthomonas oryzae pv.
oryzae. BMC Microbiology, 16(1): 269.

46.Yuan, Y., S. Zhong, Q. Li, Z. Zhu, Y. Lou, L. Wang, J. Wang, M. Wang, Q. Li, D. Yang and Z. He.
2007. Functional analysis of rice NPR1-like genes reveals that OSNPR1/NH1 is the rice orthologue
conferring disease resistance with enhanced herbivore susceptibility. Plant Biotechnology Journal,
5(2): 313-324.


https://doi.org/10.1155/2014/502134
http://dx.doi.org/10.52547/jcb.12.36.77
https://jcb.sanru.ac.ir/article-1-1142-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.77 ]

Journal of Crop Breeding Vol. 12, N0 36, WINter 2021 ............ooiirieiisiieteeree e et e e e e e ein e e e ean e veniireneennennennennn 89

Study of Biochemical and Molecular Changes of Iranian Rice Cultivars in
Interaction with Bacterial Pathogen Xanthomonas oryzae pv. oryzae Causes Leaf
Blight Disease

Ahmad Drakhshan', Mohammad Salari?, Valiollah Babaeizad®, Naser Panjehkeh? and
AbdolhosainTaheri’

1- Phd student, University of Zabol
2- Associate Professor University of Zabol
3- Associate Professor Sari Agricultural Sciences and Natural Resources University
(Corresponding author: babaeizad@yahoo.com)
4- Associate Professor University of Zabol
5- Associate Professor Gorgan University of Agricultural Sciences and Natural Resources
Received: 16 June, 2020 Accepted: 4 October, 2020

Abstract

Rice bacterial blight caused by Xanthamonos oryzae pv. oryzae is one of the most destructive
bacterial diseases of rice in some areas of rice cultivation in the world, especially in the tropics
of Asia. The low efficiency of disease management methods, especially chemical methods, has
led to more research on recognizing resistant cultivars and understanding resistance mechanisms
through the study of biochemical interactions and recognition of resistant genes. This study
aimed to evaluate the resistance of 24 commercial Iranian rice cultivars against bacterial blight
and to study some mechanisms of resistance at biochemical levels and the pattern of PAL gene
expression by the gRT-PCR method. The results of the greenhouse assessment showed that
different cultivars varied in the development of leaf spot length as the most important trait for
disease evaluation. The Khazar and Nemat commercial cultivars at the highest level of
resistance and the Tarom (mahalli) and Dilamani cultivars showed the highest sensitivity based
on the evaluation index (quantitative resistance) of this disease. Biochemical evaluation of
Catalase, guaiacol peroxidase, superoxide dismutase enzymes and total phenol in the resistant
and sensitive cultivar shows the high activity of these enzymes in the resistant cultivar
compared to the sensitive cultivar in the early hours after inoculation. The difference between
resistant and sensitive cultivars was significant at the level of one percent. The PAL gene
expression rate was also significantly higher in the resistant Caspian cultivar in the early hours
(12h) after inoculation than the sensitive cultivar. Overall, it seems that the induction of the
PAL gene and the subsequent increase in the accumulation of oxidative and antioxidant
enzymes in the resistance of Khazar cultivar to the sensitive cultivar of Tarom, it is part of the
defense mechanism of rice against Xoo bacteria.
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