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Response of Some Rice Varieties against the Fungus, Exserohilum rostratum,

Causing Leaf Spot Disease on Rice and Expression of Plant Hormone

Responsive Genes in Rice during Infection
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ABSTRACT

Exserohilum rostratum is an ascomycete fungus causing leaf spot on rice and rice seed
discoloration in rice-growing areas of several countries. The objectives of this study were to
evaluate the response of some rice varieties against E. rostratum and to analyse the expression
of plant hormone-responsive genes during infection. Five different rice varieties, Khao Dawk
Mali 105 (KDML105), RD31, RD41, Pathum Thani 1, and Jao Hom Nin (JHN) were inoculated with
each representative E. rostratum isolate (n=10). Results showed that JHN exhibited the lowest
level of disease severity whereas KDML105 displayed the greatest disease severity when
infected by E. rostratum. Subsequently, these two varieties were analysed to elucidate their
respective defense mechanisms against E. rostratum. Expression of plant hormone-responsive
genes, including OsPR1b and OsPBZ1 (salicylic acid-responsive defense genes), JiOsPR10
(jasmonic acid-responsive defense gene), and OsEBP89 (ethylene-responsive gene), were
examined with quantitative real-time RT-PCR in KDML105 and JHN inoculated with E. rostratum
at 24, 48, and 72 hours. The findings demonstrated that all of the tested genes were
upregulated, with the highest levels observed mostly at 24-48 hours after inoculation in both
rice varieties, indicating the involvement of these rice genes in response to E. rostratum
infection. Indeed, the mechanism of rice resistance to E. rostratum may not be regulated
through the jasmonic acid and ethylene signaling pathways. In summary, this study provides
information on the potential rice leaf spot resistant variety and fundamental insights

contributing to an enhanced comprehension of rice defense mechanisms against E. rostatum.
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Table 1 Sequences of plant hormone responsive genes and reference gene specific primers

used for the real-time quantitative reverse transcription polymerase chain reaction

Gene Sequence (3’->5’)

Reference

Salicylic acid-responsive genes

OsPR1b F: GGCAACTTCGTCGGACAGA
R: CCGTGGACCTGTTTACA CA
OsPBZ1 F: CCCTGCCGAATACGCCTAA

R: CTCAAACGCCACGAGAATTTG

Duan et al., 2014

Liu et al., 2015

Jasmonic acid-responsive gene

JiOsPR1b

F: CGGACGCTTACAACTAAATCG
R: AAACAAAACCATTCTCCGACAG

De Vleesschauwer et al,, 2010

Ethylene-responsive gene
OsEBPS9

F: TGACGATCTTGCTGAACTGAA
R: CAATCCCACAAACTTTACACA

De Vleesschauwer et al,, 2010

Rice reference gene
OsActin
(Os03¢50890)

F: CAGCACATTCCAGCAGAT
R: GGCTTAGCATTCTTGGGT

Duan et al., 2014
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Table 2 Percentage of damaged leaf area of 5 rice varieties; Khao Dawk Mali 105 (KDML105),
Rice Department31 (RD31), Rice Departmentdl (RD41), Pathum Thani 1 (PTT1), and
Jao Hom Nin (JHN) after 72 hours separately inoculated with each isolates of

Exserohilum rostratum

Mean of damaged leaf area (%) on rice varieties

Isolate
KDML 105 RD31 RD41 PTT1 JHN
ER-SBR1 79.80 £ 5.72 al/ 33.60 + 4.26 d 65.72 + 276 b 46.96 + 4.24 c 6.22 +3.10 e
ER-CCO2 7534 + 6.69 a 44.02 £ 6.16 54.55 + 892 b 50.99 + 583 b 10.87 + 4.10d
ER-CCO4 73.23 £ 1297 a 46.01 £ 7.37 ¢ 52.32 £ 5.89 c 63.24 + 3.65 b 10.76 + 4.31d
ER-CCO6 77.68 + 3.96 a 4377 + 6.33 C 64.95+3.11b 64.53 + 3.59 b 3.94 +3.18d
ER-PTE2-1 7523 £ 5.68 a 2991 +451d 50.64 + 5.60 b 39.83 £ 6.68 C 580+392e
ER-PTE33-1 94.92 + 3.86 a 32.25 +5.92d 66.95 + 4.82 b 59.12 £ 8.26 16.02 = 6.88 e
ER-PTE33-2 80.13 £ 6.10 a 19.86 + 4.17d 3253 +583b 2691 +£3.69 c 253+ 15%e
ER-PTE35-1 73.80 £ 5.86 a 24.16 + 3.88 d 5190 + 810 b 36.43 £ 3.50 c 274 + 134 e
ER-BKK1-3 7031 £ 9.29 a 2932 £ 6.56 46.03 + 6.69 b 50.67 + 7.45 b 1.39 + 0.81d
ER-BKK12-9 84.81 + 3.44 a 3259 £ 592 c 4759 + 595 b 30.46 + 5.26 ¢ 415 +3.17d
Allisolates”  78.53 + 7.09 a 3355+8.68d 5332+1056b 4691 +13.28c¢ 6.44 + 4.67 e

“Means in the same row, followed by a common letter are not significantly different at the 5% level by DMRT

n=10

KDML 105 RD41

RD31

JHN

Figure 1 Rice leaf spot expression on the leaves of different rice verities after the infection of
the representative Exserohilum rostratum isolate PTE33-1; Disease formation on
Khao Dawk Mali 105 (KDML105), Rice Department31 (RD31), Rice Departmentdl
(RD41), Pathum Thani 1 (PTT1) and Jao Hom Nin (JHN) after 72 hours of E. rostratum
infection on 30-day-old leaves with detached leaf inoculation technique
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Figure 2 Gene expression analysis of salicylic acid (SA) responsive defense genes: OsPR1b (A)
and OsPBZ (B) in rice variety Khao Dawk Mali 105 (KDML105) (blue line) and Jao
Hom Nin (JHN) (red line) infected with Exserohilum rostratum isolate PTE33-1 at 0,
24, 48 and 72 hours; Relative expression levels of the target genes (OsPR1b and
OsPBZ1) were normalized to those of the rice Actin gene (OsActin); The bars
represent mean + SD from three technical replicates. Asterisk indicates significant
difference at P<0.05 between control tissue samples and infected tissue samples
as determined by t-test; Means followed by different letters are significantly
different among individual tissue samples with the treatment of E. rostratum at
different time points of inoculation as indicated by DMRT at P<0.05; Two
independent experiments of each gene were performed and their results were

separately presented (as the 1" and 2™ in the figure)
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Relative expression
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Relative expression
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Figure 3
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Gene expression analysis of jasmonic acid (JA) responsive defense gene, JiOsPR1b

(A) and ethylene responsive gene, OsEBP89 (B) in rice variety Khao Dawk Mali 105
(KDML105) (blue line) and Jao Hom Nin (JHN) (red line) infected with Exserohilum
rostratum isolate PTE33-1 at 0, 24, 48 and 72 hours; Relative expression levels of
the target genes (JiOsPR1b and OsEBP89) were normalized to those of the rice Actin
gene (OsActin); The bars represent mean + SD from three technical replicates;
Asterisk indicates significant difference at P<0.05 between control tissue samples
and infected tissue samples as determined by t-test; Means followed by different
letters are significantly different among individual tissue samples with the treatment
of E. rostratum at different time points of inoculation as indicated by DMRT at
P<0.05; Two independent experiments of each gene were performed and their

results were separately presented (as the 1" and 2" in the figure)
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