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The complete genome of “Candidatus Phytoplasma fraxini” 
AshY1 from the ash yellows group
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ABSTRACT The complete genome of “Candidatus Phytoplasma fraxini” AshY1, 
originating from Fraxinus americana in North America, was assembled using long reads 
from single-molecule real-time sequencing technology. The chromosome of 598 kb 
provides insights into the effector repertoire of a phytopathogenic bacterium from the 
16SrVII phytoplasma group.
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T he obligate biotrophic bacteria of “Candidatus Phytoplasma” are limited to the plant 
phloem and insects. Many of the phytopathogenic members can cause chlorosis in 

plants, including the ash-yellow pathogens of the 16SrVII group. “Candidatus Phyto­
plasma fraxini” was observed in several ash species (Fraxinus spp.) in North and South 
America. Associated symptoms are yellowing, shoot proliferation, and suppressed root 
growth on ash and lilac species (Syringa spp.) (1). Besides detections in ash, other tree 
species of the family Euphorbiaceae, Magnoliaceae, Salicaceae, and Fagaceae have been 
described as hosts (2). However, the host range is not restricted to woody plants, as 
“Candidatus Phytoplasma fraxini” has also been detected in potatoes (2–4).

The AshY1 strain of “Candidatus Phytoplasma fraxini” originated in Ithaca (New York, 
United States) in white ash (Fraxinus americana) and was transferred to Catharanthus 
roseus (5). The sequencing template was metagenomic DNA prepared from infected C. 
roseus shoot and leaf material using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, 
Germany). A high-fidelity library for single-molecule real-time (SMRT)-sequencing was 
prepared using SMRTbell prep kit 3.0 (Pacbio, California, USA) without additional DNA 
fragmentation. The fragment library was sequenced on a Sequel IIe device (Pacbio) at the 
Max Planck Genome-Centre (Cologne, Germany) with Binding Kit 2.0 (Pacbio) and Sequel 
II Sequencing Kit 2.0 (Pacbio). A total of 310,838 metagenomic reads were obtained, 
of which 11,518 reads (N50 of 5834) were assigned to the genus “Candidatus Phyto­
plasma” by taxonomic binning using BLAST+ v2.2.9, Metagenome Analyzer (MEGAN) 
v.6.18.2 (6), and a custom database of assigned nucleotide data entries from “Candida­
tus Phytoplasma” and Catharanthus roseus in GenBank (accession: January 2024). The 
remaining reads were assembled with Canu v2.2 (7) using the pacbio-hifi option and 
an estimated genome size of 600 kb. A contiguous, circular sequence with a 67.17-fold 
coverage was achieved. Sequence overlap of >10 kb was confirmed through BLAST 
analysis. Subsequently, the sequence overlap was manually removed using Artemis 
v18.2.0 (8). Annotation of the complete chromosome was performed in RAST v2.0 (9) 
followed by manual curation in Artemis v18.2.0 (8), with dnaA set as the first gene of 
the chromosome. The completeness of the annotation is supported by the comparison 
with 151 single-copy orthologs (94%) from the Mollicutes group using BUSCO (10). Reads 
not considered in the chromosome assembly were subjected to an additional taxonomic 
binning and screened for extrachromosomal DNA of AshY1. No plasmid was identified. 
Default parameters were used for all software unless otherwise specified.

July 2024  Volume 13  Issue 7 10.1128/mra.00318-24 1

Editor David A. Baltrus, The University of Arizona, 
Tucson, Arizona, USA

Address correspondence to Jan W. Böhm, 
jan.boehm@uni-hohenheim.de.

The authors declare no conflict of interest.

Received 9 April 2024
Accepted 22 May 2024
Published 11 June 2024

Copyright © 2024 Böhm et al. This is an open-access 
article distributed under the terms of the Creative 
Commons Attribution 4.0 International license.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
12

 N
ov

em
be

r 
20

24
 b

y 
19

5.
37

.4
6.

25
4.

https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00318-24&domain=pdf&date_stamp=2024-06-11
https://doi.org/10.1128/mra.00318-24
https://creativecommons.org/licenses/by/4.0/


The genome of “Candidatus Phytoplasma fraxini” AshY1 consists of one circular 
chromosome with 598,519 bp in length, a GC content of 23.24%, 32 tRNAs, 512 
protein-coding genes, and 23 pseudogenes. Interestingly, the genomic content of AshY1 
encodes insect vector-associated membrane proteins (e.g., VmpB) and a putative shoot 
proliferation-inducing effector (e.g., SAP11-like), which are shared with closely related 
16SrV phytoplasmas (11).
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