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Abstract:

Rice is a major staple food for more than two thirds of the world population. Pathogenesis-related
proteins-10 (PR10) have a range of 154 to 163 amino acid with molecular weight ~ 17 kDa. They are acidic
and generally intracellular and cytosolic proteins accumulate in plants in response to biotic and abiotic
stresses. In the present study, a PR10 gene and its corresponding protein were characterized in O. sativa,
O. barthii, O. glaberrima, O. glumipatula, O. meridionalis, O. nivara, O. rufipogon and O. punctata. The
results revealed a narrow range of variation at both DNA and protein levels in all examined species except O.
glumipatula. The latter showed a relatively obvious structural variation at protein level. Such variation may
be beneficial against different types of stress that requires further elucidation to exploit in rice breeding

programs.
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Introduction:

Rice is the second most important cultivated
world cereal crop occupying 167 million hectare
yielding 770 million ton a year (1). It is a major
staple food for about two thirds of the world
population having a balanced carbohydrates,
proteins and lipids content (2, 3). There is a
growing demand for rice production in addition to
biotic as well as abiotic stresses necessitate
production of novel cultivars having better
gualitative and quantitative agronomic performance
(4).

Only two Oryza species (O. glaberrima and O.
sativa) are cultivated but unhappily having a narrow
range of genetic diversity that do not exceed 20% of
that observed in wild Oryza species (5, 6).
Attempts are going to characterize DNA sequence
diversification in wild Oryza species uncovering a
broad range of intera- and interspecific variations
(7-9) that afford a natural pool for genetic
information fundamental for breeding programs
(10).

Starting with O. sativa (ssp. japonica cv.
Nipponbare) genome (389 Mb) sequenced in 2004
(11), efforts aided with next generation sequencing
(NGS) technologies have established full sequence
of several wild Oryza species genomes.
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The resulted DNA sequences are now freely
available in several data bases creating an ore from
which precious genetic information can be easily
mined. The in silico analyses have several
advantages over wet lab-based tools of being time
saving and cost effective. It can be completed based
on free open-sources and software (12) that fasten
recognition and characterization of potentially
important genes essential for genetic improvement
of the present cultivated rice cultivars.

The in silico analyses were recruited to identify
several important genes in Oryza species including
genes encoding enzymes controlling shikimate
pathway (13), salt stress responsive genes (14),
regulatory elements for pathogenesis-related
proteins (15), nucleotide binding site-leucine-rich
repeats playing an important role in the plant
defense (16) and Cyclin dependent kinase B
(CDKB) gene (17).

As a general defense response, plants
accumulate a group of proteins known as
pathogenesis related (PR) proteins (18). Based on
biological activities, serological relationships and
primary structure, PR proteins are classified into 17
families (19). PR10 proteins are a huge group of PR
proteins sharing common features of being small
(154-163 amino acid; molecular mass ~ 17 kDa),
acidic and generally intracellular and cytosolic (19,
20). Amino acids sequence analysis reflected
glycine-rich loop (p-loop) having the sequence
GXGGXG in most PR10 protein; it can be
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considered as a signature motif for PR10 proteins
(20). Such sequence is presumed to act as a binding
site for nucleotides essential for RNase activity
recorded for some PR-10 proteins (19, 20).

PR10 proteins spread all over the plant
kingdom suggesting indispensable functions (21).
The first publications concerning such proteins
referring to the results of exposure of parsley cell
suspensions to a fungal elicitor (22, 23). Thereafter,
members of PR10 class were found to accumulate
in response to infections with viruses (24), bacteria
(25) and fungi (26, 27) as well as abiotic stresses
(28-30).

The full-length cDNA of a PR10 gene was
cloned from roots of O. sativa Japonica group by
Hashimoto et al. (31). It was demonstrated to
encode a 160 amino acid protein (16.9 kDa, pl
4.74). Interestingly, the gene was found to be up-
regulated in response to drought, salinity and
infection with rice blast fungus bearing potential
capabilities against both biotic and abiotic stresses.
Therefore, the aim of this study is to characterize
this PR10 protein and their coding genes in other
cultivated rice and some wild related Oryza species
employing in silico analysis.

Materials and Methods:

The amino acid sequence of a PR10 protein
(BADO03969.1) in Oryza sativa (Japonica Group)
downloaded from NCBI
(http://www.ncbi.nlm.nih.gov) was targeted in
genomes of O. sativa Indica Group, O. barthii, O.
glaberrima, O. glumipatula, O. meridionalis, O.

nivara, O. rufipogon and O. punctata in
EnsemblPlants database (http://www.
http://plants.ensembl.org) employing BLASTP

search tool to distinguish the candidate genes,
coding sequences, amino acids sequences as well as
location on chromosomes.

Genomic and coding sequences of the retrieved
genes were employed to construct exon-intron
structure using Gene Structure Display Server
website (http://gsds.cbi.pku.edu.cn/). In conjunction
with the PR10 genes in the closest monocot grasses
(Hordeum vulgare, Sorghum bicolor and Triticum
aestivum) available in Gene Bank, the sequences
mined from Oryza species were aligned using
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Clustal W. Aligned sequences were utilized to
create a phylogenetic tree based on Maximum
Likelihood (ML) method in MEGA v. 6 (32)
following Kimura 2-parameter model (33) with
gamma distribution. Significance of support for
grouping pattern was assessed depending on
Bootstrap of 1000 replicate (34).

Retrieved amino acid sequences of the selected
Oryza species were aligned with aid of multiple
sequence alignment (multalin) (35,
http://multalin.toulouse.inra.fr/multalin) to
determine characteristic motif and consensus
domains. Physico-chemical features of the predicted
proteins including molecular mass and isoelectric
points were determined using Expasy Protparm

server (36,
http://us.expasy.org/tools/protparam.html).
Subcellular localizations of the retrieved

proteins were predicted using the CELLO2GO
server (37). 3-D model and secondary structure for
the predicted proteins were constructed with aid of
the Phyre2 server (38, http://www.sbg.bio.
ic.ac.uk/phyre?). Z-score for the predicted 3-D
models was calculated using ProSA-web server (39,
https://prosa.services.came.sbg.ac.at/prosa.php).

Results and Discussion:

Results of the present investigation reflected
occurrence of the predicted PR10 gene on
chromosome 12 in all studied Oryza species. Genes
share an open reading frame (ORF) ranged from
474 bp (in O. glumaepatula) to 480 bp (in the
remaining species) in two exons spaced with 294-
603 bp intron (Table 1 and Fig. 1). Similar results
were recorded in O. sativa by 15. Kaur et al.
(15); the authors recorded an OFR of 483 bp
arranged in 2 exons flanking an 297 bp intron. The
same features were observed in O. sativa by Ozyigit
et al. (40). Generally, the same exon-intron
structure is a characteristic feature for PR10 genes.
It was recorded in several plant species including
Vitis vinifera (41), Panax ginseng (42), Zea Mays
(27), Sorghum bicolor, Medicago truncatula,
Prunus persica, Glycine max and Solanum
tuberosum (40), and Arabidopsis thaliana (15).
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Table 1. Chromosome distribution and position of exons and introns of a PR10 gene in some Oryza
species

Exon 1 Intron Exon 2
Species Chromo Length Length Length
Someé  Start End g Start End g Start End g
(bp) (bp) (bp)
O. sativa Indica gp 12 301 475 175 476 771 296 772 1076 305
O. sativa Japonica gp 12 301 475 175 476 772 297 773 1077 305
O. barthii 12 301 475 175 476 798 323 799 1103 305
0. glaberrima 12 301 475 175 476 798 323 799 1103 305
O. glumipatula 12 301 475 175 476 769 294 770 1068 299
O. longistaminata 12 301 475 175 476 770 295 771 1075 305
O. meridionalis 12 301 475 175 476 1078 603 1079 1383 305
O. nivara 12 301 475 175 476 771 296 772 1076 305
O. punctate 12 301 475 175 476 1057 582 1058 1362 305
O. rufipogon 12 301 475 175 476 771 296 772 1076 305
Species Exon — Intron Structure
0. Sal‘il/a Indica gp e——————— R
O. 5ativa JaponiCa 0P e ——
0- g/abeffima ] R
O. glumipatula — —
o. longi5[aminata L ——— L
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O. nil/ara '} R
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Figure 1. Exon-intron distribution of a PR10 gene in some Oryza species.

Phylogenetic analysis revealed grouping of
all studied Oryza species in a major clade strongly
supported with 100% bootstrap value (Fig. 2).
Regarding relationships between the domesticated
Oryza species (O. sativa and O. glaberrima) and
wild ones, the phylogenetic tree showed that O.
rufipogon and O. nivara are the closest wild taxa to
O. sativa while O. barthii is the closest one to O.
glaberrima. On the other hand, O. punctata
appeared as an outgroup for other studied Oryza
species. Similar phylogenetic relations were
observed between wild and cultivated rices using S
trnL-trnF  and ITS (43), whole chloroplast
sequences (44), supermatrix of 4643 nuclear genes
(45), centromeres and centromere-linked genes (46)
and CDKB1 coding gene (17).

O. sativa Japonica Group
O. rufipogon

O. sativa Indica Group

O. nivara

0. gl patula

O. longistaminata
O. meridionalis
O. glaberrima

O. barthii

O. punctata

Hordeum vulgare KP293851.1

Sorghum bicolor AY751553.1

Triticum aestivum EU908212.1

Phyllostachys edulis GU944762.1

Figure 2. Phylogenetic tree of a PR10 gene
retrieved from some Oryza species and the
taxonomically closest monocot grasses (Sorghum
bicolor, Hordeum vulgare and Zea mays)
employing Maximum Likelihood method based
on  Kimura 2-parameter model. Bootstrap
values (based on 1000 replicates) are placed as
percentages at branching points.
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The clustering of all studied Oryza species in
one major clade without any of the taxonomically
related Gramineae species supports the taxonomic
potential use of PR10 gene recorded by (47, 41), at
least at genus level.

Analysis of the amino acid sequences for PR10
proteins retrieved from the studied Oryza genomes
reflected 160 amino acid length in all species except
O. glumipatula that exhibited a shorter amino acid
chain of 158 residue (Fig. 3). However, all
sequences shared GXGGXG motif (aa 44-49),
characteristic for PR10 proteins (20). Results
recorded in O. sativa are identical to results
recorded by Hashimoto et al. (31) and Ozyigit et al.
(40) working on the same species. However, the
latter authors recorded 157-166 amino acid length
in another 27 species including dicots and monocots
with 3-4 amino acids position shift for the
characteristic motif. Not far from these results
Zandvakili et al. (27) recorded a PR10 protein of
160 amino acid length having GXGGXG motif (aa
48-53) in Zea mays. Similarly, Lebel et al. (41)
documented PR10 family in vitis vinifera of 158 —
160 amino acid length having the characteristic
motif starting at the 47" amino acid glycine residue.
A relatively short PR10 protein of 154 amino acid
length was recorded in Panax ginseng (42).
Variation in polypeptide length and position of
GXGGXG motif suggests indel mutations during
the evolutionary course of PR10 gene.

Supported with instability index less than 40
(Table 2), all retrieved proteins showed in vitro
stability (48). Subcellular location analysis revealed
that the predicted PR10 protein is mainly a
cytoplasmic protein. Besides, it was predicted to be
a chloroplast protein in O. barthii, O. glaberrima,
O. glumipatula, O. meridionalis and O. rufipogon
(Table 2). Generally, PR10 proteins are known as
interacellular PR proteins (19, 20). Cytoplasmic
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PR10 proteins were detected in O. sativa and many
other species (40). Besides cytoplasmic localization,

the authors also recorded PR10 proteins in
chloroplast of Gossypium barbadense,  Lilium
regale and Triticum aestivum. Cytoplasmic

localization of PR10 was also recorded in Panax
ginseng (42) and spinach (49). Interestingly, the
latter research group detected PR10 proteins also in
nucleus. The wide intracellular distribution of PR10
proteins may support presence of a family PR10
proteins in the same organism encoded by an
equivalent group of genes (50) or presence of
regulatory steps yield all candidate proteins from a
smaller group of genes that require further
investigation.

Compared with consensus sequence, Multalin-based
alignment for amino acid sequences of the retrieved
PR10 proteins (Fig. 3) reflected identical amino
acid sequences in both Japonica and Indica groups
of O. sativa as well as O. nivara and O. rufipogon.
On the other hand, species-dependent variations
were recorded in other species that were more
pronounced in O. punctata. These variations had
little effect on molecular masses and isoelectric
points (PI) of the predicted proteins. A narrow
range of molecular masses (from 16.67 KDa in O.
glumipatula to 16.92 kDa in O. meridionalis) and PI
(4.88 in all species except O. glaberrima and O.
barthii showing PI of 4.9) were documented (Table
3). Generally PR10 proteins are about 17 KDa
acidic proteins (19, 20). 16.9 KDa PR10 protein
was recorded in O. sativa havig Pl of 4.74-4.88 (31,
40). In agreement with these results, 16.85 KDa
PR10 protein was recorded in Zea mays (27). Not
far from these results, Lebel et al. (41) documented
17.1 to 18.4 KDa PR10 family in Vitis vinifera
having a theoretical pl from 4.7 to 6.3. Similarly,
Bai et al. (49) documented a PR10 protein of 17.96
kDa and pl of 4.61 in spinach.
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HAPYSISDERAYSYSAERYMKYF SDAPAHPKYCAGF IDATEVEGDGGAGT YT THKLNPAYDDGGSFKTRYVARDNARHIIKSEVLDYPAGSKYGKLKSHYTE TKIERRGAGSCLAKINYEYELEDGGSLS
HAPYSISDERAYSYSAERYMKYFSOAPANPKYCAGF IDATEVEGDGGAGTYT THKLNPAYDDGGSFKTRYVARDNARKT IKSEVLOVPAGSKYGKLKSHYTETKIEARGAGSCLAKINYEYELEDGGSLS
HAPYCISDERAYSYSAERYMKYFSDAPANPKYVCAGF IDATEVEGDGGAGTYT THKLNPAYDDGGSFKTRYVARDNARHVIKSEVLDYPAGSKYGKLKSHYTETKIESAGAGSCLAKINVEYELEDGGSLS
HAPYCISDERAYSYSAERYMKYF SDAPAMPKVCAGF IDATEVEGDGGAGT YT THKLNPAYDDGGSFKTRYYARDNARHYIKSEVLOYPAGSKYGKLKSHY TETKIERRGAGSCLAKINVEYELEDGGSLS
HAPYSISDERAYSYSAERYHKYFSDAPANPKVCAGF IDATEVEGDGGAGTYT THKLNPAYDDGGSFKTRYVARDNARHIIKSEVLDYPAGSKYGKLKSHYTETKIEARGAGSCLAKINYEYELEDGGSLS
HAPYSISDERAVSYSAERYHKYF SDARANPKYCAGF IDATEVEGDGGAGT YT THKLNPAYDDGGSFKTRYVARDNARHY IKSEVLOVPAGSKYGKLKSHYTETKIEARDAGSCLAKIKVEYELEDGGSLS
HAPYSISDERAYSYSAERYHKYFSDARANPKYCAGF IDATEVEGDGGAGTYT THKLNPRYDDGGSFKTRYYARDNARHYIKSEVLDVPAGSKYGKLKSHYTETKIERADAGSCLAKIKYEYELEDGGSLS
HAPYCISDERAVSYSAERYHKYFSDPPSHPKYCAGF IDATEVEGDGGAGTYS THKLNPRYDDGGSFKTRYVARDNARHYIKSEVLDVPAGSKYGKLKSHYTETKIERRGAGSCYANIKYEYELEDGGSLS
HAPYSTSDERAYVSYSAERYHKYFSDapaPKYCAGF IDATEVEGDGGAGTYE THKLNPAYDDGGSFKTRVVARDNARH ! TKSEYLDVPAGSKVGKLKSHYTE TKIERAGAGSC1AKINYEYELEDGGSLS

Figure 3. Multalin-based amino acid sequence alignment of a PR10 protein in some Oryza species

showing GXGGXG motif.
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Table 2. Subcellular localization and physiochemical features of a PR10 protein in some Oryza species.

No. of No. of

Subcellular Molecula No. of negativel ositivel Instabilit
Species . r mass Formula: amino d y P y Pl y
location - charged charged .
(KDa) acids . . index
residues residues

O. sativa Japonica gp Cytoplasm 16.90 Cr45H1195N1950237S7 160 25 17 4.88 39.14
0. rufipogon %ﬁ%ﬁgﬁ%’ 16.90 CrusHi110sN1950257S7 160 25 17 488  39.14
O. nivara Cytoplasm 16.90 C745H1195N1050237S7 160 25 17 4.88 39.14
O. sativa Indica gp Cytoplasm 16.90 Cr45H1105N 195023757 160 25 17 4.88 39.14
0. meridionalis %m‘;(')ﬁ?s{ 16.92 CrasH1165N1050257Ss 160 25 17 488  37.60
0. Iongistaminata Cytoplasm 16.90 C744H1193N195023553 160 25 17 4.88 36.39
0. glumipatula %ﬁ%ﬁgﬁg‘ﬁ’ 16.67 CrsaH116:N1650284S7 158 25 17 488 3801
0. glaberrima %ﬁ%ﬁéﬁgt’ 16.90 CrusHi1107N 195025757 160 26 18 490 3293
0. barthii (C:m%ﬁ;tl 16.90 CrasH1197N105025S7 160 26 18 490  32.93
O. punctate Cytoplasm 16.90 Cr43H1189N1950237Sg 160 25 17 4.88 38.00

Secondary structure and 3-D model were
constructed for all retrieved PR10 proteins (Fig. 4
and 5) and 3-D dimensions were calculated (Table
3). The models were well supported with calculated
negative values for Z-scores (51). Except
dimensions of 3-D model recorded for O.
glumipatula, variability of amino acid sequences of
predicted PR10 proteins did not result in
corresponding considerable variations in secondary
structure (Fig. 4and Table 3) and 3-D model (Fig. 5
and Table 3). PR10 proteins exhibited a highly
conserved 3-D structure of palm-like grip of seven
antiparallel p strands (B1- B7), 2 short a helices
(between Bl and B2 strands) and one long C-
terminal o helix with p-loop flanked with B2 and 33
strands (19, 20). The same structure was exhibited
by secondary structure and 3-D model of the
predicted PR10 protein in O. glumipatula. The
remaining species showed an additional short C-
terminal o helix. The additional helix was also
recorde in O. sativa and Medicago truncatula (40).
Interestingly, the same authors recorded only 2
helices in Prunus persica but they recorded the 3-
helices model in Glycine max, Solanum
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lycopersicum and Sorghum bicolor. The 3-helices
model for PR10 proteins was also documented in
Panax ginseng (42), Vitis vinifera (41) and spinach
(49). Variability in number of o helices while
conservation in number of B strands and position of
p-loop can be explained in the necessity of the latter
2 structural features in RNase activity (19).

Conclusion:

In conclusion, in silico analyses provide fast, cost-
effective and valuable information about the swiftly
emerging genomes of wild relatives of the
important  strategic crops. Such information
contributes adequately in Dbreeding programs
resulting in development of new cultivars of better
field performance. The employed techniques reveal
a high conservation at both DNA and protein levels
for the candidate PR10 protein in all the examined
Oryza species except O. glumipatula. The latter
shows a relatively obvious structural variation at
protein level. Such variation may be beneficial
against different types of stress that requires further
elucidation to exploit in rice breeding programs.
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Figure 4. Predicted secondary structure for a PR10 protein in some Oryza species.
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Table 3. Details of secondary structure and 3-D model of a PR10 protein in some Oryza species.

Species Secondary structure dimensions (A) Z-Score
o helix P strand X Y Z
(%) (%)
O. sativa Indica gp 24 42 39.16 47.28 37.67 -4.57
O. rufipogon 24 42 39.16 47.28 37.67 -4.57
O. nivara 24 42 39.16 47.28 37.67 -4.57
O. sativa Japonica gp 24 42 39.16 47.28 37.67 -4.57
O. meridionalis 22 43 39.16 47.28 37.61 -4.74
O. longistaminata 22 43 39.89 47.28 39.94 -4.07
O. glumipatula 23 43 44.69 35.64 50.48 -3.46
O. glaberrima 23 42 40.94 46.48 40.08 -4.06
O. barthii 23 42 40.94 46.48 40.08 -4.06
O. punctate 24 42 39.89 46.48 40.24 -3.96
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