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Figure 1 —A - Differences among two cultivars in severity of R. solani in each leaf
performed by determination of lesion length.
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Figure 2 - The expression rate of A: PR-5, B: POX, C: PR-10, D: PR-12, E: PR-13 and F:

NH-1 genes in Binam cv comparing with Khazar cv in challenge with R. solani at different

time points after inoculation.
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Error bars represent standard error of the mean in two different experiments. ** and ***: indicates (P
<0.01), (P < 0.001) using t test.



R TR TR TR
& §

s S S S S S S S S S S S S S 0 S 0 S S S S S S S S 0 S 0 S 0 S S S S 0 S 0 S S S i
' J I Sok
s S S S A S S S S S S S S S S S S 0 S

oyl s O fv_im 53 POX Jls i s
RRCA NI FE R FIC R NP S
Joms 215l 4 e 552 oS (Lignification)
oSl ok S olen 354 au T Cllad ol 5o
Passardi ) &S o a5 Cuwslis 53 1, 05 ol
05 el ol C\M L ol s (et al., 2004
b oS il Sl il Jsl el VY s
el Ol opl s sl glacia 3.8 s
o BA SYE Gl el 3 05 opl sla ases
L oS sls aalsl [ 5 il Ly, il Sl
53 POXOLs 55 03 A8 b pwsp =8

Lol Sl ey oS
Xanthomonas oryzae pv.oryzae , grisea

.Magnaporthe

ol s [(Jaishree et al., 1997) 5,5 calks
g 03,8 wF) il S 4 i ST 0L
ol b s ol 5 d s Golen B
oo boamlie 53 O3) e (35 55 05
b & eliasOlis oS o35 ;S Sl polis
oAb e el o8y e glde Sy 53 O
Solew e mip oS Cwslie s 05
B I P
oS s S Wy s 0f s s oryzae

X. oryzae pv.

3 e oS s b sl 51 S Ol
a8 15 allas sppe e Solen dles
(Hilaire et al., 2001) .|
3 WS, I PR-10 0 Sl L
Coaslie 55 5 ol Je 2a 4 5,5 RNase
Sl ods DU s s sl 5L ade OLLS

Sl 05 o) ol Wl (wa et al., 2001)

Ol e sl 5

5> 5 ekd LB gledly lie 6 ndbsk
25 b ke S il
Muthukrishnan et ) O/, (Cas 5 Ol S 4 40
Colas bl oy 1y 05 ol 22 (@l 2001
L3S ulS &7 LS 3 R.solani & e
s ol s> (Muthukrishnan et al., 2001)
s el VY GIPR-5 05 sla ki, Ol
S5 e el YE g Sl
5 el $A Ol s g anils s ol 5l
SR L I R ]
s i s Y cele 53 05 ol W
B T e BTy R N .
Olme &S S0l 51w tA Csl 5 ey
ool525 3l Zob ooy 355 sl o PR3 05 0Ly
4S 03 el L 3 el 5, 6lS Jyle
o O35 358 Jan 5 ol S S o STl
Zhao et al., ) >33 o ;550 05 Ols il
olele by 05 cpl 0l JAul58l W, (2008
L 5 ol b =l L el S5
53 s calk. (Babaeizad et al., 2009)
ot polie 355 53 PRB (slassens b asllas
<ol all R.osolani b ol gslues JT 5
Muthukrishnan et al., ) J3 slaasl L o
05 opl e sdkas OLES 5 anils calls (2001
s R.solani Ll s T o> Seaslas 5 00

sl

! Thaumatin Like Proteins

i k4
&\\\&\&\&\&\\



R R R R
& §

S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S 0
( \ * ir b‘:mbo . i -] LQ*: -] -3) . Lr::rs :"93‘}&3 M
' B ) V093] o3 S I O
S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S

Sl I3l 5y s Ll e el o3
S5 b sl R. solani L. s oo ol
s gle 05 0l Bl S T e e
O 5 1apsl 358 o oS Sse s slis
5 WS, 53 as Thionin s 05 S (Yero)
Ol gl Oldlas s S 28 ) 55
Zr e 53 JA L (OSThIL) s s ol
326 lSL ol 4 Cslie sl 5 W
B. glumae  Burkholderia plantarii
Iwai et )sls Sl bl 335
,s defensin slg 5 Ol s <ol .(al., 2002
Al 5 IA w4 anls Gl e 5o b Sl OLLS
Ll s SA 4wl s 5 sk o D

S s 5, opl 3l .(Thomma et al., 1998)

Sl slKe D3 J 8 A w el
LS . IR, solani e = oS s slie
G oty ol glagal e ek
s Glagal 5 by 55 ,C ade JA 5 L)
53 OLS 53 Gy s Jalse ade SA o anly
05 Ols L il 3 sd e Wl alem 5 ae
R 26 & Sodl 5l oy celo YE NHL
kS e Aol Sl solani
S s gk SA @ anly 2y slagal
A3 sl Ll a3 .S e Jos NPRI
05 A3l axils sy 50 SA JKw e
Lo 5

(Arabidopsis thaliana AtWhyl)

sl @l Al GRIBl b slessl
Olar 3 05 oal Ol el oS 5ls OLES oo
oS b baS sty (il 3ea 4l olela
5 (Kimetal., 2001) 5 )ls cialks OL,Ka
05 ol Ol o 55 (ST 5l e Vee el
Joo s a8 (‘)UM = 2 [FRE-
8 sl glacis huy oS w50 S
Ol o OF oo il o la ole
ol o3 S a el 035 55 05
2205 Gl B e ka0l oS e Rl )
b ol R. solani «Je T sl Sy
S Jyasn PBZL Jlb 25 3,50 55 glie
R.solani ale cuylie 55 =i LS ,5 PR10
.(Midoh and Iwata, 1996) .l eds 3,058
A Lo B gl Sl i o
J=ls s GBS IS SV by 5 skaS gla eyl
IS5 oas slT of Js a5 alS it
5 oS Sl g i ol S gl

el 0 opl Ol il It s 08 48
eslis o35 2 Thionin , Defensin sls o5 Ol
b e onbe Sl e adsl cell VY s el
B R
Clalie pl o) el w4 5 el
Sap 0 05 s ol Sl iE Vs
O Kot per b Jolas s o ps] e 5lis
2o e o) 0o Defensin o3 ols .5 ,ls
S5l e el YE polie o3, SN
oo b amlie 53 5l S sl

5 05 el Ol 3 =l oy eSS A pslis

i k4
&&&\&\&\&\\



S S S S S S S S S S S S S S S S S S S S S S S S S S S T S S S S S

L el s, 55 8L e ))S,u Q)j.’l.; L_,LM 3 Phythophthora parasitica us.»jjl

NHL Labyism oS n n 03 by 558 SV Jaee Ol RIS cpl Ll sld 0L SA
>5d 500 SAR 4= 55 3 SA i s Lol ol s (Spoel et al., 2003)) —..! NPR1
L i3l Yla| (Greenberg et al., 1994) 55 05 (pl Ol mhaw &5 das o 0L e 5
O Jds 4 S Sl ey YE el 53 05 (] 3 sl VY ) S5 sl Oles o pslie o3
Gl JEK! 5 glodion Ol O Koo e gl ocele s s ials (S
OF lp a8 cpl D3 &S ol LS ol 5w Pl o3 bl 53 (ols e Sl

(Wang et al., 2005) sty SU3l 4 53 NHL 25 snmsolis & el asl

Lol s pslie o8y Caslie glapegilSs

@l;.o

Abad L, Urzo D, Liu MP, Narasimhan D, Reuveni ML, Zhu M, Niu JK, Singh X, Hasegawa
NK, Bressan RA (1996). Antifungal activity of tobacco osmotin has specificity and
involves plasma membrane permeabilization. Plant Science 118: 11-23.

Babaeizad V, Imani JG, Kogel KH, Eichmann R, Huckelhoven R (2009). Over-expression of
the cell death regulator BAX Inhibitor-1 in barley confers reduced or enhanced
susceptibility to distinct fungal pathogens. Theoretical Applied Genetics 118: 455-463.

Balali GR, Rahimian M, Kosari M (2008). Study of genetic variation of Rhizoctonia solani
AG 1-1A isolated from rice using pectic zymogram technique. Iranian Journal of
Biology 21: 17-23.

Barratt DHP and Clark JA (1991). Proteins arising during the late stages of embryogenesis in
Pisum sativum L. Planta. 184: 14-23.

Bohlmann, H. 1994. The role of thionins in plant protection. Critical Reviews in Plant
Sciences 13:1-16.

Carmona MJ, Molina A, Fernandez JA, Lopez-Fando JJ, Garcia-Olmedo F (1993).
Expression of the alpha-Thionin gene from barley in tobacco confers enhanced
resistance to bacterial pathogens. Plant Journal 3: 457-462.

Chern MS, Fitzgerald HA, Canlas PE, Navarre DA, Ronald PC (2005). Overexpression of a
rice. NPR1 homolog leads to constitutive activation of defense response and
hypersensitivity to light. Molecular Plant-Microbe Interactions 18: 511-520.

Christensen AB, Hocho B, Naesby M, Gregersen PL Brandt J (2002). The molecular
characterization of two barley proteins establishes the novel PR-17 family of
pathogenesis-related proteins. Molecular Plant-Microbe Interactions 3: 135-44.

Datta R, Velazhahan N, Oliva I, Ona T, Mew GS, Kush T, Muthukrishnan, SK, Datta S
(1999). Over-expression of the cloned rice thaumatin-like protein (PR-5) gene in
transgenic rice plants enhances environmental friendly resistance to Rhizoctonia solani
causing sheath blight disease, Theoretical Applied Genetics 98: 1138-1145.

Edreva, A. 2005. Pathogenesis- related proteins: Research progress in the last 15 years. Gen.
Applied plant physiology 31: 105-124.

Epple P, Apel K, Bohlmann H (1997). Overexpression of an endogenous thionin enhances
resistance of Arabidopsis against Fusarium oxysporum. Plant Cell. 9: 509-20.

Farkas GL and Stahmann MA (1966). On the nature of changes in peroxidase isozymes in
bean leaves infected by Southern Bean Mosaic Virus. Phytopathology 56: 669-677.

AR



,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Florack DEA and Stlekema WJ (1994) Thlonlns Propertles p033|ble blologlcal roles and
mechanisms of actions. Plant molecular biology 26: 25-37.

Florack DEA, Visser BDE, Vries PH, Van Vuurde JWL, and Stiekema WJ (1993). Analysis
of the toxicity of purothionins and hordothionins for plant-pathogenic bacteria.
European Journal of Plant Pathology 99: 259-268.

Gholamnezhad J, Sanjarian F, Mohammadi goltapeh E, Safaei N, Razavi KH (2015)
Study of Wheat ESTs in its interaction with Mycosphaerella graminicola.
Iranian Journal of Agricultural Biotechnology 7: 87-106.

Glazebrook J (2005). Contrasting mechanisms of defense against biotrophic and
necrotrophic pathogens. Annual Review of Phytopathology 43:205-227.

Goudarzi A, Safaie N, Jafari M, Mahmoudi SB, Tohidfar M (2015) Transformation
of sugar beet with a bean chitinase gene and enhanced resistance to
Alternaria alternate. Iranian Journal of Agricultural Biotechnology 7: 175-200.

Greenberg JT, Guo A, Klessig DF, Ausubel FM (1994). Programmed cell death in plants: a
pathogen-triggered response activated with multiple defense functions. Cell. 77:551-63.

Grover A, Gowthaman R (2003). Strategies for development of fungus-resistant transgenic
plants. Current Science 84: 330-40.

Hilaire E, Young SA, Willard LH, McGee JD, Sweat T, Chittoor, JM, Guikema JA, Leach JE
(2001). Vascular defense responses in rice: Peroxidase accumulation in xylem
parenchyma cells and xylem wall thickening. Molecular Plant-Microbe Interactions 14:
1411-14109.

Iwai T, Kaku H, Honkura R, Nakamura S, Ochiai H, Sasaki T, Ohashi Y (2002). Enhanced
resistance to seed-transmitted bacterial disease in transgenic rice overproducing an oat
cell -wall — bound thionin. Molecular Plant-Microbe Interactions 15: 515-521.

Jaishree M, Chittoor J, Leach E, Frank F (1997). Differential Induction of a Peroxidase Gene
Family During Infection of Rice by Xanthomonas oryzae pv. oryzae. Molecular Plant-
Microbe Interactions 10: 861-871.

Jwa NS, Agrawal GK, Rakwal R, Park CH, Agrawal VP (2001). Molecular cloning and
characterization of a novel jasmonate inducible pathogenesis-related class 10 protein
gene, JIOsPR10, from rice (Oryza sativa L.) seedling leaves. Biochemical and
Biophysical Research Communications 286: 973-983.

Kim S, Ahn P, Lee YH (2001). Analysis of genes expressed during rice-Magnaporthe grisea
interactions. Molecular Plant-Microbe Interactions 14: 1340-1346.

Lay FT and Anderson MA (2005). Defensins—components of the innate immune system in
plants. Curr. Protein Pept. Sci 6: 85-101.

Lin W, Anuratha CS, Datta K, Potrykus I, Muthukrishnan S, and Datta SK (1995). Genetic
engineering of rice for resistance to sheath blight. Nature Biotechnology 13: 686-691.

Livak KJ, Schmittgen TD (2001). Analysis of relative gene expression data using realtime
quantitative PCR and the 2**CT Method. Methods 25: 402-408.

Midoh N and Iwata W (1996). Cloning and characterization of a probenazole-inducible gene
for an intracellular pathogenesis-related protein in rice. Plant Cell Physiology 37: 9-18.

Muthukrishnan S, George H, Harold N, Bikram S (2001). Pathogenesis-related proteins and
their genes in cereals. Plant Cell Tissue and Organ Culture 64: 93-114.

Novacky A and Hampton RE (1968). Peroxidase isozymes in virus-infected plants.
Phytopathology 58: 301-305.

Passardi F, Penel C, Dunand C (2004). Performing the paradoxical: How plant peroxidases
modify the cell wall. Trends in Plant Science 9: 534-40.

Shah J, Kachroo P, Klessig DF (1999). The Arabidopsis ssil mutation restores pathogenesis-
related gene expression in nprl plants and renders defensin gene expression salicylic
acid dependent. Plant Cell 11: 191-206.

AR



..................................................................................

Spoel SH KoornneefA Claessens SMC Korzellus JP Van Pelt J A (2003) NPRl modulates
cross-talk between salicylate- and jasmonate-dependent defense pathways through a
novel function in the cytosol. Plant Cell 15: 760-70.

Thomma BPHJ, Eggermont K, Penninckx IAMA, Mauch-Mani B, Vogelsang R (1998).
Separate jasmonate-dependent and salicylate-dependent defense-response pathways in
Arabidopsis are essential for resistance to distinct microbial pathogens. Proceedings of
the National Academy of Sciences 95: 15107-11.

Triant DA and Whitehead (2009). Simultaneous extraction of high-quality RNA and DNA
from small tissue samples. Journal of Heredity 100: 246-250.

Van Loon LC (1997). Induced resistance in plants and the role of pathogenesis-related
proteins. European Journal of Plant Pathology 103: 753-7.

Van Loon LC, Rep M, Pieterse CMJ (2006). Significance of inducible defense-related
proteins in infected plants. Annual Review of Phytopathology 44: 135-62.

Velazhahan R, Chen-Cole K, Anuratha CS, Muthukrishnan S (1998). Induction of thaumatin-
like proteins (TLPs) in Rhizoctonia solani- infected rice and characterization of two new
cDNA clones. Physiologia Plantarum 102: 21-28.

Zhao CG, Wang AR, Shi YJ, Wang LQ, Liu WD, Wang ZH, Lu GD (2008). Identification of
defense-related genes in rice responding to challenge by Rhizoctonia solani. Theoretical
Applied of Genetics 116: 501-516.



4

S S S S S S S S S S S S S S S S S S S S S S S S T S S S S S S S S T S

////////////////////////////////////////////////////////////////////////////////

ReSIStance of Two Rlce Cultlvars to the Sheath Bllght Agent Rhlzoctonla solanl AGl 1A

Sayari M.}, Babaeizad V.*?, Tajick-Ghanbari M.A.?, Rahimian H.?

'Postgraduate, Sari Agricultural Sciences and Natural Resources University, Department of Plant Protection.
Associate Professor, Sari Agricultural Sciences and Natural Resources University, Department of Plant
Protection.

®professor, Sari Agricultural Sciences and Natural Resources University, Department of Plant Protection.

Abstract

Contamination of ecosystems upon excessive use of pesticides and emergence of
resistance in pathogens to these chemicals makes continuous research on development of new
control methods and strategies to combat plant pathogens an essential task. Plant disease
resistant genes are useful genetic resources that can be employed to develop resistant varieties
as the best alternative to other control measures. The present investigation was carried out to
analyze the interaction of two major rice cultivars grown in Northern provinces, with
Rhizoctonia solani, the causative agent of rice sheath blight disease. Binam and Khazar
known as the resistant and susceptible cultivars, respectively, were inoculated and their
reaction to R. solani determined. The lesions in the sheath of the susceptible cultivar were
twice in length compared to those on the resistant cultivar. Analysis of data by the Student’s T
test showed existence of significant difference (P value < 0.05) between the two cultivars. To
determine the expression profile of the genes involved in resistance to R. solani, samples were
taken from leaves of two weeks old seedlings in different time courses post inoculation. RNA
was extracted from the samples and analyzed by quantitative real time PCR. Results of the
present study indicated that expression rates of PR-5, Proxidase, PR-10, Defensin, Thionin,
and NH-1 in resistant genotype (Binam) increased greatly after inoculation with R. solani
when compared to Khazar cultivar. The outcomes of this study also suggest that the genes
under study are involved in resistance mechanisms of rice against sheath blight disease.
Keywords: Pathogenesis-Related genes, Gene expression, Rice, NH1, cDNA, Real-time Q-
PCR
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