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ABSTRACT

Blast, caused by Pyricularia oryzae, has been regarded as one of the most
critical diseases in rice plants (Oryza sativa). Seeking a list of candidate genes
is a major step for resistance breeding programs. In this study, at least 24
RNA-Seq datasets related to blast disease infection in rice plants have been
obtained from databases. Among them, four microarray datasets obtained
from blast-infected leaf samples in Indica rice varieties, including GSE122258,
GSE126961, GSE78266 and GSE39635 were selected for further in silico
analysis. Particularly, a total of 216 differentially expressed genes in blast-
treated leaves were obtained by exploring four microarray atlas. Among them,
at least 32 blast-responsive genes that exhibited similar expression patterns
were selected for further bioinformatics analysis. Particularly, these
differentially expressed genes encode important transcription factors and
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Keywords: enzyme families. By using Expasy and Yloc tools, the physic-chemical
Bioinformatics, blast disease, properties of these proteins, including lengths, molecular weights, iso-electric
characteristic, differentially points and grand average of hydropathy were greatly variable and the majority
expressed gene, Pyricularia of these blast-responsive gene-encoding proteins was localized in the
oryzae, rice. cytoplasm and nucleus. To sum up, this current study has provided

Sfundamental knowledge about potential candidate differentially expressed

genes for further functional characterization of genes aiming to control blast

resistance in rice.

TOM TAT

Bénh dao 6n, gdy ra béi nam Pyricularia oryzae dwoc xem la mét trong
Tir khéa: nhitng tac nhdan gdy bénh véi ton thit nghiém trong nhat ¢ lia gao (Oryza

Bénh dao én, ddc tinh, gene c6 sativa). Viég tim kiém cdac gene hia ing vién la budc can thiét cfzo cong tdac
biéu hién khac biét, hia gao, Chon tao giong khang bénh dao 6n. Trong nghién ciru ndy, it nhat 24 dir liéu
Pyricularia oryzae, tin sinh hoc. RNA-Seq lién quan dén lay nﬁiém b;énh dao on trén cay lua ddﬂwac thu thc;ip
tir cac co so di lieu. Trong so do, bon dir liéu microarray tie mau la ldy nhiém
bénh dao 6n & cac giong lia Indica, bao gom GSEI122258, GSEI126961,
GSE78266 va GSE39635 dd dwoc lwa chon cho cdac phan tich in silico tiép
theo. Cu thé, t(fng $6 216 gene co biéu hién khac biét da duoc sang loc tir cdac
dit liéu microarray lién quan dén 1dy nhiém bénh dao on trén cdy lia. Trong
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do, tong so 32 gene dap wng co xu hwong biéu hién twong tw nhau da duoc
lwa chon dé tién hanh cac phan tich tin sinh hoc. Cac gene co biéu hién khdc
biét méd héa cho nhom nhdn t6 phién ma va enzyme quan trong. Bang céng
cu Expasy va Yloc, cac tinh chdt Iy héa, bao gom kich thude, trong lirong
phan tir, diém dang dién va d¢ wa nude trung binh ciia protein da dang va
da $6 cdc phdn tir ndy phdn bé tai té bao chat va nhan té bao. Két qua ciia
nghién ciru nay da cung cdp thong tin vé gene cé biéu hién khdc biét irng
vién cho phén tich chitc ndng gene nham kiém sodt tinh khang bénh dao 6n

o lua.

1. INTRODUCTION

Rice (Oryza sativa), a fundamental cereal
crop with a history dating back over 10,000
years to the Yangtze River basin in China and
the Ganges River delta in India [1], is a crucial
dietary staple for over half the world's
population, valued for its adaptability to diverse
environments and high caloric yield [2].
Beyond its nutritional significance, rice has
deep cultural and economic importance,
especially in Asian societies [3], symbolizing
prosperity and fertility and forming the primary
income source for numerous smallholder
farmers [3, 4]. However, rice production faces
significant challenges, notably the blast disease
caused by Pyricularia oryzae [5], which leads
to major yield losses and poses a threat to global
food security [6]. In Vietnam, the total area
impacted by blast disease in 2012 was
approximately 366,412 hectares, of which
11,400 hectares were affected by severe
infections and at least eight hectares were
completely lost; milling output was reduced by
10 - 25% [7]. This critical disease, characterized
by lesions on various plant parts, necessitates
costly and  environmentally  impactful
management strategies, highlighting the need
for sustainable practices [5]. Research efforts
are thus directed towards developing resistant
rice varieties, employing improved agricultural
techniques, and exploring eco-friendly disease
control methods, underscoring the criticality of
a multifaceted approach to ensure the
continuous, sustainable cultivation of this
essential global food source [4].

Concurrently, there is an intensified focus on

elucidating  the  pathogen's  biological
characteristics,  particularly  its  genetic
variability = and  infection = modalities.

Refinements in agronomic practices, including
crop rotation, strategic timing of planting,

meticulous water management, and judicious
fertilization, are being pursued to mitigate
disease impact. Current research endeavors in
the realm of rice blast disease management,
attributable to P. oryzae, adopt a holistic
strategy. This encompasses the development of
genetically resistant rice cultivars, leveraging
both conventional breeding methodologies [8]
and  cutting-edge  genetic = modification
techniques such as CRISPR/Cas9 [9]. To date,
the significance of regulatory proteins and
functional proteins in the response mechanism
to blast disease in plants has been understood
[10]. The majority of the responsive genes were
found to encode transcription factors, metabolic
enzymes, and transport proteins via the
phytohormone signaling pathway [11]. The
recent advancement of RNA-Seq technology
has enabled the investigation of gene
transcription  levels under experimental
conditions. For example, analysis of gene
expression levels in the mutant rice line
MIR7695-Ac showed 281 differently expressed
genes (153 and 128 induced and reduced genes,
respectively) under blast fungal infection
circumstances [12]. Similarly, other studies
have used microarray data to investigate gene
expression in the rice genome in response to
artificial blast infection [13-15]. Although blast
resistance genes have been identified in the rice
genome [6], recent microarray data [12-15]
combined with the available rice assembly [16]
can enable to screening and listing of differently
expressed genes associated with blast disease,
thereby providing candidate genes for
functional analysis.

There has been little genetic research on blast
resistance genes in Vietnamese rice varieties.
Four resistance genes, Pil, Pik-h, Pita, and an
unknown gene, were discovered in the genetic
background of the Vietnamese landrace ‘Té¢
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tép’, which was previously known to be
resistant to blast disease [17]. It discovered the
resistance gene, namely Pi-VT7, in the
Vietnamese landrace 'Chiém bac' on
chromosome 12 in the same location as Pita and
Pil2(t) [18]. After screening 500 accessions
from the Mekong River Delta in South Vietnam,
at least 23 highly resistant cultivars and 80
moderately resistant cultivars have been
discovered [19]. However, the survey of blast-
responsive genes at the genome scale has been
not considered. In this present study, a
comprehensive search was performed against
the datasets related to blast disease infection in
rice plants. A potential list of highly responsive
genes related to blast disease infection in rice
plants was provided. The annotation of each
gene was then investigated by using the rice
assembly. Finally, the features and predicted
subcellular localization of these putative genes
were fully-characterized.

2. RESEARCH METHODOLOGY

2.1. Materials

Recent rice assembly, including genome and
proteome [16] has been explored in the NCBI
(NCBI  accession: PRINA1040485) and
Phytozome databases (Phytozome genome
identifier: 323) [20]. All microarray datasets
related to the blast disease infection in rice
plants were sought against the NCBI GEO
portal [21].

2.2. Methods

- Screening of microarray datasets: To seek
all datasets related to the blast disease infection,
the NCBI GEO portal [21] was used as
previously described [22] with minor changes.
Particularly, two keywords, like “blast disease”
and “Oryza sativa® were used to collect all
putative datasets related to the blast disease
infection in rice plants. All necessary
information, including samples, cultivars and
platforms was collected for further analysis.

- Re-analysis of microarray datasets: All
datasets were analyzed by using R script [23] as
previously described [22]. In this study, an up-
regulated gene was defined as fold-change >
2.0, whereas a down-regulated gene was
considered as fold-change <-2.0. Among them,
the fold-change was calculated as the ratio

between the Fragments Per Kilobase of
transcript per Million mapped reads in treated
samples and those in controls [22]. The
overlapped genes were sorted by using the
VennPainter tool [24].

- Annotation of differently expressed genes:
All potential genes were retrieved against the
genome and proteome of rice [16] available in
NCBI and Phytozome databases [20] to gain the
full-length protein sequence and coding DNA
sequence. Gene function was predicted by using
the Blast2GO software [25] as previously
reported [22]. The conserved domain of each
protein was validated by using the Pfam
database [26].

- Analysis of protein features: The common
characteristics of each protein were identified as
previously described [22, 27]. Briefly, the full-
length protein sequence was analyzed via the
Expasy Protparam tool [28]. Four features,
including molecular mass (kilo Dalton, kDa),
protein length (amino acid residues), iso-
electric point and grand average of hydropathy
were estimated. Among them, iso-electric point
< 7, =17 and > 7 exhibited acidic, neutral and
base, while the grand average of hydropathy <
0 and > 0 exhibited hydrophilicity and
hydrophobicity [28].

- Prediction of subcellular localization of
proteins: All full-length protein sequences were
searched against the Yloc web-based tool [29]
to seek organelle-specific signal peptides as
previously described [27]. Based on the signal
peptides, major organelles, including the
nucleus, cytoplasm, mitochondrion, plasma
membrane, extracellular space, endoplasmic
reticulum, peroxisome, Golgi apparatus,
vacuole and chloroplast were targeted for the
plant model [29].

3. RESULTS AND DISCUSSION
3.1. Exploration of all microarray datasets
related to the blast disease infection in rice

In order to get insight into the molecular
mechanism of how rice plants respond to
artificial blast disease, all microarray datasets
were screened in the NCBI GEO tool [21]. As a
result, a total of 24 RN A-Seq datasets related to
the blast disease infection in rice plants have
been fully reported (Figure 1).
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Figure 1. Summary of 24 microarray datasets related to the blast disease infection in rice

Particularly, 20 (out of 24) datasets were
recorded in infected leaf samples, whereas two
(out of 24) datasets were analyzed in roots from
infected rice plants (Figure 1A). Next, a number
of datasets (13 out of 24) was collected from
Indica rice varieties, whereas six (out of 24)
datasets were obtained from Japonica rice
varieties (Figure 1B). The remaining datasets
(five out of 24) were recorded in unknown rice
varieties. Finally, four platforms, including
Affymetrix rice genome array (six out of 24),
custom GER rice oligoarray (one out of 24),
[llumina Hiseq (nine out of 24) and rice gene
expression 4x44K microarray (eight out of 24)
were used to perform these RNA-Seq datasets
(Figure 1C). In this study, the criteria of
selection was based on the platform, sample and
rice variety. As expected, four microarray
datasets obtained in infected leaf samples from
Indica rice varieties, including GSE122258
[12], GSE126961 [13], GSE78266 [14] and
GSE39635 [15] were selected for further in
silico analyses.
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Previously, in order to investigate the
molecular mechanism of how rice plants
respond to cytokinin, at least five distinct RNA-
Seq datasets of cytokinin-treated roots were
selected for re-analysis [30]. Kong et al. (2019)
reported a core collection of salt-responsive
genes in various rice genotypes during the
seedling period by re-analyzing 96 RNA-Seq
datasets [31]. A similar approach has been
explored to identify a set of genes involved in
iron homeostasis in rice [32]. These principles
of collecting data were slightly similar to this
present study.

3.2. Establishment of a core set of
differentially expressed genes under the blast
disease infection in rice

To provide a core set of differentially
expressed genes in blast disease-infected leaf
samples, four RNA-Seq datasets in previous
studies [12-15] were re-analyzed and overlapped
all results. By using R script [23], a total of 216
highly responsive genes (|fold-change| > 2) was
found in four datasets (Figure 2).
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Figure 2. Expression profiles of a core set of differentially expressed genes
in blast disease-infected leaf samples
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In this study, 32 differentially expressed
genes exhibited similar expression patterns in
four datasets (Table 1). Among them, eight (out
of 32) genes were up-regulated in all treatments,
whereas 24 (out of 32) genes were down-
regulated in four datasets. Particularly,
Os06g0278000 was noted to exhibit the highest

level of expression in blast-infected leaf
samples, by approximately 101,83-fold),
whereas Os03g0423300 was the most reduced
gene (approximately -1203,82-fold). All
detailed expression levels of 32 blast-responsive
genes were well-described in Table 1.

Table 1. Expression profiles of a core set of 32 differentially expressed genes
in four microarray datasets

No. GenelD GSE39635 GSE78266 GSE126961 GSE122258
1 0s03g0172100 2,22 22,34 18,84 2,18
2 0s04g0606200 2,14 17,60 3,29 2,17
3 Os06g0174700 4,42 7,89 9,01 7,58
4 Os06g0278000 2,59 6,49 101,83 3,22
5 Os06g0714800 9,75 3,04 6,44 3,52
6 0s09g0498500 3,74 3,91 6,50 3,06
7 Os10g0364900 2,03 6,75 12,71 3,37
8 Os11g0569600 3,49 3,24 101,43 8,68
9 0s01g0293000 -4,05 -2,61 -40,34 -56,92
10 Os01g0370900 -2,53 -5,24 -2,90 -6,82
11 0s02g0214900 -2,16 -2,87 -2,95 -7,64
12 0s02g0258300 -2,09 -3,91 -113,66 -8,18
13 0s02g0320800 -2,07 -2,51 -3,35 -7,68
14 0s03g0266900 -2,83 -16,32 -3,65 -3,19
15 0s03g0416500 -2,99 -2,03 -20,70 -3,37
16 Os03g0423300 -9,88 -2,63 -1203,82 -55,43
17 Os03g0752800 -2,29 -2,40 -260,10 -6,73
18 Os04g0121100 -3,46 -7,51 -1,70 -2,94
19 0s04g0690500 -2,15 -2,36 -6,91 -4,70

20 Os05g0406800 2,11 -4,06 -23,33 -2,65
21 Os05g0477600 -4,15 -6,94 -2,56 -4,03
22 0s06g0212900 -2,16 -10,93 -21,05 -8,66
23 Os07g0122000 -79,64 -5,43 -11,82 -5,91
24 Os07g0440100 -3,01 -33,85 -10,15 -4,99
25 0s07g0663600 -3,49 -25,63 -7,41 -2,80
26 0s08g0452500 -2,55 -3,87 -16,77 -3,99
27 Os09g0437100 -2,03 -11,86 -24,97 -8,47
28 050920502100 -2,22 -2,39 -55,30 -5,05
29 Os10g0540800 -4,21 -2,73 -136,03 -10,81
30 Os10g0556100 -2,26 -16,99 -9,08 -2,98
31 Os11g0106900 -3,40 -14,44 -26,30 -2,53
32 Os12g0143800 -4,83 -3,92 -9,74 -2,54

Previously, a core set of responsive genes
was also recorded in rice plants under adverse
environmental conditions. For example, at least
291 differentially expressed genes, including
205 induced and 86 reduced genes have been
found in cytokinin-treated roots in rice plants
[30]. Meanwhile, in order to investigate the salt
stress response in rice plants at the molecular
scale, a total of 5559 key genes were found to
be highly altered under salt stress, and 3210
differentially expressed genes were found

during the recovery process [31].
3.3. Annotation of a core set of differentially
expressed genes under the blast disease
infection in rice

In this study, 32 differentially expressed
genes were continued to analyze their potential
function via Blast2GO [25] and Pfam tools [26].
As expected, a majority of blast-responsive
genes (22 out of 32) was found their putative
function, of which 9 and 13 genes encoded
regulatory and functional proteins, respectively.
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In contrast, 10 (out of 32) differentially
expressed genes, including Os04g0606200,

Os06g0174700,
Os10g0364900,

0s06g0714800,
Os04g0121100,

Os04g0690500, Os07g0122000, Os07g0440100,
050920502100 and Os10g0540800 were not
fully-annotated (Table 2).

Table 2. Gene function of a core set of 32 differentially expressed genes

in four microarray datasets

No. GenelD Gene function Categorization
1 Os03g0172100 Leucine zipper protein Regulatory protein
2 Os04g0606200 - -
3 Os06g0174700 - -
4 Os06g0278000 Glucoamylase Functional protein
5 Os06g0714800 - -
6 Os0920498500 FAD dependent oxidoreductase Functional protein
7 Os10g0364900 - -
8 Os11g0569600 Receptor kinase-like protein Functional protein
9 Os01g0293000 S-adenosylmethionine synthetase 1 Functional protein
10 Os01g0370900 Glutathione transferase Functional protein
11 Os02g0214900 Class-I type histone deacetylase Functional protein
12 O0s02g0258300 Zinc finger Regulatory protein
13 O0s02g0320800 Iron/ascorbate-dependent oxidoreductase Functional protein
14 050320266900 Heat shock protein Regulatory protein
15 Os03g0416500 6-phosphogluconolactonase Functional protein
16 Os03g0423300 Stearoyl-acyl carrier protein desaturse Functional protein
17 Os03g0752800 MADS-box transcription factor Regulatory protein
18 Os04g0121100 - -
19 Os04g0690500 - -
20 Os05g0406800 Leucine-rich repeat Regulatory protein
21 Os05g0477600 Alpha-expansin Functional protein
22 Os06g0212900 Heat shock protein Regulatory protein
23 Os07g0122000 - -
24 Os07g0440100 - -
25 Os07g0663600 Short-chain dehydrogenase/reductase Functional protein
26 Os08g0452500 Auxin responsive SAUR protein Regulatory protein
27 Os09g0437100 Auxin responsive SAUR protein Regulatory protein
28 050920502100 - -
29 Os10g0540800 - -
30 Os10g0556100 Beta-expansin Functional protein
31 Os11g0106900 Lateral organ boundaries Functional protein
32 Os12g0143800 Disrupted meiotic cDNA 1 protein Regulatory protein
Note: -: Unknown function.
This analysis indicated that 22 (out of 32)  specific  transcription  factor  families.

blast-responsive genes were annotated to
function as transcription factors and specific
enzymes related to the reduction of reactive
oxygen species. Particularly, seven (out of 22)
annotated genes, including Os03g0172100
(encoded Leucine zipper protein),
Os02g0258300  (encoded  zinc  finger),
050320266900 and Os06g0212900 (encoded
Heat shock protein), Os03g0752800 (encoded
MADS-box), Os08g0452500 and
Os09g0437100 (encoded Auxin responsive
SAUR protein) were recorded to encode plant-

Meanwhile, this current study revealed several
blast-responsive genes related to enzymes
involved in cellular metabolism. For example,
Os06g0278000 encodes glucoamylase, which
was demonstrated to degrade protein molecules
[33]. Previously, Os0620278000 was also
reported to be highly expressed under the
submergence stress condition [33].

Recently, the function of the core set of
responsive  genes related to  adverse
environmental conditions has been investigated.
For example, the core set of cytokinin-
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responsive genes was recorded to include
cytokinin oxidases/dehydrogenases and the
type-A response regulators [30]. To understand
the responsiveness of rice plants against salt
stress conditions, a gene ontology has been
performed in a collection of differentially
expressed genes [31]. More specifically, the key
salt-responsive genes encoded the mitogen-
activated protein  kinase, Ca?"  signal
transduction pathway, transcription factors and
other important functional proteins [31].

3.4. Characterization of a core set of
differentially expressed genes under the blast
disease infection in rice

To understand the characteristics of a core
set of differentially expressed genes under the
blast disease infection in rice, the physic-
chemical features and sub-cellular localization
of each protein molecule were then analyzed by
using various bioinformatics tools [28, 29]. All
features and sub-cellular localization of 32
proteins were provided in Table 3.

Table 3. Protein feature and sub-cellular localization of a core set of 32 differentially
expressed genes in four microarray datasets

No. Protein name Features Sub-cellular
L mW pl GRAVY localization
1 0s03g0172100 82 8.23 4.93 0.31 C
2 050420606200 71 7.60 9.36 0.13 C
3 0s06g0174700 407 42.60 9.20 -0.55 N
4 0s06g0278000 333 36.64 5.17 -0.24 v
5 0s06g0714800 136 14.63 6.83 -0.41 C
6 050920498500 416 43.98 5.86 -0.11 P
7 0s10g0364900 80 9.23 6.82 -1.21 N
8 0Os11g0569600 1102 118.08 6.19 0.07 v
9 0s01g0293000 396 43.31 522 -0.27 C
10 0s01g0370900 248 28.15 9.78 -0.08 C
11 0s02g0214900 510 56.50 5.54 -0.47 N
12 050220258300 842 93.05 7.29 -0.77 N
13 050220320800 302 33.89 5.88 -0.45 C
14 050320266900 154 17.37 6.18 -0.71 C
15 0s03g0416500 296 33.27 4.96 -0.35 C
16 0s03g0423300 418 45.37 7.77 -0.21 Chl
17 0s03g0752800 246 28.42 9.12 -0.77 N
18 0s04g0121100 752 81.25 6.50 -0.04 v
19 0s04g0690500 227 24.69 10.35 -0.54 C
20 0s05g0406800 394 42.03 5.24 0.23 PM
21 0s05g0477600 246 25.88 8.13 -0.12 ExS
22 050620212900 470 50.53 6.64 0.03 ER
23 0s07g0122000 414 47.02 5.81 -0.40 C
24 0s07g0440100 422 32.95 10.49 0.07 PM
25 0s07g0663600 302 31.37 6.71 0.14 Chl
26 0s08g0452500 133 14.17 6.19 -0.18 M
27 0s09g0437100 165 16.64 8.78 -0.20 Chl
28 0s09g0502100 401 43.70 4.68 -0.90 N
29 0Os10g0540800 853 95.56 6.39 -0.11 C
30 0s10g0556100 286 31.36 5.96 -0.32 ExS
31 Os11g0106900 156 17.40 6.42 -0.25 N
32 Os12g0143800 344 37.54 6.04 -0.10 N

Note: L: Length (amino acid residues), mW: Molecular weight (kDa), pl: Iso-electric point, GRAVY:
Grand average of hydropathy, C: Cytoplasm, N: Nucleus, M: Mitochondrion, ExS: Extracellular space, PM:
Plasma membrane, V: Vacuole, Chl: Chloroplast, ER: Endoplasmic reticulum, P: Peroxisome.

It has been found that the sizes of proteins
were varied from 71 (Os04g0606200) to 1102
amino acid residues (Os11g0569600). The
molecular masses of 32 proteins ranged from 7,6
to 118,08 kDa. A majority of proteins (22 out of

32) exhibited iso-electric points < 7.0, ranging
from  4.68  (0s09g0502100) to  6.83
(Os06g0714800). The remaining proteins, (10 out
of'32), including 0s02g0258300, Os03g0423300,
0s05g0477600, Os09g0437100, Os0320752800,
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0s06g0174700, Os04g0606200, Os01g0370900,
0s04g0690500 and Os07g0440100 had iso-
electric points > 7.0. Next, a large number of
proteins (25 out of 32) had the grand average of
hydropathy < 0, ranging from -1.21
(Os10g0364900) to -0.04 (0Os04g0121100),
whereas seven (out of 32) proteins, including
050620212900, Os11g0569600, Os07g0440100,
050420606200, Os07g0663600, Os05g0406800
and Os03g0172100 exhibited the grand average
of hydropathy > 0.

It has been believed that the sub-cellular
localization of proteins could reveal the potential
function of these molecules [34]. Thus, the sub-
cellular localization of 32 proteins was predicted
and well-described in Table 3. Particularly, 11
(out of 32) proteins were localized in the
cytoplasm, while eight (out of 32) proteins were
distributed in the nucleus. Additionally, three
proteins, including 0s06g0278000,
0Os04g0121100 and Os11g0569600 were
predicted in vacuole, while three proteins, such
as  0s03g0423300, 0Os09g0437100 and
0s07g0663600 were found in chloroplast. Two
proteins, including  Os07g0440100 and
0s05g0406800 were noted to be localized in the
plasma membrane, while Os10g0556100 and
Os05g0477600 were suggested to be in
extracellular space. Finally, Os09g0498500 was

localized in the  peroxisome,  while
Os08g0452500 and Os06g0212900 were
distributed in the mitochondrion and

endoplasmic reticulum, respectively. The
prediction of sub-cellular localization of protein
molecules could be important evidence for
further analysis of interaction with 4vr genes
from pathogens [35]. For example, Pi54, a blast-
resistant gene, encoded a cytoplasm-specific
protein [35]. Overexpression of GFP::Pi54
confers blast disease resistance in rice [35].
4. CONCLUSION

In this study, a meta-analysis of
transcriptomic studies of blast disease-treated
rice leaf samples was performed to define a core
set of blast-responsive genes. Particularly, a
total of 24 RNA-Seq datasets related to blast
disease infection in rice plants was intensively
surveyed to select four suitable microarray
datasets for re-analysis. A core set of 32 blast-
responsive genes, which mostly include genes
encoding transcription factors and specific

enzymes related to the reduction of reactive
oxygen species was proposed. Next, the
structural analysis indicated that these 32
proteins were variable in sizes, masses, iSo-
electric points, grand average of hydropathy and
sub-cellular localization. To sum up, further
studies may extend this data to demonstrate the
potential functions of wunannotated blast-
responsive genes.
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