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Abstract

The Plasmodiophorida (Phytomyxea, Rhizaria) are a group of protists that infect plants. Of this 

group, Spongospora subterranea causes major problems for the potato industry by causing 

powdery scab and root galling of potatoes and as vector for the Potato mop-top virus (PMTV) 

(genus Pomovirus, family Virgaviridae). A single tuber isolate (SSUBK13) of this uncultivable 

protist was used to generate DNA for Illumina sequencing. The data were assembled to a draft 

genome of 28.08 Mb consisting of 2,340 contigs and an L50 of 280. A total of 10,778 genes were 

predicted and 93% of the BUSCO genes were detected. The presented genome assembly is only 

the second genome of a plasmodiophorid. The data will accelerate functional genomics to study 

poorly understood interaction of plasmodiophorids and their hosts.

Genome Announcement

Spongospora subterranea belongs to the Plasmodiophorida (Phytomyxea, Rhizaria) 

(Neuhauser et al. 2014; Sierra et al. 2016). This soilborne, obligate biotrophic protist is 

present in most potato-growing regions worldwide (Gau et al. 2013). It causes powdery scab 

of potato tubers, root galling in its host, reduces tuber yield, and transmits the Potato mop-
top virus (PMTV) (genus Pomovirus, family Virgaviridae) (Balendres et al. 2016; Falloon et 

al. 2016). It can also diminish the growth of other solanaceous crops, such as tomatoes 

(Solanum lycopersicum) (Balendres et al. 2018). Because of their intracellular growth and 

obligate host–dependent life style, genomic data for plasmodiophorids are rare, although 

those pathogens cause substantial crop damage, e.g., in brassicas, sugar beet, or gramineous 

crops (Schwelm et al. 2018). So far, the only publicly available whole-genome data of 

plasmodiophorids are from the clubroot pathogen Plasmodiophora brassicae (Bi et al. 2016; 

Schwelm et al. 2015). Therefore, the here-presented S. subterranea data now enables 

comparative analyses between plasmodiophorid plant pathogens.

The genome data described here were generated from DNA of purified sporosori 

(characteristic aggregates of haploid resting spores) from potatoes originating from Lower 

Saxony, Germany (IB2016400). Sporosori from an individual potato tuber were collected to 
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generate a single tuber isolate (SSUBK13). To reduce the amount of bacterial contamination, 

sporosori were immersed in lysis solution (GeneJET plasmid miniprep kit; Thermo-

Scientific) for 5 min before washing twice by centrifugation in sterile water. Sporosori were 

purified by sequential filtering using CellTrics strainers (Sysmex). Material between 20 and 

50 mm was collected and a subsample of the sporosori was visually checked for the 

presence of fungal and bacterial contamination prior DNA extraction. Sporosori were snap-

frozen in liquid nitrogen and disrupted using a Fastprep 24 5G homogenizer (MP 

Biomedicals, LLC). For lysis, the material was incubated in cetyltrimethylammonium 

bromide buffer at 65°C for 10 to 12 h before iso-amylacohol and chloroform extraction and 

isopropanol precipitation of the DNA. A yellow-brown pigment coprecipitated with the 

DNA was separated from the DNA via gel electrophoresis. The genomic DNA of a size 

larger than 10 kb was purified from the gel using the ZYMO large-fragment DNA gel 

purification kit (Zymo Research Corporation). A strand-specific paired-end library (2× 150 

bp) was constructed and was sequenced using HiSeq 2500 technique (Illumina) at the 

Vienna Biocenter Core Facilities sequencing platform. Reads were quality checked using 

FastQC and sequencing adapters, and low-quality reads (sliding window 5 bp; average 

quality score <20) were removed using Trimmomatic v0.36 (Bolger et al. 2014). Only 

surviving read pairs in which each read was longer than 70 bp were processed further. To 

filter out reads from contaminating organisms (e.g., bacteria) and the host, reads that 

matched to the potato genome (Potato Genome Sequencing Consortium et al. 2011) or the 

National Center for Biotechnology Information (NCBI) bacterial reference database using 

Bowtie2 v2.2.6 (Langmead and Salzberg 2012) were removed. The so-filtered reads were 

assembled using Velvet v1.2.10 (Zerbino and Birney 2008) and SPAdes v3.11.1 (Bankevich 

et al. 2012). Velvet assembled (kmer set to 31) contigs (≥1,000 nt, coverage ≥13) were used 

in the SPAdes assembly (kmer settings 23, 33, 41, 55, 63) as untrusted contigs. From this 

assembly only contigs longer than 500 bp were used and were manually sorted based on 

coverage, blastN hit, and length. Contigs with coverage above 30 were selected when their 

BlastN hit did not exclusively match bacterial genomes or the potato genome. All other 

contigs were analyzed by BlastX, using the NCBI nr database and S. subterranea protein 

models (Schwelm et al. 2015) and contigs with their best hits matching only to P. brassicae 
or S. subterranea protein models were also kept. Gapfiller v1.10 (Boetzer and Pirovano 

2012) and SSPACE-standard v3.0 (Boetzer et al. 2011) were used to improve scaffolding.

The S. subterranea SSUBK13 genome draft presented here consists of 2,340 scaffolds with a 

total length of 28.08 Mb (229 N/100 kbp) and 1,150 scaffolds above 5 kb. The largest 

scaffold was 262,481 nt long (N50 value of 28,677; L50 value of 280). The GC content of 

45.7% is lower than the 58% for P. brassicae (Schwelm et al. 2015) but comparable to the 

46% GC content of the genome of the rhizarian Bigellowiella natans (Curtis et al. 2012). 

After repeat-masking (RepeatMasker program), a total of 10,778 genes were predicted using 

the BRAKER1 v2.0 pipeline (Hoff et al. 2016), a TopHat v2.1.0 (Kim et al. 2013)-created 

BAM-file, and available RNAseq reads (Schwelm et al. 2015; European Nucleotide Archive 

[ENA] BioProject PRJEB9159). The completeness of the genome assembly was estimated 

using BUSCO v2.0.1 (Simão et al. 2015), identifying 93% (88% complete, 5% partial) of 

the Eukaryota set. For P. brassicae, the only other sequenced Phytomyxea to date, 97% (94% 

complete, 3% partial) of BUSCO proteins are present in the isolate e3 (Schwelm et al. 
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2015). The presented genome draft contains the complete ribosomal DNA sequence 

(scaffold 678). The mitochondrial sequence was partially assembled from the unfiltered 

reads using MITObim (Hahn et al. 2013). Of the 10,780 predicted genes 1,991 could be 

categorized by KAAS (Moriya et al. 2007) to a KEGG category and 4,402 by eggNOG 

(Huerta-Cepas et al. 2016) to a COG (clusters of orthologous groups) category other than S, 

which is unknown function. SingalP v4.1 (Petersen et al. 2011) predicted 697 secreted 

proteins, of which 102 were classified as potential effectors by the fungal effector predictor 

EffectorP 2.0 (Sperschneider et al. 2018). Using dbCAN (Yin et al. 2012), 300 carbohydrate 

active enzymes (CAZymes) were predicted (e value < e−05).

The whole-genome sequence assembly (accessions OUQQ01000001 to OUQQ01002340) 

and the complete data set used in this report, including the Illumina raw reads have been 

deposited at the European Nucleotide Archive (ENA) under BioProject PRJEB26377 (Table 

1).
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Table 1
Metrics of the Spongospora subterranea SSUBK13 genome draft

Feature Numbers

Assembled genome size 28,084,886 nt

Number of scaffolds (>1 kb) 2,340 (2,255)

N50 28,677

L50 280

Largest scaffold 262,481 nt

Scaffolds >25 kb 339

BUSCOs 93% (271 complete, 15 partial)

Number of predicted genes 10,780

Number of predicted CAZymes 300

Number of predicted secreted proteins 697
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