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Abstract

‘Candidatus Phytoplasma prunorum’ is associated with European stone fruit yel-
lows disease, affecting wild and cultivated species of Prunus at different degrees
of susceptibility, and so far is being mainly restricted to Europe. Here, we re-
port draft genome sequences for ‘Ca. Phytoplasma prunorum’ strains ESFY1
and LNS1, which represent the first available for this species. Strain ESFY1 is
the causal agent of the European stone fruit yellows disease of P persica in
Germany, and LNS1 is the causal agent of leptonecrosis disease of P, salicina in
Italy. Their draft genomes consist of 480,123 and 490,930 bases assembled into
28 and 16 contigs, with an average GC content of 21.1 and 20.7%, respectively.
Analysis of average nucleotide identity (ANI) values between genomes further
supported the delineation of ‘Ca. P prunorum’ as a species distinct from ‘Ca.

P. mali’, in agreement with previous phylogenetic data.
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‘Candidatus Phytoplasma spp.’ are associated with devastating diseases on a wide
host range of monocot and dicot plants worldwide, including numerous economically
important crops. They belong to the class Mollicutes, with a small genome size (averag-
ing around 750 kb), low GC content (21 to 28%), and no cell wall. Phytoplasmas dwell
in the plant phloem, are mainly insect-transmitted, and have not been obtained in pure
culture (Contaldo et al. 2016). This has led their identification and taxonomy to rely
on genetic relatedness as inferred primarily through restriction length polymorphism
(RFLP) and sequence analysis of the 16S rRNA gene, as well as other barcoding loci
(Bertaccini et al. 2022; IRPCM 2004; Lee et al. 1998).

‘Ca. P. prunorum’ is the agent associated with several economically important diseases
of stone fruit trees in Europe such as peach yellows, apricot chlorotic leaf roll, and
plum leptonecrosis amongst others and is referred to commonly as European stone fruit
yellows (ESFY) (Danet et al. 2011; Sabaté et al. 2016). ‘Ca. P. prunorum’ is a member
of the apple proliferation group or 16SrX (subgroup B; Lee et al. 1998) and is closely
related to 16SrX members ‘Ca. P. mali’ and ‘Ca. P. pyri’, which are responsible for
apple proliferation disease (AP) and pear decline (PD), respectively (Seemiiller and
Schneider 2004). Strain ESFY1 was obtained through dodder-transmitted periwinkle
from a symptomatic peach tree (Prunus persica var. persica ‘South Haven’) grown in
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Germany, while strain LNS 1 was obtained similarly from a symp-
tomatic plum tree (P. salicina cultivar Ozark Premier) grown in
the Udine region of Italy (Loi et al. 1995).

The genomic DNA used for sequencing was extracted accord-
ing to the method described by Prince et al. (1993), treated with
the New England Biolab’s Microbiome Enrichment Kit (NEB,
Ipswich, MA) to increase the sequencing depth of microbial
DNA, and purified using the Zymo Genomic DNA Clean and
Concentrator Kit (Zymo Research, Irvine, CA). Libraries were
prepared using the Illumina DNA Prep Kit with IDT Nextera
DNA UD Indexes Set A (Illumina, San Diego, CA). All libraries
were quantified using the Qubit fluorometer (Thermo Fisher,
Milan, Italy) and quality-verified for the presence of a single
amplicon band using an Agilent 4200 TapeStation (Agilent, Santa
Clara, CA). Libraries were sequenced using a NextSeq 2000
instrument with the P1 300-cycle Reagent Kit (2- x 150-bp read
length) (Illumina, San Diego, CA).

After sequencing, reads obtained from pooled libraries were
demultiplexed using the onboard NextSeq 2000 bcl2fastq2 v2.20
software, and the de novo genome assembly of draft genomes was
performed in two iterations. Briefly, Illumina reads were trimmed
with Trimmomatic v0.39 (Bolger et al. 2014) and used as input
for an initial de novo assembly using Velvet Optimizer (Zerbino
2010), which automatically determines the k-mer length using a
range of 53 to 99. To identify putative phytoplasma contigs in
the initial draft assembly, all contigs were queried against the
National Center for Biotechnology Information (NCBI) nonre-
dundant protein database using BLASTx v2.14.0 (Camacho et al.
2009). All contigs mapping to phytoplasma proteins with an e-
value cutoff of 1e > were extracted as putative phytoplasma con-
tigs. Putative plant contigs were identified and removed based on
BLASTn searches against the NCBI standard nucleotide collec-
tion database. In the second iteration of the assembly, the remain-
ing putative phytoplasma contigs from the initial assembly were
used as the reference to extract phytoplasma reads using bowtie2
(Langmead and Salzberg 2012). The extracted reads were used as
input for de novo assembly with the CLC Genomics Workbench
v23.0.2 using default parameters and a minimum contig length of
200 bp. The resulting contigs were confirmed as phytoplasma by
BLASTX searches of the NCBI nonredundant protein database
and BLASTn searches against the NCBI-nr database as well as
a local database of phytoplasma genomes. The 16S rRNA gene
sequences were identified and extracted from initial assemblies
using Barrnap v.0.9 (Seemann 2018).

Finally, the assembled genomes were processed to remove
contaminant sequences using Kraken2 in a similar manner to
Lu and Salzberg (2018). The genomes were first split into
100-bp overlapping pseudo-reads, with each pseudo-read begin-
ning every 50 bp. These reads were compared with a database with
RefSeq archaea, bacteria, viral, plasmid, human, vector, proto-
zoa, fungi, and plant. Any pseudo-read that was classified as eu-
karyote or with greater than 1% classified as nonphytoplasma
taxon was masked by replacing the sequence with ‘Ns’. Contigs
with nonmasked bases <100 bp in length were removed from
the final assembly. The completeness of the draft genome was

estimated by BUSCO version 4.0.6 (Seppey et al. 2019) and the
mollicutes database, consisting of 151 universal single-copy or-
thologs. Annotation was performed by Prokka v1.14.5 (Seemann
2014). The sequencing and assembly statistics for the draft
genomes generated in this study are presented in Table 1.

Average nucleotide identity (ANI) values were calculated
with the JSpeciesWS webserver (Richter et al. 2016) using
the ANIm algorithm between phytoplasma strains ESFY1 and
LNSI1, revealing that the two phytoplasmas were closely related
with a pairwise ANI score of 99.68%. On the other hand, a
comparison between the ‘Ca. P. prunorum’ ESFY1 and LNS1
genomes with the closely related ‘Ca. P. mali’ (BioSample ID
SAMEA?2272373) displayed a similarity of 91.12%, which is be-
low the 95% ANI species threshold recommended by the revised
guidelines for phytoplasma species delineation (Bertaccini et al.
2022). It is important to note that the difference in genomic iden-
tity observed between the released draft genomes in this work
(‘Ca. P. prunorum’) and ‘Ca. P. mali’ agrees with previous phylo-
genetic and serological data supporting the distinct circumscrip-
tion of phytoplasmas from AP, PD, and ESFY as distinct species
(Seemiiller and Schneider 2004).
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