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Figure 1. Comparison of the mean effect of different concentration of chitosan and control on induction of
resistance in wheat against powdery mildew disease
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Figure 2. Melting curves of PCR products for Actin, PR1, PR2 and PR5 which show the specific amplification of the target genes.


http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.29252/jch.11.32.124 ]

VYA

booefign cnl & Wb glis (V) ohles 5 jubya
ot SLogSl sl s @8 o olszs
Py 0 olS wsl ey ozl ‘_’j Clio &S D4 o0
il JUd b ppusllgnd Wi L 1) )5 )low:
PRS (35 ol $oN Ol et

©glds 3929 PRI )] (e oS gy 5l Jol> el
Cclile b oadylog alS 5 aals oS oyl es
Ol ooy ol @b amd e U ) pligS” il
P S e YO clale b osdjlog LS o o5 cpl ol
2 pSike Bee clale b andjlog kS )5 5 /) )
Sl J5 el o laj 4 S iy YAV 5
W 5o Cudgigy (il oylsse wcanl 03ly L (p<+ /)
05 ol Ol Cul odawy 365 zol a4 (gl ) L el
oS e YOu ke b oniylog LS gy oloj ol
Dev chile b onsyleg oS ) o SV olisns ) 5o
olelS ole gl ploj & cumd pl VIA 2 5 5 e
oadyles (LS ) 0f gle Olise oomen ABl (oo Sald
i oligS g pS e Bee g VO slacdale L
238 PRI 05 wln ol oliee cn VL b plas (i3l
S e el WY g 1 3 S ke YO clile
(¥ JS8) 2o

Slo opily Jdsay PR eolgils & slaie gl yuiap
Thaumatococcus . alS  piigy alie (siwlgiel
My i Bgyme (yologilbians sbaysy 4 daniellii
95 S Sl 4 gl o g ilisee (LS o
ol Lyasuie Cuol 48,5 1,8 adllas 3y50 (63L; liseds
Jed 5l alagtey Bk 1 oen ol & cwl
9 Joho o)lwd wan pgion) GUSsn oAl
SSshe oS ow 398 il 5 1S5 53 S s
b gyl puin B slcan us LS als 5w, 5!
(Fr) S0 S5l (3l 45) 5l sgel (il ials
Sy 2B el ) snal Cusday S e sl
Cand & Gy ol jody 0 olegsy bl b plogas
Neurospora (slagz,B s, ;I cusly & .col ol
crassa, Candida albicans, Trichoderma reesei
b 5959 PRSI Lalisee (slap s .(YV) &S 685l
2 Bas olss ale Lol Lt ol Ll 5l pliS &S
s (V8) ditd bt lis  obls ) clbls
Glie 5,86 b ) PRS gy 45 cusl ooy ol
Cercospora  z,B Joho slic loly cow )
P9 B ol ple s Lilidl 4 beticola
05 ol VL el (FY) 2900 B 8y o Sl ol
Bas sl glis (Sl 5l o adgl slaoil po
Ormed ) Eoxy )90 (olow ply > en onl YL
PRI slays ol oliee a5 250b ol o, Ken 5 (gdemxo
35 Ssis 4 polie 9> plByl > POX 3 NHI PRS
(V) ol sl 4 ol 15 51

PS5 lisilen bl e slagy] 5 (S gle 665 (S BT gy

PR2 (45 ol $oNI Ol et
Pl lbgne oslis (¥ JS8) PR2 0f oy ol
ol ool o wls LS m dop 0 Jlo|
sl Sl plon 5 BMB] oyl KT &S g pgbods amd e
HLlS Sl lime D9 o odalin (Sogll 5l
P VIV b 3 p S e YO clale 5 5508 b osd o
S0l (LS &y Cam s VA 2 )3 5 o 0- - clile
adly aolyl flisean ol il Q:“»\ il e yao oloj g
odew)y 33 Olie Sl & (Sogll Iy celo WY 3
2 od)les QLS 3 oo zol Oloj > Cudgig) Gliee Cunl
Dov clale 5 o PR olisiS pS ke YO- bl
VEY 5 sals lS 4 caws plp YR g 3 0,5 Lo
9 5 2 pSdee YOr clale )3 095 jho ploj 4 Cund
clale b oad)les lalS jao ploj 4 Cons ply VY
o Sl VY loj 53 (s Al oo 1 )3 )5 (o B¢
05 ol J Al sy LS J 05,S 4y ool
Olej 2 aSul 4 dagi b dimd oo (LS Hho (loj &y Cud
Al ponygiogn dawgi oloj (Sogl 5l Gy sl YE
gl Jige 8y o jl dibar casl (Sae plo il
e o Ll 53 (YY) AL porjgiosn JSuts Sl
»29 Slom celo W 05 el Gl ol Oliee
5 29,5 PR2 o3lgls il o ) 5 p )5 Lo YO clile
Horker (Uly o s alis)lon b lase claonyn
T\~ dige b ol slatsly o |y sl (slojedd:
Sloj lgSsls by )y whad Jate S0u5 4 (55
St g58g olaj O b g 2980 4210 S)low L olS oS
b Cumfyion ©jgodr 5 Bgdion il unjpé g ()
0)ged 55 53 aiLelS (YY) a8 (o Joo jlistS” 33l
ol 4 ol ol olizsl (Ye) W) b g B Jske
slacigie 4 GblS gl 3 1) oo A8 LSy
CllE ) Ygane U5 Yo\l . (Y8) 1S o (il o6
B L ol o (ol Ul 0gde ol ool > o8
ol clle 2gd 0l wgpy lapisl LSt
Joo plyet e Gl EoSeds b s
aslsl MRNA jlaae o8 wob L lKes 9 o9
Cladosporium — z,6 L oxdodgll (claSy ) o
5 YL mhw ol oSy 4 cuws fulvum
SSI5 ¥o) by elasily S L LIS sS—Ya) by (V)
18 51 @)l ok o)l (95 Hgyd b s j5boa
oriplol ligios 4 avg b (VF) S o (opSols o
S9y 2 BHS Y o) Ly (2B cools puS Sy 6y,
Rhizoctonia solani 4 Alternaria longipes (slag,8
55 ) 15 5 o S 5 ] e sl o L]
Fusarium 4 Verticillium dahlia ,> ;e o3; ls> 4
L(Y) ohlKen o Sl (Y0) wgs 0 OXysporum
(M) pa5 yolus o8, ;3 PR2D 5 )by (oS (sadlllas
SR Skt Silan g Sl Sihudlo b o 5l ey
S Js oYL st easl o) & woly ol
)3 0lS 3 i )0 (5 ol Il 5 (steglie sl


http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.29252/jch.11.32.124 ]

wa

25 1 # control
w chit250
f =]
o
Ry
2
&
*
o
[ =
o
DE
g
.——‘f L
o«
&
o
(] 12 24
8 *+E
7
6
g s
,:] %
-] g 4
;e
33 s
w
~ 2
1
o
1] 12 24
ool oy el
Hours post-inoculation

WA (lise; IYY oyloss /o233l Jlo /Jcb)‘ oLLS ZMol doliingl

wall

Sole b (539151 g S8 LS 9 (i3 L 0 slo (LS 13 PRS (g 5 PR2 (@ PRI (Al o ol Slpeets -F S5
il e Sloj ojl > do ) 90 Jlein] golaw )3 Hlesd 93 o jld me BB Sl (o gy F* g *

Sles b Sl

dlee (Sloj o3l o 3 003V 90 Jleinl gk 53 jles 93 (i 3(dne SNST S0ly s e P 9
Figure 3. Gene Expression Changes in a)PR1, b)PR2 and J)PRS5 in plants treated with chitosan and control plants
after inoculating with the pathogen.
* and ** showed significant difference (P<0.05) and (P<0.01) respectively in each time courses

S GBS (wyp opomen Cusl 503 jles Sl e
)90 05 dw Ol £ &5 amd e LIS g)len 4 039l
oRlB Silen b Siale | Gy Sloj slaojl > (g
Soles g Gl Gl jlews il pl e Ll b o
Ome @l el e LS (S e 93 L ()3 sine
@ Cuoglie yrwo 5> 33 lagy Wl pligns b
DR g Ml pAS ) (609 S )lew
Sinle Jl o we3iley colo jlam by cnl by Ol
oS » e onl bl wiSe (bl a0l )
&l dals HlS Gl de Gloes oljeuS b o yloys
Lj%ﬂ Gyl Calas > lgS 130 ol lis
ol il pores aBlee Silen (80
S LS 4 cans 0l jlesi iy olaLS > aslu,
ol oluly ggemme ;5 3l o cillae ol oaS iyl

= JuSTly cpiy a8l o S 5l cbls

L ye el codisS el cunl B 5608 5 cunl olS 5
s SolignS Bl plalS ) caeglie Fuly L
oS Slisio ] 5 uelisS5l5 D ¥ 5V 5l ssls L
(e mlo ‘d}gshﬁf 2 @aie sl yylS &S edg
oz (7)) )15 Ol dgins g (£3delS ¢ K535 g jlsg o
Ol SheSI il g (29Ssens SBT (88 e Sloogiad
=1 a8 anad il edle lgicds 09yl &S sl
ale dlox 5l (it g ) glagi gyl ade als
ol @l (¥2) 39,0 54 plals ()6 sl 5o
2 ol Siale 5l w celn WY aS o lis addllas o)
a5 (GlignS Jles pb Cod pwyp 390 0] 4w
OligsS 2 > pS ke YO e ) SR nl Gliee


http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.29252/jch.11.32.124 ]

W

clitde 5 olistS 556 oo 2B w3l oy uomen
5SS ol Bains 5 (YA) Cal ons Sl ]
Gldllas b oS col o el8 glapys ole iljel eels
Olie Ole RIBL > oligiS 8 3)90 53 oadell
olS > 2lislen b bpe slanSisn 5 (s> by
o 5 & o3l £ ) 250 Stgh & 039 (55>
(V¥) Fusarium graminearum 4 o3¢l pui3 oLS 4 (V0)
b oljans a8 amd o lis Guins (pl gls )b cdlle
Conglio ¢ L8] Satas Cuoglie yrwe (slagj (Ul
B 86 cos alS dlilen gl ke |y lals

PS5 lisilen bl e slagy] 5 (S gle 665 (S BT gy

o) LSy g oS 2B 2l (G
LSLO.” o u.ul.w> bl..\s ).) uf)l;.c.bl.nl dlﬁ.” L» oM U»L..,o
ole Qj JWaay g olS > yYL el b SAR puslSe
ol Ll g LPR a5l eglie yowme slagyj VL
LD o olS e Swbw Shlew 4 Cuwglie
oy LiS o> (sde Shbw (slow dyse O b iagh
olS adijsy yiw o5 b liens oyl8 &Sl
5 OlisnS Loled ol )90y sladlasMe LB uLm;u

£5 9 &3S @ oS Sy sl oad plxl ol )l

XN

10.

11.

12.

13.

14.

15.

20.

21.

ENP My Sl s aliclen b b ofsn
9 (V) bapgubed 9 bangggds wile olapusllgus

&l

. Agrawal, G.K,, R. Rakwal, M. Tamogami, A. Yonekura and H. Saji. 2002. Chitosan active defense/stress

response in the leaves of Oryza sativa seedlings. Plant Physiology and Biochemistry, 40: 1061-1069.
Ahangar, L., V. Babaezad, G.A. Ranjbar, H. Najafi Zarrini and A. Biabani. 2016. Study of PR gene
expression pattern related to in induced resistance to powdery mildew in susceptible wheat genotype after
treating with salicylic acid. journal of crop breeding, 8(17): 208-218.

Alam, M.A., M.S.N. Mandal, C. Wang and W. Ji. 2013. Chromosomal location and ssr maekers of a
powdery mildew resistance gene in common wheat line N0308. African Journal of Microbiology Research,
7:477-482.

Anusuya, S. and M. Sathiybama. 2014. Effect of chitosan on rhizome rot disease of turmeric caused by
Pythium aphanidermatum. ISRN Biotechnology, Article ID: 305349, 5 pp.

Ben-Shalom, N. and E. Fallik. 2003. Further suppression of Botrytis cinerea disease in cucumber seedling
by chitosan-copper complex as compared with chitosan alone. Phytoparasitica, 31: 99-102.

Braun, U. 1987. A Monograph of Erysiphales (powdery mildew). J. Cramer, Berlin. 700 pp.

Chen, L.F. and J.Y. Xu. 2001. Agricultural phytopathology. China Agriculture Press, Beijing, China.
Dordas, C. 2009. Role of nutrients in controlling plant diseases. In Lichtfouse, E., Navarrete, M., Debaeke,
P., Véronique, S., Alberola C. (Ed.), Sustainable Agriculture: A Review. Springer Netherlands, 369-360 pp.
Ebrahimi, A., F. Taliei and A. Zolfaghari. 2017. Study the antifungal effect of chitosan and salicylic acid on
the casual agent of rice root and crown rot. The second National congress of Monitoring and Forecasting in
Plant Protection, 701-704.

Ebrahimi, A., F. Taliei and A. Zolfaghari. 2017. Study the induction of resistance in rice against root and
crown rot disease using chitosan. The second National congress of Monitoring and Forecasting in Plant
Protection, 589-593.

Edreva, A. 2004. A novel strategy for plant protection: Induced resistance. Journal of Cell and Molecular
Biology, 3: 61-69.

Ghazimohseni, V. and S.K. Sabbagh. 2016. Effect of chitosan on gene expression and activity of enzymes
involved in resistant induction to fusariuse of wheat. Iranian Journal of Plant Protection, 46(2): 363-371.
Guan, Y.J., J. Hu, X.J. Wang and C.X. Shao. 2009. Seed priming with chitosan improves maize
germination and seedling growth in relation to physiological changes under low temperature stress. Journal
of Zhejiang Univ Science B, 10: 427-433.

Hernandez, H., M. Figueredo, N. Garrido, L. Sanchez and J. Sarracent. 2005. Intranasal immunisation with
a 62 kDa proteinase combined with cholera toxin or CpG adjuvant protectsagainst Trichomonas vaginalis
genital tract infections in mice. International Journal for Parasitology, 35: 1333-1337.

Hofgaard, 1., A. Ergon, L. Wanner and A.M. Tronsmo. 2005. The Effect of Chitosan and Bion on
Resistance to Pink Snow Mould in Perennial Ryegrass and Winter Wheat. Journal of Phytopathology,
153(2): 108 -119.

. Hon, W., M. Griffith, A. Mlynarz, Y. Kwok and D. Yang. 1995. Antifreeze proteins in winter rye are

similar to pathogenesis-related proteins. Plant Physiology, 109: 879-889.

.Jayaraj, J., M. Rahman, A. Wan and Z.K. Punja. 2009. Enhanced resistance to foliar fungal pathogens in

carrot by application of elicitors. Annals of Applied Biology, 155: 71-80.

. Kheiri, A., S.A. Moosawi Jorf, A. Malihipour, H. Saremi and M. Nikkhah. 2016. Application of chitosan

and chitosan nanoparticles for the control of Fusarium head blight of wheat (Fusarium graminearum) in
vitro and greenhouse. International Journal of Biological Macromolecules, 93(A): 1261-1272.

. Koers, S., A. Guzel-Deger, I. Marten and M.R. Roelfsema. 2011. Barley mildew and its elicitor chitosan

promote closed stomata by stimulating guard-cell S-type anion channels. Plant Journal, 68: 670-680.

Kurita, K. 1998. Chemistry and application of chitin and chitosan. Polymer Degradation and Stability,
59(1-3): 117-120.

Kumar, M.N. 2000. A review of chitin and chitosan applications. Reactive and Functional Polymers, 46: 1-
2.


http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.29252/jch.11.32.124 ]

WY

22.

23.

24,

25.

26.
27.
28.

29.
30.
31.
32.
33.

34.

35.
36.
37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

WA (lise; IYY oyloss /o233l Jlo /Jcb)‘ oLlS ZMol doliings

Livak, K.J. and T.D. Schmittgen. 2001. Analysis of relative gene expression data using real-time
quantitative PCR and the 2*** CT method. Methods, 25: 402-408.

Mohammadi, M.M., V. Babaeizad, H. Rahimian and Sh. Ebrahim Nejad. 2017. Screening of some Barley
Lines Against Powdery Mildew Agent and Considering of NH1 and Several Pathogenesis Related Genes in
Disease Resistance. Journal of Crop Breeding, 22 (In press).

Molitor, A., D. Zajic, L.M. Voll, J. Pons-Hickelhoven, B. Samans, H. Kogel and F. Waller. 2011. Barley
Leaf Transcriptome and Metabolite Analysis Reveals New Aspects of Compatibility and Piriformospora
indica—Mediated Systemic Induced Resistance to Powdery Mildew. Molecular Plant-Microbe Interaction,
24: 1427-1439.

Nandeeshkumar, P., J. Sudisha, K. Ramachandra, H.S. Prakash, S.R. Niranjana and S. Shekar. 2008.
Chitosan induced resistance to downy mildew in sunflower caused by Plasmopara halstedii. Physiological
and Molecular Plant Pathology, 72: 188-194.

Pan, S.Q., X.S.Ye and J. Kuc. 1989. Direct detection of B-1,3-glucanase isozymes on polyacrylamide
electrophoresis and isoelectrofocusinggels. Analls of Biochemistry, 182: 136-140.

Roberts, H. and P.E. Kolattukudy. 1989. Molecular cloning nucleotide sequence and abscisic acid induction
of a suberization-associated highly anionic peroxidasa. Molecular Genomic and Genetic, 217: 223-232.
Rodriguez, A.T., M.A. Ramirez, R.M. Cardenas, A.N. Hernandez, M.G. Velazquez and S. Bautista. 2007.
Induction of defense response of Oryza sativa against Pyrcularia grisea by treating seeds with chitosan and
hydrolyzed chitosan. Pest Biochemistry and Physiology, 89: 206-215.

Sabbagh, S., A. Sabbagh, J. Abkho and F. Mostafavi. 2016. Effect of chitosan on the induction of resistance
in cucumber against Pythium aphanidermatum. Journal of Plant Protection, 30(2): 219-229.

Saikia, R., B.P. Singh, R. Kumar and D.K. Arora. 2005. Detection of pathogenesis related proteins-
chitinase and-1,3 glucanase in induced chickpea. Current Science, 89: 659-663.

Schultheiss, H., C. Dechert, L. Kiraly, J. Fodor, K. Michel, K-H. Kogel and R. Huckelhoven. 2003.
Functional assessment of the pathogenesis-related proeein PR-1b in barley. Plant Science, 162: 1275-1280.
Simmons, C.R. 1994. The physiology and molecular biology of plant 1, 3-B-D-glucanases and 1,3;1, 4-B-D-
glucanases. Crit. Review of Plant Science, 133: 325-387.

Soltanloo, H., E. Ghadirzade Khorzoghi, S.S. Ramezanpour, M. Kalate Arabi and M.H. Pahlavani. 2010.
The expression profile of Chi-1, Glu-2, Glu3 and PRI1. 2genes in scab- resistant and susceptible wheat
cultivars during infection by Fusarium graminearum. Plant Omics Journal, 5: 162-166.

Stintzi, A., T. Heitz, V. Prasad, S. Wiedemann-Merdinoglu, S. Kauffmann, P. Geoffroy, M. legrand and B.
Fritig. 1993. Plant Pathogenesis- related proteins and their role in defense against pathogens. Biochimistry,
75(8): 687-706.

Sun, B., L. Dc., C. Xy, R.F. Guo and Y. Wang. 2004. Induction ,purification and antifungal activity of beta-
1,3-glucanase from wheat leaves. Plant Pathology, 30(4): 399-404.

Terry, L.A. and D.C. Joyce. 2004. Elicitors of induced disease resistance in postharvest horticultural crop: a
brief review. Postharvest Bological Technology, 32: 1-13.

Van Kan, J.ALL., M. Joosten and C.A.M. Wagemakers. 1992. Differential accumulation of mRNAs
encoding extracellular and intracellular PR proteins in tomato induced by virulent and avirulent races of
Cladosporium fulvum. Plant Molecular Biology, 20: 513-527.

Van Loon, L.C., M. Rep and C.M.J. Pieterse. 2006. Significance of Inducible Defense-related Proteins in
Infected Plants. Phytopathology, 44: 135-162.

Veladi, S., M.J. Soleimani pari, G.H. Khodakaramian and T. Ghyasvand. 2013. Effect of salicylic acid &
chitosan on induction of resistance in chickpea against fusarial wilt and root rot. Iranian Journal of Plant
Pathology, 49(2): 59-61.

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

Vigers, AJ., S. Wiedemann, W.K. Roberts, M. Legrand, C.P. Selitrennikoff and B. Fritig. 1992.
Thaumatin-like pathogenesisrelated proteins are antifungal. Plant Science, 83: 155-161.

Wilson, C.L., E.L. Ghaouth, A. Ghaluts, S. Droby, C. Stevens, J.L. Lu, V. Khan and J. Arul. 1994.
Potential of induced resistance to control postharvest disease of fruits and vegetables. Plant Disease, 78:
837-844.

Xin, T., X. Wang, H. Peng, Y. Yao, Ch. Xie, Y. Han, Zh. Ni and Q. Sun. 2012. Transcriptome Comparison
of Susceptible and Resistant Wheat in Response to Powdery Mildew Infection. Genomics Proteomics
Bioinformatics, 10: 94-106.

Zhang, K., L. Zhao, Y. Hai, G. Chen and J. Tian. 2008. QTL Mapping for Adult Plant Resistance to
Powdery Mildew, Lodging Resistance, and Internode Length Below Spike in Wheat. Acta Agronomic
Sinco, 34: 1350-1357.

Zhang, D. and P.C. Quantick. 1998. Antifungal effects of chitosan coating on fresh strawberries and
raspberries during storage. Journal of Horticulture and science Biotechnology, 73: 763-767.

Zeighaminejad, R. and Gh.R. Sharifi Sirchi. 2013. Study of PR gene expression and activity of effective
enzymes in induced resistance to powdery mildew by salicylic acid. Agricultural Biotechnology, 5(1): 97-
110.


http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-18 ]

[ DOI: 10.29252/jch.11.32.124 ]

Journal of Crop Breeding Vol. 11, NO 32, WINEr 2020 ...........ooooiieieieieeeteieiinieteeirietes s e et e eeeee e e e enese e eaieaeenenenenennenn 132

Effect of Chitosan on the Expression Pattern of Some Pathogenecity Related Genes
in Wheat Infected with Powdery Mildew

Mansoure Rahneshan', Fakhtak Taliei?, Leila Ahangar®, Hossein Sabouri® and
Shaban Kia*

1- M.Sc. Student of Biotechnology, Gonbad Kavous University
2- Assistant Professor, Gonbad Kavous University, (Corresponding author: Taliei@gonbad.ac.ir)
3 and 4- Assistant and Associate Professor, Gonbad Kavous University Gorgan Reaserch center of Agriculture and
Natural Resources
5- Instructor of Research, Golestan Province Agricultural and Natural Resources Research Center
Received: January 8, 2018 Accepted: September 30, 2018

Abstract

Powdery mildew, caused by Blumeria graminis f.sp tritici, known as a destructive disease
of wheat worldwide that led to severe crop loss, annually. As chemical control is expensive and
not ecologically safe, application of non-toxic chemicals to induce defense mechanism in plant
host is desirable. In present study, induction of host resistance using chitosan on the expression
of pathogenicity related gene was investigated. The expression rate of PR/, PR2 and PRS5 in wheat
treated with chitosan (0, 250 and 500 mg/L) were examined in factorial completely randomized
design with three independent replications at 5 time courses using Real Time PCR technique Based
on the results, the number of mildew colony in wheat leaves treated with chitosan 250 mg/L was
decreased 42.3% than control. Results of qPCR indicated that in treated plants, the gene
expression were increased significantly after infection, for all three genes. Maximum expression
level of genes were observed at 12 hours after infection. This process was observed slowly in
control plants but in treated plants induction of plant defense genes seemed more faster than
control. Furthermore chitosan 250 mg/L induced plant defense gene more effectively than
chitosan 500 mg/L. The results would support the idea that application of chitosan can play an
important role in inducing systemic resistance in wheat plants against powdery mildew disease.

Keyword: Chitosan, Induced Resistance, Pathogenecity Related Genes, Powdery Mildew


mailto:Taliei@gonbad.ac.ir
http://dx.doi.org/10.29252/jcb.11.32.124
http://jcb.sanru.ac.ir/article-1-896-en.html
http://www.tcpdf.org

