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Abstract

Objective

Rice is a staple food for half the world's population. The sheath blight disease caused by
Rhizoctonia solani poses a significant threat to rice production. While fungicides are commonly
used to control plant diseases, they pose significant risks to human health and the environment.
Therefore, finding biocompatible compounds that are effective in disease control is essential.
Chitosan, a biocompatible compound, has been demonstrated in various studies to reduce damage.
The objective of this research is to explore the induction of resistance in two domestic varieties

of rice using chitosan against the fungus responsible for pod burn.
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Materials and methods

In the research, rice seedlings (cultivar Tarom and Khazar) were cultured and treated with
chitosan. After 48 hours, the seedlings were infected with R. solani. Samples were collected at 0,
24, 48, 72, and 96 hours after the pathogen treatment. Total RNA was extracted from the samples,
and cDNA was synthesized. Gene transcript analysis was conducted using the qPCR technique
with specific primers PAL, LOX, PR1, PR3, and PR5 genes.

Results

The variance analysis results indicated that changes in the expression levels of PAL, LOX, PR1,
PR3, and PR5 genes were significant across all sources. Significant differences were observed in
the expression levels of all genes. This suggests that genes in the resistant cultivar have a higher
expression potential compared to the sensitive cultivar, leading to faster and more extensive-
expression during contamination.

Conclusions

In this study, chitosan increased the expression of PAL, LOX, PR1, PR3 and PR5 genes in treated
plants compared to control plants. The results of this study demonstrate that applying one gram
per liter of chitosan to the aerial parts of plants induces proteins related to pathogenicity and
creates physical and chemical barriers against pathogens. Consequently, it can be utilized in
agricultural management to decrease R. solani contamination in rice and is a viable alternative to
fungicides.
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= (Lim et al. 2013) el (Pathogenesis Related genes; PRS) 5w b L clay; ol waoglio
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2l lislon Jelse pln )0 (aliasd 9 (So3d law JSis 4 e 5 (Stanley-Raja et al. 2021) 55i 00 olols
.(Bautista et al. 2003) 5,5 .-
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(¥ Jgia) 22255 1,5 oslizal 3,50 Gun clasj gt 4 PAL 3 LOX PR5 PR3 PRIl

Real-time PCR iS1y o2lbd «gls .Y Jgas

Table 1. Real-time PCR reaction temperature cycle

Cycle JSww Time yl; Temperature(°C) ba Step Name dlo yo oU
43,85 10 .
1 95 Denaturation  ¢;lwcs ywls
Minute
456 15 )
95 Denaturation (¢ ;lucus yulg
40 Second
48,85 1 Uy [ Jlasl
60
Minute Annealing/Extension
456 15 )
95 Denaturation (¢ ;lucus yulg
Second
agd>l .
60 Annealing s
1 Minute
456 15 )
95 Extension i s
Second

LOX «PAL sl ol Ol}zﬁ 5 ub.u:u glie oolad )0 baylos gl as sly ol Y Jy\; 5 ()ujl{.)]s 430 ol
o 0 o 43,5 )5 iolojl 3590 p8,] a5 ol _ixe ol 4 ilite <l 1 g0 I3 sixe 3¢ )l sxe PR5 9 PR3 (PR1

ol 039y yidin )35 o8 & Camd sla o Glise p)lb o8 13 &S (gygb 4 Wby (LS Fglite (sla 5STy
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Table 2. The primers used in real time PCR assays

askid Jgb S JIg B
XWPRE Primer sequence Gene name
Amplicon
size (bp)
) Skl
5-ATGATAACTCGACGGATCGC-3'
Sense Primer 18SrRNA (3
169 .
Sy Skl 18S rRNA gene
5'-CCTGGATGTGGTAGCCGTTT-3'
Antisense Primer
s,y Skl
5-AGGCGTTCGCGGAGAACTA-3'
Sense Primer PR1 &;
92 )
Sy Skl PR1 gene
5-GAAGAGGTTCTCGCCAAGGTT-3'
Antisense Primer
s,y Skl
5-TACTGTGTCCAGAGCTCGCAGTGG-3'
Sense Primer PR3 (;
165 )
Sy Skl PR3 gene
5-TCTGGTTGTAGCAGTCCAAGTTGG-3'
Antisense Primer
sy Skl
5-ACCTCTTCCGCTGTCCTC-3'
Sense Primer PRS (;
241 )
Sy Skl PR5 gene
5-GAAGACGACTTGGTAGTTGC-3'
Antisense Primer
<) S5l
5-AGATGAGGCGCGTGATGAC-3'
Sense Primer PAL &;
185 -
Sy Skl PAL gene
5'-CATGGAAGTCGAGCATGAACA-3'
Antisense Primer
<) S5l
5-GGTGTTCTGCGAGGTGATGA-3' LOX 3
180 Sense Primer

LOX gene
5-AGGGTGGTGCTTCAGCTTGT-3'
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Table 3. Analysis of variance of gene expression was measured in a factorial experiment

using a completely randomized design

Slaspo Sl )3
Ol s 29lio
Mean square d"}i
PR5 PR3 PR1 LOX PAL Source of variation
DF

1.636** 12.177** 9.322%** 0.833** 12.186* 1 s

Treatment
0.990%* 5,557+ 6.045% 4.603** 4.762% 4 olej

Time
0.165** 8.763** 0.847** 3.937** 11.952%* 1 o)
Cultivar
0.360** 4,713% 3.536** 0.483** 5.391** 4 olei X e
Treatment X Time
0.001** 5.797** 0.007** 0.101** 3.800** 1 w8, X Jles
Treatment X Cultivar
0.889** 3.750%* 2.230%* 1.569%* 8.252%* 4 9y X ko
Time X Cultivar

0.643** 2.177** 0.431** 0.041** 7.069%* 4 w9, X o3 X jles

Treatment

X Time X Cultivar
0.004 0.003 0.001 0.001 0.001 40 &L‘,j clbs
Error

8.111 5.376 4,212 4.746 3.518

Significant at 1% level of probability s

Pl g ()9S b oad Jlowi oyl o8 g sladigr ) :(PAL) W L:;S‘i Oﬁsm Je8 o5 ol N (w2

ol ol Oliee idier 9 0392 2l VOV 9 VAR i 4y o o 4 Cand PAL (5 ol (Sl gy sl VY cnls

27 9 lisS L oad Jlag )35 o) g Sadin > s sl o3gy (S3gll 5l sl VY 5 1558 L o e )b 5 5
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) JS5) Canl 03y Aald 535 4 G

PR5 5 PR3 PR1 (LOX PAL glayy3 45 W lowi o cesileo dunnylio £ Jou

Table 4. Average comparison between treatments PAL, LOX, PR1, PR3 and PR5 genes

PR5 PR3 PR1 LOX PAL J%;
0.972 1.532 1.19% 0.93% 1.60% Chitosane ljg28
0.64° 0.63° 0.40° 0.7° 0.7° R. solani LigiSs5s

Bl (gls me BMSI LSD 90l 51 ookl b do 15 o Jlosin] o )3 ygiar p )3 S yidie gy b b uSileo

The meanings of the same letters in each column not have a significant difference

PR5 5 PR3 (PR1 LOX PAL (5l 5 » ilime 93 Bedy oy (Sl dunnslin .0 Jous

Table 5. Comparison of the average between numbers in PAL, LOX, PR1, PR3 and PR5

genes
PR5 PR3 PR1 LOX PAL Cultivar 3,
0.86* 1.47° 0.91° 1.07¢ 1594 Tarom ¢,
0.75% 0.70° 0.67° 0.56" 0.70° 3
: : : : : Khazar ;>

B, ()l xe OMBILSD yg0jl 5l ookl b o p3 o Jloin] o )3 (gt yo 1> S yidiio g y> b b Silio

The meanings of the same letters in each column not have a significant difference

(PAL) W Ligel sV Jus (Pellegrini et al. 1994) cul ;lals 15 ol pae o5 o PAL sS85
Saligus il 5 oo 15 (50 3B 1) gl Solis il 5 V1 S I o5 a8l St o 53 & ol a3l
IS PAL culled pdaws g o0 )5 ko m2les plp 50 56 5w 4 e &5 0l Cilisio (g jtwan (W e 3)ly duuwl
ok O LS 5 ol &5 )00 €80 5 LS gl 29,50 w5 S8 5 i ) PAL el baudgiligyy Jotd i 8
b anslsl a8 cunl o0l 5,055 (Waewthongrak et al. 2015) 1S o ) LS slos)low 4 Cuoglio slaguwl
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Figure 1. The mRNA transcript levels of PAL (a), LOX (b), PR1 (c), PR3 (d), and PR5 (e)

genes in Tarom (Resistance) and Khazar cultivars were analyzed in both control and

chitosan-treated plants over hours post-inoculation with R. solani
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