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ABSTRACT

Introduction: Rice, a key agricultural crop globally, is vital for feeding millions of people. Blast is one of the important diseases of rice and
it causes severe damage to many rice fields every year. This disease is caused by the fungus Magnaporthe oryzae, which infects plant tissues
and significantly reduces performance.The genus Oryza belongs to the Poaceae family and comprises 24 different species. Species within
this genus are divided into two categories in terms of genome: diploid and tetraploid. The existence of synteny between genes specially
those that cause resistance to plant diseases is considered a very suitable way to identify genes from other species. The pizh and pigm gene
clusters play a role in rice blast disease resistance in rice. Synteny in pizh and pigm clusters was investigated in 11 species of Oryzaand three
related species.

Materials and methods: The pizh and pigm gene clusters were identified in 13 other species using the BLASTN tool. Subsequently, the
genome sequences of these 13 species were obtained from the NCBI database then, all genes for all species were compared together by
BLASN tool to construct the homology file (BLAST file). After, the genes were mapped to the respective species by Gmap software.
Finally, gene blocks exhibiting synteny were identified through the utilization of the MCScanX software.

Results: The results of synteny analysis of blast resistance genes in 14 studied species showed synteny only in five species: O. meridionalis,
O. sativa indica, O. glumipatula, O. barthii, and O. glaberrima. Synteny was not observed in other species, including O. sativa japonica,
regarding these gene clusters for blast resistance. According to the results, it could be concluded that the gene cluster involved in blast
disease resistance, has not been spread and preserved between different chromosomes of studied Oryza species during evolution. In fact,
they are located mainly on chromosomes Number 6 and 9. Micro synteny for the species including O. meridionalis, O.sativa indica, O.
glumipatula, O. barthii and O. glaberrima were observed, but no synteny was observed for other five Oryza species and three wild relatives.
It is necessary to mention that these genes are clustered on chromosome Number 6 for O. sativa japonica, however, they have no synteny
with other species.

Conclusion: Species including O. meridionalis, O.sativa indica, O. glumipatula, O. barthii and O. glaberrima may be used as a promising
source of blast resistance for blast resistance breeding programs.
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Table 1 —L.ist of species, genome size and chromosome number of each species used in this

study.
P93909,5 Slass P o3l L5
Chromosome Genome size species
number
2n=24 448Mb O. nivara
2n=24 386Mb O. rufipogon
2n=24 362Mb O. brachyanth
2n=24 423Mb O. punctate
2n=24 464Mb O. glumipatula
2n=24 435Mb O. meridionalis
2n=24 411Mb O. barthii
2n=24 340Mb O. longistaminata
2n=24 358Mb O. glaberrima
2n=24 385Mb O. sativa japonica
2n=24 385Mb O. sativa indica
2n=34 603Mb Zizania latifolia
2n=54 1,340Mb Echinochloa crus-galli
2n=24 266Mb Leersia perrieri
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Figure 2. No synteny for pizh gene cluster carried out genes resistance to blast located on chromosome 6 of O. sativa
japonica.
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Table 1. Biological function of genes of pizh gene cluster located on chromosome 6 of O. sativa indica.

5 3 Sos 5 3 Shos
Gene Function Gene Function

QBA09452.1 hypothetical protein 0s06t0286700-00 not found in NCBI database

QBA09451.1 ENODL1-like domain- MH807580.112 not found in NCBI database
containing protein

QBA09454.1 DUF1409 domain-containing MH807580.113 not found in NCBI database

protein
QBA09455.1 DNA oxidative demethylase 0s06t0287000-00 hypothetical protein
ALKBH2

QBA09456.1 AF-4 domain-containing QBA09460.1 NBS-LRR type R protein, Nbs7-Pi2
protein-like protein

QBA09457.1 putative nitrate-induced NOI 0s06t0287200-00 hypothetical protein

0s06t0286375-00

0s06t0286500-01

protein

hypothetical protein
EE612_033423

putative disease resistance
RPP13-like protein 3

MH807580.115

MH807580.110

not found in NCBI database

not found in NCBI database

QBA09458.1 NBS-LRR type R protein, MH807580.116 not found in NCBI database
Nbs1-Pi2
QBA09461.1 Piz-t 0s06t0288100-01 leucine-rich repeat receptor-like
serine/threonine/tyrosine-protein
kinase SOBIR1
QBA09459.1 NBS-LRR type R protein QBA09453.1 ty3-gypsy sub-class

Pizh-2

retrotransposonable element
polyprotein
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3 OsR498G0612156900.01.T01 OMEY54013 ORGLA06G0103800.1 OGLUMO06G12020.1
OsR498G0612158300.01.T01 OMEY54015 ORGLA06G0103900.1 OGLUMO06G12030.1 OBART06G11130.1
OMEY354016 ORGLA06G0104000.1

OMEY54019 ORGLA06G0104300,1 OGLUMO06G12050.1 OBART06G11170.1

0OsR498G0612159700.01.T01 OMEY54023 ORGLA06G0104400.1 OGLUMO06G12060.1 OBART06G11180.1
0OsR498G0612160500.01.T01 ORGLA06G0104600.1 OGLUMO06G12060.4 OBART06G11190.1

OsR498G0612161300.01.T01

(OMEY54030 OGLUMO06G12080.1 OBART06G11210.1

S N ST SR PN S SO S S S S S S,

0sR498G0612167200.01.T01 |OMEY54036 ORGLA06G0105100.1 OGLUMO06G12120.1 OBART06G11230.1
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0.) OBAR 4 (O. glumipatula) OGLUM ¢(O. glaberrima) ORGLA ¢(O. meridionalis) OMEY ¢(O. sativa indica)
.(barthii

Figure 3. Synteny for pigm gene cluster carried out genes resistance to Blast located on chromosome 6 of O. sativa

indica. Abbereviations: ORGLA (O. glaberrima), OBAR (O. barthi), OGLUM (O. glumipattula), OMEY (O.
meridionalis) and OsR (O. sativa indica).

O. sativa indica # ol p93909 55 59, &3l9 pigm o5 dhes a by gy o Sloe-Y Jous

Table 2. Biological function of genes of pigm gene cluster located on chromosome 6 of O. sativa indica.

o3 3 Skes Ry 3 Skos Ry 3 Shos
Gene Functon Gene Function Gene Function
OsR498G061215690 early nodulin-like protein 1 OsR498G06121 putative disease resistance OsR498G0612 Gumei4
0.01.701 59700.01.T01 RPP13-like protein 3 162700.01.T01 Pigm locus
OsR498G061215830 DNA oxidative demethylase OsR498G06121 Piz(t) gene for NBS-LRR OsR498G0612 Gumei4
0.01.701 ALKBH2 60500.01.T01 162700.01.T02 Pigm locus
OsR498G061215860 sister chromatid cohesion OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T01 protein PDS5 homolog A 60900.01.T01 164700.01.T01  Pigm locus
isoform X2
OsR498G061215860 sister chromatid cohesion OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T02 protein PDS5 homolog A 60900.01.T04 164700.01.T02  Pigm locus
isoform X2
OsR498G061215860 sister chromatid cohesion OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T03 protein PDS5 homolog A 61300.01.T01 165700.01.T01  Pigm locus
isoform X2
OsR498G061215860 sister chromatid cohesion OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T04 protein PDS5 homolog A 61300.01.T02 165900.01.T01  Pigm locus
isoform X2
OsR498G061215860 sister chromatid cohesion OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T05 protein PDS5 homolog A 61300.01.T03 165900.01.T02  Pigm locus
isoform X2
OsR498G061215950 protein NOI4 OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.T02 61300.01.T04 165900.01.T03  Pigm locus
OsR498G061215950 protein NOI4 OsR498G06121 Pigm locus genomic sequence OsR498G0612 Gumei4
0.01.701 61300.01.TO5 167200.01.T01 Pigm locus
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