
The Role of Potential Mobile Units in
Phytoplasma Genome Evolution

Phytoplasmas are insect-transmitted plant pathogens that impact agriculture worldwide. The study of these bacteria is difficult 
because they have remained uncultivated. Fortunately, the advancements in sequencing technologies led to breakthroughs in 
genomic analysis. In previous reports, potential mobile units (PMUs) identified in phytoplasmas were hypothesized to be associated 
with their genome plasticity and virulence gene evolution. However, this hypothesis has not been formally tested, partly due to the 
limitation of genome availability. To date, only five of the 33 characterized 16S rRNA (16Sr) groups (i.e., equivalent of species) have 
complete genomes available. In this study, we determined the complete genome of a ‘Candidatus Phytoplasma luffae’ strain, which 
causes witches’ broom disease of loofah and is the first representative of the 16SrVIII group.

• A complete genome sequence was determined for ‘Ca. P. 
luffae’, the first for the 16SrIIIV group and improved the 
taxon sampling.

• Comparison of putative effector genes uncovered 
variations in presence/absence and copy numbers. Several 
candidates were identified for future functional studies.

• Genus-level comparisons identified that the PMUs are 
strongly correlated with the genome size.

Gene Length 
(aa)

SP 
likelihood*

Cleavage 
site 

Cleavage 
score

LFWB_1320 71 0.85 34-35 0.62

LFWB_6530 838 0.86 30-31 0.75

LFWB_6840 75 0.72 34-35 0.56

This work was supported by Academia Sinica and the Ministry of Science 
and Technology of Taiwan. We thank Ai-Ping Chen and Shu-Jen Chou for 
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(A) CIRCOS plot of the ‘Ca. P. luffae’ NCHU2019 genome. Rings from the outside in: 
(1 and 2) protein-coding genes on the forward and reverse strand, (3) PMUs, (4) GC 
skew, and (5) GC content. (B) Gene organization of the 13 PMUs.

*: Signal peptide (SP) presence probability predicted by SignalP-5.0

(A) Phylogenetic distribution of the four known phytoplasma effectors.
(B) Alignment of the SAP54 from ‘Ca. P. luffae’ and ’Ca. P. ziziphi.’ Variation 
was found at between-species level but not the within-species level.
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Maximum likelihood phylogeny based on the 16S rRNA gene. All 33 16Sr groups and 
43 of described ‘Candidatus Phytoplasma’ (Ca. P.) species are included.


