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ABSTRACT The first draft genome sequence of the pearl millet blast pathogen
Magnaporthe grisea PMg_Dl from India is presented. The genome information of M.
grisea will be useful to understand the Magnaporthe speciation, genetic diversity, en-
vironmental adaptation, and pathogenic and host range determinants.

In India, rice (Oryza sativa L.), pearl millet [Pennisetum glaucum (L.) R. Br.], and finger
millet (Eleusine coracana L.) are among the cereals affected by blast disease incited by

Magnaporthe species (1, 2). Pearl millet blast is caused by Magnaporthe grisea. Although
Magnaporthe genomes infecting various cereals have been sequenced by several
laboratories, the genome sequence of a pearl millet-infecting Magnaporthe sp. is
unavailable so far (3–5). Here, we report for the first time the draft genome sequence
of Magnaporthe grisea strain PMg_Dl, which infects pearl millet from India. A single
spore colony of Magnaporthe grisea strain PMg_Dl was isolated from an infected leaf of
pearl millet cultivar ICMB95444 in the experimental farm at the Indian Council of
Agricultural Research (ICAR)-Indian Agriculture Research Institute in New Delhi, India,
by the lesion print technique/modified spore drop method (6). Strain PMg_Dl is also
pathogenic to other hosts, such as wheat, oat, and barley, under experimental condi-
tions, but it was nonpathogenic to rice and finger millet.

A monosporidial culture of strain PMg_Dl was grown at 28°C with constant
shaking (150 rpm) in potato dextrose broth (HiMedia, Mumbai, India) for 7 to 10 days.
The high-quality genomic DNA was extracted from fungal mycelia using cetyltrimeth-
ylammonium bromide (CTAB) and the phenol-chloroform method, followed by RNase
A treatment. The quality and quantity were assessed spectrophotometrically as well as
by a Qubit fluorometer and 0.8% agarose gel electrophoresis. Genome sequencing of
PMg_Dl was performed using the Illumina NextSeq 500 platform with an average read
length of 2 � 150 bp and the PacBio RS II platform with P6-C4 chemistry. The mate pair
(MP) sequencing library was prepared using an Illumina Nextera MP sample preparation
kit using the gel-free protocol, and the shotgun (whole-genome sequencing [WGS])
paired-end (PE) sequencing library was prepared using a TruSeq nano DNA library prep
kit. High-molecular-weight DNA was used to prepare one SMRTbell library of 5 to 8 kb
for sequencing on the PacBio platform using the hairpin adaptor protocol for ultra-
long-read sequencing. Total data generated were 13.1-Gb PE reads (number of reads,
43,962,401), 3.4-Gb mate-paired reads (number of reads, 17,160,010), and 1.1-Gb
PacBio reads (number of reads, 148,768). The PE raw reads were filtered using Trim-
momatic (7), and the MP reads were filtered using NextClip (8). The high-quality PE, MP,
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and PacBio reads of the PMg_Dl sample were assembled into scaffolds by SPAdes (9)
genome assembler version 3.12.0, and scaffolding was carried out by SSAKE-based
scaffolding of preassembled contigs after extension (SSPACE) version 3.0 (10).

In total, the assembly of 341 scaffolds resulted in a genome size of 47.90 Mb with
an N50 value of 765,468 bp. The G�C content of the genome is 47.3%. A total of 10,451
genes in PMg_Dl were predicted using Magnaporthe grisea as a gene prediction model
(11). BLASTX with an E value of 1e�5 resulted in the annotation of 9,649 coding DNA
sequences (CDSs) that had significant BLAST hits. The majority of hits were found to be
against Magnaporthe oryzae 70-15. Gene ontology (GO) annotations of the genes were
carried out using Blast2GO to classify the function of the predicted genes (12). A total
of 3,151 genes were annotated into 24 functional categories based on the KEGG
pathway database via KEGG Automatic Annotation Server (KAAS) (13). Genes involved
in pathogenicity, virulence, and effectors were annotated using pathogen-host inter-
action database (PHI-base) version 4.5 (14). A total of 849 CDSs involved in pathoge-
nicity, virulence, and effector genes were annotated (12, 14). The data presented here
will be useful for further studies on the genetic and functional characterization of
Magnaporthe grisea, which infects pearl millet and other cereals.

Data availability. The raw data were submitted to the SRA under accession

numbers SRR8573217, SRR8573216, and SRR8776454. The SRA BioProject accession
number is PRJNA494483. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number RHLM00000000. The version de-
scribed in this paper is the first version, RHLM01000000.

ACKNOWLEDGMENTS

We thank the Indian Council of Agricultural Research-Consortium Research Project
on Genomics (ICAR-CRP [Genomics]) for funding the whole-genome sequencing of
pearl millet blast fungus M. grisea PMg_Dl.

The facilities provided by the Director of ICAR-IARI, New Delhi, and Head, Division of
Plant Pathology, ICAR-IARI, New Delhi, are gratefully acknowledged.

This publication is assigned publication reference number IARI/PME/Path/180004.

REFERENCES
1. Kumari M, Rai AK, Devanna BN, Singh PK, Kapoor R, Rajashekara H,

Prakash G, Sharma V, Sharma TR. 2017. Co-transformation mediated
stacking of blast resistance genes Pi54 and Pi54rh in rice provides broad
spectrum resistance against Magnaporthe oryzae. Plant Cell Rep 36:
1747–1755. https://doi.org/10.1007/s00299-017-2189-x.

2. Prakash G, Srinivasa N, Mukesh Sankar S, Singh SP, Tara Satyavathi C.
2016. Standardization of pearl millet blast (Magnaporthe grisea) pheno-
typing under artificial conditions. Ann Agric Res Series 37:1– 6.

3. Shirke MD, Mahesh HB, Gowda M. 2016. Genome-wide comparison of
Magnaporthe species reveals a host-specific pattern of secretory proteins
and transposable elements. PLoS One 11:e0162458. https://doi.org/10
.1371/journal.pone.0162458.

4. Kumar A, Sheoran N, Prakash G, Ghosh A, Chikara SK, Rajashekara H,
Singh UD, Aggarwal R, Jain RK. 2017. Genome sequence of a unique
Magnaporthe oryzae RMg-Dl isolate from India that causes blast disease
in diverse cereal crops, obtained using PacBio single molecule and
Illumina HiSeq2500 sequencing. Genome Announc 5:e01570-16. https://
doi.org/10.1128/genomeA.01570-16.

5. Gladieux P, Condon B, Ravel S, Soanes D, Maciel JLN, Nhani A, Chen L,
Terauchi R, Lebrun MH, Tharreau D, Mitchell T, Pedley KF, Valent B,
Talbot NJ, Farman M, Fournier E. 2018. Gene flow between divergent
cereal- and grass-specific lineages of the rice blast fungus Magnaporthe
oryzae. mBio 9:e01219-17. https://doi.org/10.1128/mBio.01219-17.

6. Rajashekara H, Prakash G, Pandian RTP, Sarkel S, Dubey A, Sharma P,
Chowdary V, Mishra D, Sharma TR, Singh UD. 2017. An efficient tech-
nique for isolation and mass multiplication of Magnaporthe oryzae from
blast infected samples. Indian Phytopathol 69:260 –265.

7. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for

Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.

8. Leggett RM, Clavijo BJ, Clissold L, Clark MD, Caccamo M. 2014. NextClip:
an analysis and read preparation tool for Nextera long mate pair librar-
ies. Bioinformatics 30:566 –568. https://doi.org/10.1093/bioinformatics/
btt702.

9. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequenc-
ing. J Comput Biol 19:455– 477. https://doi.org/10.1089/cmb.2012.0021.

10. Boetzer M, Henkel CV, Jansen HJ, Butler D, Pirovano W. 2011. Scaffolding
pre-assembled contigs using SSPACE. Bioinformatics 27:578–579. https://
doi.org/10.1093/bioinformatics/btq683.

11. Stanke M, Morgenstern B. 2005. AUGUSTUS: a Web server for gene
prediction in eukaryotes that allows user-defined constraints. Nucleic
Acids Res 33:W465–W467. https://doi.org/10.1093/nar/gki458.

12. Gotz S, Gomez JMG, Terol J, Williams TD, Nagaraj SH, Nueda MJ, Robles
M, Talon M, Dopazo J, Conesa A. 2008. High-throughput functional
annotation and data mining with the Blast2GO suite. Nucleic Acids Res
36:3420 –3435. https://doi.org/10.1093/nar/gkn176.

13. Moriya Y, Itoh M, Okuda S, Yoshizawa AC, Kanehisa M. 2007. KAAS: an
automatic genome annotation and pathway reconstruction server. Nu-
cleic Acids Res 35:W182–W185. https://doi.org/10.1093/nar/gkm321.

14. Urban M, Pant R, Raghunath A, Irvine AG, Pedro H, Hammond-Kosack KE.
2015. The pathogen-host interactions database: additions and future
developments. Nucleic Acids Res 43:D645–D655. https://doi.org/10.1093/
nar/gku1165.

Prakash et al.

Volume 8 Issue 20 e01499-18 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/sra/SRR8573217
https://www.ncbi.nlm.nih.gov/sra/SRR8573216
https://www.ncbi.nlm.nih.gov/sra/SRR8776454
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA494483
https://www.ncbi.nlm.nih.gov/nuccore/RHLM00000000
https://doi.org/10.1007/s00299-017-2189-x
https://doi.org/10.1371/journal.pone.0162458
https://doi.org/10.1371/journal.pone.0162458
https://doi.org/10.1128/genomeA.01570-16
https://doi.org/10.1128/genomeA.01570-16
https://doi.org/10.1128/mBio.01219-17
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btt702
https://doi.org/10.1093/bioinformatics/btt702
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btq683
https://doi.org/10.1093/bioinformatics/btq683
https://doi.org/10.1093/nar/gki458
https://doi.org/10.1093/nar/gkn176
https://doi.org/10.1093/nar/gkm321
https://doi.org/10.1093/nar/gku1165
https://doi.org/10.1093/nar/gku1165
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

