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We report long-range sequencing of nine rice-infecting Magnaporthe oryzae isolates 
from different rice-growing regions of Italy using Oxford Nanopore Technology. We 
aquired chromosome-level genome assemblies, polished with Illumina short reads, and 
removed mitochondrial sequences to improve the quality of the assemblies. We 
provide the genome assemblies to the public with open access.  
 
 
Introduction 
 
Magnaporthe oryzae (Syn. Pyricularia oryzae) is the number one fungal plant pathogen that 
poses a clear threat to global food security (Dean et al., 2012; Fisher et al., 2012). M. oryzae 
causes blast disease on rice, wheat and a range of other cereals including oat, finger millet 
and foxtail millet as well as wild grasses. M. oryzae is found all over the world wherever warm 
temperature and high humidity are common. This includes Italy which is the largest rice 
producing country in Europe. In Italy, M. oryzae is thought to be co-evolving with rice since its 
introduction to the country sometimes after the 15th century. We aim to test a hypothesis that 
M. oryzae has adapted to the rice cultivars and growing conditions employed in Italy, and in 
doing so, its genome has accumulated signatures of adaptation including genome-level 
structural variations. To generate the genomic data that would enable such analyses, we 
sequenced nine isolates of M. oryzae using a long-range sequencing strategy based on 
Oxford Nanopore Technology. We deposited these chromosome-level genome assemblies in 
public databases for open access.  
 
 
Results 
 
We sequenced nine M. oryzae isolates collected from different regions of Italy using 
PromethION flow cells (Table 1). We obtained N50 read lengths ranging from 23.4 to 32.3 kbp 
and total base counts of ~4.3 to 7.5 Gbp (~100x to 180x genome coverage). The sequence 
reads were assembled using Canu software (Koren et al., 2017). The number of contigs varied 
from 17 to 38 with the largest contigs in the ~10-11 Mbp range (Table 2).  
 
To improve the quality of the assemblies, we acquired short sequence reads (Table 3) from 
the same fungal isolates using Illumina technology and polished the genomes using Pilon 
(Walker et al., 2014) and Racon (Vaser et al., 2017) programs. We then removed the contigs 
in the assemblies that had high similarities to mitochondrial sequences (Table 4). We re-
ordered the contigs in our assemblies to follow the chromosome structure of M. oryzae rice 
isolate 70-15 (Dean et al., 2005; Okagaki et al., 2015) by aligning our contigs to the 70-15 
chromosomes using Mauve (Darling et al., 2004). 
 
To assess the quality of the assemblies, we compared the assemblies of Italian isolates to the 
chromosome quality assembly of M. oryzae rice isolate 70- 15 by whole-genome sequence 
alignment using MUMmer 3 package (Kurtz et al., 2004). We noted significant co-linearities 
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between our Italian assemblies and that of 70-15 indicating that our nanopore assemblies are 
of acceptable quality (Figure 1).  
 
 

 
  
Figure 1. Genome assemblies of Magnaporthe oryzae Italian isolates are highly contiguous and colinear 
to the refererence genome of isolate 70-15. Colinearity plot of whole genome alignments between Italian rice 
blast isolates to the 70-15 reference genome. Contig IDs of Italian isolates are given on the Y-axis. Supercontig 
IDs of the reference genome are given on the X-axis. The color of the alignments shows the sequence similarity 
to 70-15. 
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To evaluate the completeness of the assemblies and any improvement in polishing process, 
we run Benchmarking sets of Universal Single-Copy Orthologs (BUSCO) (Seppey et al., 2019) 
using fungi_obd10 database for each genome assembly. We found that the polishing step 
improved the completeness of the assemblies from 72.2-83.4% before polishing to 97.7-
98.8% after polishing, and gene fragmentation from 3.4-7.4% to 0-0.3% (Tables 5 and 6).  
 
The final polished genome assemblies of M. oryzae we built in this project will give us useful 
insights into how this fungus evolves and adapts to Italian environmental conditions at the 
genome structure level. This project is part of the OpenRiceBlast community on Zenodo: 
https://zenodo.org/communities/openriceblast. The data can also be accessed via the 
OpenRiceBlast portal http://openriceblast.org.  
 
 
Conclusions 
 
The total lengths of the polished genome assemblies (44.6 to 48.5 Mbp) indicate near-
complete sequencing of the M. oryzae isolates shown in Table 4. This is complemented by 
near complete BUSCO score (97.7-98.8%) in polished assemblies (Table 6) for all the isolates 
indicating that the fungal orthologous gene space is highly represented. The individual contigs 
were also long enough to enable structural variation studies and appear to be of acceptable 
quality judging from the level of collinearity observed between our assemblies and the 
reference 70-15 genome. We ensured open access to these genome data to inspire 
community involvement in analyzing these data and tackling the blast disease of rice, wheat 
and other crops using cutting-edge genomic tools. 
 
 
Materials and methods 
 
Single-spore cultures of M. oryzae isolates (Table 1) from different regions of Italy were used 
for genomic DNA extraction and sequencing. 
 
High molecular weight genomic DNA from M. oryzae was extracted from mycelia of 7-day old 
cultures by following the method described by (Schwessinger and Rathjen, 2017). Genomic 
DNA was quantified on a TapeStation (Agilent) and treated with DNAse-free RNAse. RNAse- 
treated DNA was sheared using either a gTUBE or a 22 Gauge needle. Sheared DNA was 
captured using AMPure beads (Beckman Coulter, Indianapolis, US) and eluted in 45 μl water 
and used for library construction following the 1D protocol from Oxford Nanopore. Sequencing 
runs were performed using PromethION platform (Oxford Nanopore Technologies, Oxford, 
UK). Sequence reads were assembled into contigs using Canu software (v1.8) (Koren et al., 
2017). Simultaneously, Illumina sequencing libraries were prepared from the same genomic 
DNA samples by following a NextTera protocol (Caruccio, 2011) modified by Karasov et al., 
(2018), and sequence reads were obtained using the Illumina HiSeq 3000 platform located at 
the Genome Center facility at the Max Planck Institute for Developmental Biology. 
 
Canu assemblies were subjected to two rounds of polishing with Illumina short sequence 
reads generated from the same isolates using Pilon version 1.22 (Walker et al., 2014) and 
Racon version 1.3.2 (Vaser et al., 2017). To remove mitochondrial sequences, we performed 
blastn (Altschul et al., 1990) search against our assemblies using the mitochondrial sequences 
from the reference genome 70-15 and removed any contigs that had high similarity to the 
mitochondrial sequences. We ran BUSCO v4.0.6 (Seppey et al., 2019) using fungi_obd10 
database with default parameters. 
 
Whole genome alignments between each Italian isolate genome assembly and the 
reference genome of isolate 70-15 were performed using the nucmer function of the MUMmer 
3 package (Kurtz et al., 2004). The resulting alignments were filtered for the alignments that 
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span over >10 kb using the “delta-filter” function with the option “-l 10000”and colinearity plots 
were generated using mummerplot with the “--color” option. 
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Table 1. M. oryzae isolates used in this study and summary statistics for their nanopore sequencing runs 
 

M. oryzae 
isolate 

Host Source Year 
collected 

Flowcell 
ID 

Sequencing 
platform1 

Basecaller 
(version) 

No. 
Reads  

Base count 
(bp) 

Read 
N50 

ENA accession 

AG002 Oryza sativa Sozzago, 
Italy 

2010 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

469,224 7,522,559,914 24,130 ERR4704598 

AG006 Oryza sativa Vigevano, 
Italy 

2011 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

321,713 5,198,920,186 29,066 ERR4704596 

AG032 Oryza sativa Ferrara, 
Italy 

2011 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

333,608 5,596,762,033 28,813 ERR4704597 

AG038 Oryza sativa Olcenengo, 
Italy 

2011 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

284,715 5,438,810,944 32,347 ERR4704599 

AG039 Oryza sativa Vercelli, 
Italy 

2011 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

305,056 5,380,738,368 30,721 ERR4704592 

AG059 Oryza sativa Siziano, 
Italy 

2011 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

417,916 6,602,278,461 23,457 ERR4704594 

AG098 Oryza sativa Oristano, 
Italy 

N/D PAD04813 PromethION, ONT Guppy 
(2.1.3) 

314,015 4,665,230,724 28,118 ERR4704600 

PR003 Oryza sativa Dossena, 
Italy 

2003 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

245,744 4,274,949,588 30,333 ERR4704595 

San andrea Oryza sativa N/D 2001 PAD04813 PromethION, ONT Guppy 
(2.1.3) 

360,461 5,562,064,787 26,468 ERR4704593 

1Sequencing was performed by Future Genomics Technologies, Leiden; ONT = Oxford Nanopore Technology 
N/D = No data; bp = base pair; ENA = European Nucleotide Archive 

 
 
Table 2. Summary statistics for M. oryzae genomes assembled from nanopore reads 
 

M. oryzae 
isolate 

Assembly 
Software (version) 

No. 
contigs 

Assembly 
length (bp) 

N50 (bp) Max length 
(bp) 

Min length 
(bp) 

GenBank 
Accession 

AG002 Canu (1.8) 38 45,963,345 4,529,404 6,354,330 1,902 GCA_905067045.1 

AG006 Canu (1.8) 26 46,895,299 6,579,242 10,942,893 51,636 GCA_905067025.1 

AG032 Canu (1.8) 25 45,799,422 5,926,258 8,797,420 1,932 GCA_905067055.1 

AG038 Canu (1.8) 20 46,144,830 5,640,447 9,106,624 45,956 GCA_905067005.1 

AG039 Canu (1.8) 29 47,340,277 6,212,358 10,940,842 1,858 GCA_905067035.1 

AG059 Canu (1.8) 38 47,498,635 5,859,208 7,099,302 42,191 GCA_905066965.1 

AG098 Canu (1.8) 34 47,650,771 6,089,662 7,827,513 1,894 GCA_905067015.1 

PR003 Canu (1.8) 17 44,525,684 6,029,236 8,528,881 40,948 GCA_905067075.1 

San andrea Canu (1.8) 37 48,327,069 4,099,541 6,266,075 13,134 GCA_905067085.1 



Table 3. Illumina short sequence reads used to polish the genome assemblies 
 

M. oryzae 
Isolate 

Sequencing Platform1 Library 
Layout 

Base count 
(bp) 

No. reads ENA accession 

AG002 HiSeq 3000, Illumina Paired 1,818,725,400 3,031,209 ERR4757123 

AG006 HiSeq 3000, Illumina Paired 962,429,400 1,604,049 ERR4757124 

AG032 HiSeq 3000, Illumina Paired 1,493,714,400 2,489,524 ERR4757125 

AG038 HiSeq 3000, Illumina Paired 1,252,386,000 2,087,310 ERR4757126 

AG039 HiSeq 3000, Illumina Paired 1,256,038,200 2,093,397 ERR4757127 

AG059 HiSeq 3000, Illumina Paired 1,258,650,600 2,097,751 ERR4757128 

AG098 HiSeq 3000, Illumina Paired 1,345,979,400 2,243,299 ERR4757129 

PR003 HiSeq 3000, Illumina Paired 994,322,400 1,657,204 ERR4757130 

San andrea HiSeq 3000, Illumina Paired 1,111,573,200 1,852,622 ERR4757131 
1Sequencing was performed by Max Planck Institute, Tübingen 

 
 
Table 4. Polished genome assemblies of Italian Magnaporthe oryzae isolates without mitochondrial contigs 
 

M. oryzae 
isolate 

Software (version) No. 
contigs 

Assembly 
length (bp) 

N50 (bp) Max length 
(bp) 

Min length 
(bp) 

GenBank accession 

AG002 Pilon (1.22), Racon (1.3.2) 36 46,086,469 4,555,161 6,389,779 1,896 GCA_905067045.2 

AG006 Pilon (1.22), Racon (1.3.2) 24 47,005,811 6,618,557 11,008,917 51,574 GCA_905067025.2 

AG032 Pilon (1.22), Racon (1.3.2) 24 45,916,910 5,961,411 8,843,348 1,925 GCA_905067055.2 

AG038 Pilon (1.22), Racon (1.3.2) 19 46,291,169 5,673,907 9,163,141 46,127 GCA_905067005.2 

AG039 Pilon (1.22), Racon (1.3.2) 26 47,495,958 6,249,570 11,002,933 1,852 GCA_905067035.2 

AG059 Pilon (1.22), Racon (1.3.2) 37 47,743,121 5,900,770 7,152,446 42,369 GCA_905066965.2 

AG098 Pilon (1.22), Racon (1.3.2) 33 47,810,826 6,094,221 7,877,299 500 GCA_905067015.2 

PR003 Pilon (1.22), Racon (1.3.2) 16 44,615,198 6,063,740 8,582,813 41,659 GCA_905067075.2 

San andrea Pilon (1.22), Racon (1.3.2) 35 48,509,714 4,122,582 6,303,665 53,723 GCA_905067085.2 

 
 
 
 
 
 



Table 5. BUSCO1 scores of the genome assemblies before polishing 
 

Assembly 
name 

DB2 Mode Completed SingleCopy Duplicated Fragmented Missing Total 

AG002 fungi_odb10 genome 632 (83.4%) 630 (83.1%) 2 (0.3%) 26 (3.4%) 100 (13.2%) 758 

AG006 fungi_odb10 genome 599 (79.0%) 599 (79.0%) 0 (0.0%) 42 (5.5%) 117 (15.5%) 758 

AG032 fungi_odb10 genome 613 (80.9%) 613 (80.9%) 0 (0.0%) 28 (3.7%) 117 (15.4%) 758 

AG038 fungi_odb10 genome 616 (81.3%) 616 (81.3%) 0 (0.0%) 29 (3.8%) 113 (14.9%) 758 

AG039 fungi_odb10 genome 610 (80.5%) 603 (79.6%) 7 (0.9%) 32 (4.2%) 116 (15.3%) 758 

AG059 fungi_odb10 genome 547 (72.2%) 545 (71.9%) 2 (0.3%) 56 (7.4%) 155 (20.4%) 758 

AG098 fungi_odb10 genome 610 (80.4%) 609 (80.3%) 1 (0.1%) 30 (4.0%) 118 (15.6%) 758 

San andrea fungi_odb10 genome 627 (82.7%) 621 (81.9%) 6 (0.8%) 29 (3.8%) 102 (13.5%) 758 
1BUSCO = Benchmarking Universal Single-Copy Orthologs; Seppey et. al., 2019. Methods in Molecular Biology. 1962: 227-245 
2DB = Database used in BUSCO 

 
Table 6. BUSCO1 scores of the genome assemblies after polishing 
 

Assembly 
name 

DB2 Mode Completed SingleCopy Duplicated Fragmented Missing Total 

AG002 fungi_odb10 genome 747 (98.6%) 744 (98.2%) 3 (0.4%) 0 (0.0%) 11 (1.4%) 758 

AG006 fungi_odb10 genome 745 (98.3%) 744 (98.2%) 1 (0.1%) 2 (0.3%) 11 (1.4%) 758 

AG032 fungi_odb10 genome 745 (98.3%) 743 (98.0%) 2 (0.3%) 0 (0.0%) 13 (1.7%) 758 

AG038 fungi_odb10 genome 745 (98.3%) 744 (98.2%) 1 (0.1%) 1 (0.1%) 12 (1.6%) 758 

AG039 fungi_odb10 genome 741 (97.8%) 736 (97.1%) 5 (0.7%) 0 (0.0%) 17 (2.2%) 758 

AG059 fungi_odb10 genome 745 (98.3%) 744 (98.2%) 1 (0.1%) 0 (0.0%) 13 (1.7%) 758 

AG098 fungi_odb10 genome 749 (98.8%) 747 (98.5%) 2 (0.3%) 1 (0.1%) 8 (1.1%) 758 

PR003 fungi_odb10 genome 742 (97.9%) 740 (97.6%) 2 (0.3%) 0 (0.0%) 16 (2.1%) 758 

San andrea fungi_odb10 genome 741 (97.7%) 737 (97.2%) 4 (0.5%) 0 (0.0%) 17 (2.3%) 758 
1BUSCO = Benchmarking Universal Single-Copy Orthologs; Seppey et. al., 2019. Methods in Molecular Biology. 1962: 227-245 
2DB = Database used in BUSCO 

 


