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Abstract
Serendipita vermifera (=Sebacina vermifera) has demonstrated plant growth promoting abilities
with little or no host specificity. The full genome sequencing of Serendipita vermifera subsp.
bescii, the first North American strain, will provide insight into the mechanisms behind my-
corrhizal symbiosis and plant enhancement in a variety of agronomically important crops.

The family Serendipitaceae (formerly Sebacinales Group B) are a taxonomically, eco-
logically, and physiologically diverse group of fungi in the Basidiomycota. While historically
recognized as orchid mycorrhizae, recent DNA studies have brought to light both their
pandemic distribution and the broad spectrum of mycorrhizal types they form (Oberwinkler
et al. 2013). The orchid mycorrhizal fungus Serendipita vermifera (=Sebacina vermifera
isolate MAFF 305830) was first isolated from the Australian orchid Cyrtostylis reniformis
(Warcup 1988). Research performed with Serendipita vermifera clearly indicates its plant
growth promoting abilities in a variety of plants (Ghimire and Craven 2011; Ray and Craven
2016; Ray et al. 2015), demonstrating little or no host specificity. Considering their proven
beneficial impact on plant growth and their apparent ubiquity, Serendipitaceae should be
considered as a previously hidden, but amenable and effective microbial tool for enhancing
plant productivity and stress tolerance. Unfortunately, the agronomic utility of these fungi is
currently hampered by the paucity of strains available, the large majority isolated from
Australian orchids. It is likely that these Serendipitaceae have been overlooked by classical
culture-based approaches as they are notoriously difficult to isolate in culture (Berch et al.
2002; Selosse et al. 2007), a notion supported by studies comparing fungi detected by
culture-dependent and -independent approaches, the latter defined by direct amplification of
fungal ribosomal DNA (rDNA) from environmental samples. Hence full genome sequencing of
Serendipita vermifera subsp. bescii isolated from switchgrass (Panicum virgatum L.), the first
such strain from any North American plant (Craven and Ray 2017), will provide novel insight
into the phytobiome, genetic and physiological diversity, and the variety of mechanisms
employed by these fungi for mycorrhizal symbiosis and crop improvement not only in
switchgrass but also other agronomically important crops.

Serendipita vermifera subsp. bescii NFPB0129 was isolated from Noble Research Institute’s
switchgrass field located in Ardmore, Oklahoma, USA. The genome and transcriptome of this strain
were sequenced using the Illumina platform. DNA was extracted using DNeasy Plant Mini Kit
(Qiagen Inc., Germantown, MD) and RNA was extracted using Quick-RNA Miniprep (Zymo
Research Corp., Irvine, CA) following manufacturer’s instruction. One hundred nanograms of DNA
was sheared to 300 bp using the Covaris LE220 Focused-Ultrasonicator (Covaris, Inc., Woburn,
MA) and size selected using SPRI beads (Beckman Coulter, Brea, CA). The fragments were
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treated with end-repair, A-tailing, and ligation of Illumina compatible adapters (IDT, Inc., San Jose,
CA) using the KAPA-Illumina library creation kit (KAPA Biosystems, Wilmington, MA). A single
transcriptome library was generated by using total RNA from 14-day-old fresh vegetative mycelia
growing on modified Melin Norkan’s broth (Marx 1969) under static condition at optimum tem-
perature (~24°C) and pH (~7). For the transcriptome, cDNA libraries were generated using the
Illumina Truseq Stranded RNA LT kit following the manufacturer’s instructions. The prepared
libraries were quantified and then multiplexed into a pool, to generate a clustered flow cell
for sequencing. Sequencing of the flow cell was performed on the IlluminaHiSeq2500 sequencer,
following a 2 × 150 indexed run recipe. Genomic reads were QC-filtered for artifact/process
contamination/mitochondrion and assembled with AllPathsLG release version R49403 (Gnerre
et al. 2011) to produce a 36.85Mb assembly in 827 scaffolds. Using the JGI Annotation pipeline,
14,208 gene models were predicted (Grigoriev et al. 2013). Approximately 4% of the genome
was found to be repetitive by kmer analysis (Liu et al. 2013) of the fragment data.

Genome size and predicted number of genes of Serendipita vermifera subsp. bescii
NFPB0129 (this study) and Serendipita vermifera (MAFF 305830) (Kohler et al. 2015) are similar
to each other, while they are slightly larger than those of Serendipita indica (Zuccaro et al. 2011)
(Table 1).

Nucleotide sequence accession numbers. The genome sequences and annotations are
available at JGI MycoCosm (Grigoriev et al. 2013) https://genome.jgi.doe.gov/Sebvebe1. This
Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank under the ac-
cession PPET00000000. The version described in this paper is version PPET01000000.
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Table 1. Summary statistics for Serendipita vermifera subsp. bescii and its close relatives

Statistic
Serendipita vermifera Serendipita vermifera

Piriformospora indicasubsp. bescii NFPB0129 MAFF 305830

Reference This study (Kohler et. al. 2015) (Zuccaro et al. 2011)
Isolated from USA Australia India
Genome size (Mb) 36.9 38.1 25.0
Scaffold number 827 546 1,884
Scaffold N50 (kb) 205 319 52
Largest scaffold (Mb) 1.11 1.90 0.25
GC contents (%) 47.5 48.9 50.7
Repetitive DNA (%) 0.5 0.7 0.5
Protein coding genes 14,208 15,312 11,767
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