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ABSTRACT A draft genome sequence is presented for a strain of “Candidatus Phy-
toplasma asteris” affecting canola plants in Saskatoon, Canada. This phytopathogenic
bacterium was determined to be a 16SrI strain and features 16S rRNA-encoding
gene sequence heterogeneity.

Plants infected by insect-vectored phytoplasma (“Candidatus Phytoplasma spp.”)
feature a pathological morphology that includes virescence (abnormal green col-

oration) and phyllody (development of leaf-like structures) in floral tissues (1). In
cultivated plants, such as canola (Brassica napus L.), this altered plant development
results in abnormal inflorescence morphology with a reduced seed set, decreasing the
value of the crop (2).

Highly symptomatic B. napus plants were observed in Saskatoon, Canada
(52.155°N, 106.57°W), in July 2017. Inflorescence tissue from a single plant (100 mg [wet
weight]) was used for DNA extraction using a Qiagen plant DNA minikit. Genomic DNA
(1 �g) was used as input for bacterial DNA selection (NEBNext microbiome enrichment
kit; New England BioLabs). The DNA remaining after selection was sheared by sonica-
tion using a Bioruptor 300 (Diagenode) on high power, with 30 cycles (30 s on/30 s off)
at 4°C. Fragmented DNA (average size, 303 bp) was prepared for sequencing using the
NEBNext Ultra DNA library prep kit for Illumina (New England BioLabs) and then
sequenced on the MiSeq platform (600 cycles). This generated 1.24 million paired reads,
which were mapped to publicly available aster yellows phytoplasma (AYp) genomes
(“Ca. Phytoplasma asteris” CYP, GenBank accession no. JSWH00000000, and “Ca. Phy-
toplasma asteris” OY-M, GenBank accession no. NC_005303) using Bowtie 2 version
2.3.3.1 (3). This retrieved 81,266 Illumina reads, which provided a fragmented genome
(661 scaffolds) on assembly using SOAPdenovo2 version 2.01 (4). To improve the
assembly, further sequencing was performed using the Oxford Nanopore sequencing
platform (ONT, London, UK). Total genomic DNA was purified from inflorescence tissue
using a column-free protocol (5), and long fragments were size selected using AMPure
XP beads (Beckman Coulter) at 0.45 (vol/vol). Microbial DNA was selected as described
above, and 356 ng was prepared for sequencing with a native barcoding kit 1D (ONT)
and then sequenced on a nanopore flow cell R9.4. ONT sequencing provided 94,981
reads that ranged in length from 101 to 78,510 bp (mean, 1,743 bp). The mean quality
score of the reads was 11.4 (range, 4.91 to 15.95). Illumina reads that mapped to AYp
genomes (81,266 reads) were combined with unfiltered ONT reads for coassembly with
Unicycler version 0.4.4 (6), with default parameters. This assembly resulted in 11
scaffolds, of which 6 scaffolds corresponded to Brassica napus DNA and 5 scaffolds were
determined to derive from “Ca. Phytoplasma asteris” by BLAST (7). The 5 scaffolds
corresponding to “Ca. Phytoplasma asteris” ranged in length from 4,092 to 382,354 bp
and provided a draft genome sequence (8) with an average coverage of 146�. The
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finished genome sequence was annotated using the Prokaryotic Genome Annota-
tion Pipeline version 3.1 (9).

The assembled genome of “Ca. Phytoplasma asteris” strain TW1 contained
743,598 bp (28.3% G�C content). A total of 741 genes were annotated in the genomic
sequence, including 457 coding genes, 36 RNA-encoding genes, and 248 pseudogenes.
The genome sequence contained two distinct 16S rRNA-encoding genes that were
located on a single scaffold. The restriction digestion pattern of one of these genes
corresponded to 16SrI-B (F � 1.00) using the iPhyClassifier (10), while the other copy
corresponded to 16SrI-A (F � 0.97). The single-copy phytoplasma taxonomic marker
cpn60 (11) typed as I-IB (F � 1.00) using random fragment length polymorphism (RFLP)
analysis (12). Other taxonomic markers, including secY, secA, nusA, and rp, were also
found in a single copy in the genome sequence. This indicates that “Ca. Phytoplasma
asteris” TW1 is a 16SrI strain featuring 16S rRNA-encoding gene heterogeneity (13).

Data availability. The sequence data for this complete genome have been depos-
ited at DDBJ/EMBL/GenBank under the accession no. QGKT00000000. Raw sequence
reads (ONT and Illumina) have been deposited to the NCBI Sequence Read Archive with
accession no. SRP154591.

ACKNOWLEDGMENT
This work was supported by the Western Grains Research Foundation, grant AGR-

14988.

REFERENCES
1. Lee I-M, Davis RE, Gundersen-Rindal DE. 2000. Phytoplasma: phyto-

pathogenic Mollicutes. Annu Rev Microbiol 54:221–255. https://doi
.org/10.1146/annurev.micro.54.1.221.

2. Olivier CY, Galka B, Séguin-Swartz G. 2010. Detection of aster yellows
phytoplasma DNA in seed and seedlings of canola (Brassica napus and B.
rapa) and AY strain identification. Can J Plant Pathol 32:298 –305. https://
doi.org/10.1080/07060661.2010.508616.

3. Langmead B, Salzberg SL. 2012. Fast gapped-read alignment with Bow-
tie 2. Nat Methods 9:357–359. https://doi.org/10.1038/nmeth.1923.

4. Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, He G, Chen Y, Pan Q, Liu Y,
Tang J, Wu G, Zhang H, Shi Y, Liu Y, Yu C, Wang B, Lu Y, Han C, Cheung
DW, Yiu SM, Peng S, Xiaoqian Z, Liu G, Liao X, Li Y, Yang H, Wang J, Lam
TW, Wang J. 2012. SOAPdenovo2: an empirically improved memory-
efficient short-read de novo assembler. Gigascience 1:18. https://doi.org/
10.1186/2047-217X-1-18.

5. Schwessinger B, McDonald M. 2017. High quality DNA from fungi for
long read sequencing e.g. PacBio, Nanopore MinION. https://doi.org/10
.17504/protocols.io.hadb2a6.

6. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Com-
put Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

7. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403. https://doi.org/10.1016/S0022
-2836(05)80360-2.

8. Chain PS, Grafham DV, Fulton RS, Fitzgerald MG, Hostetler J, Muzny D, Ali
J, Birren B, Bruce DC, Buhay C, Cole JR, Ding Y, Dugan S, Field D, Garrity
GM, Gibbs R, Graves T, Han CS, Harrison SH, Highlander S, Hugenholtz P,
Khouri HM, Kodira CD, Kolker E, Kyrpides NC, Lang D, Lapidus A, Malfatti

SA, Markowitz V, Metha T, Nelson KE, Parkhill J, Pitluck S, Qin X, Read TD,
Schmutz J, Sozhamannan S, Sterk P, Strausberg RL, Sutton G, Thomson
NR, Tiedje JM, Weinstock G, Wollam A, Genomic Standards Consortium
Human Microbiome Project Jumpstart Consortium, Detter JC. 2009.
Genomics. Genome project standards in a new era of sequencing.
Science 326:236 –237. https://doi.org/10.1126/science.1180614.

9. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky
L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic
Genome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi
.org/10.1093/nar/gkw569.

10. Zhao Y, Wei W, Lee I-M, Shao J, Suo X, Davis RE. 2009. Construction of an
interactive online phytoplasma classification tool, iPhyClassifier, and its
application in analysis of the peach X-disease phytoplasma group
(16SrIII). Int J Syst Evol Microbiol 59:2582–2593. https://doi.org/10.1099/
ijs.0.010249-0.

11. Dumonceaux TJ, Green M, Hammond C, Perez E, Olivier C. 2014. Molec-
ular diagnostic tools for detection and differentiation of phytoplasmas
based on chaperonin-60 reveal differences in host plant infection
patterns. PLoS One 9:e116039. https://doi.org/10.1371/journal.pone
.0116039.

12. Pérez-López E, Olivier CY, Luna-Rodríguez M, Dumonceaux TJ. 2016.
Phytoplasma classification and phylogeny based on in silico and in vitro
RFLP analysis of cpn60 universal target sequences. Int J Syst Evol Micro-
biol 66:5600 –5613. https://doi.org/10.1099/ijsem.0.001501.

13. Lee I-M, Gundersen-Rindal DE, Davis RE, Bottner KD, Marcone C, See-
müller E. 2004. “Candidatus Phytoplasma asteris,” a novel phytoplasma
taxon associated with aster yellows and related diseases. Int J Syst Evol
Microbiol 54:1037–1048. https://doi.org/10.1099/ijs.0.02843-0.

Town et al.

Volume 7 Issue 12 e01109-18 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/QGKT00000000
https://www.ncbi.nlm.nih.gov/sra/SRP154591
https://doi.org/10.1146/annurev.micro.54.1.221
https://doi.org/10.1146/annurev.micro.54.1.221
https://doi.org/10.1080/07060661.2010.508616
https://doi.org/10.1080/07060661.2010.508616
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1186/2047-217X-1-18
https://doi.org/10.1186/2047-217X-1-18
https://doi.org/10.17504/protocols.io.hadb2a6
https://doi.org/10.17504/protocols.io.hadb2a6
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1126/science.1180614
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1099/ijs.0.010249-0
https://doi.org/10.1099/ijs.0.010249-0
https://doi.org/10.1371/journal.pone.0116039
https://doi.org/10.1371/journal.pone.0116039
https://doi.org/10.1099/ijsem.0.001501
https://doi.org/10.1099/ijs.0.02843-0
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENT
	REFERENCES

