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Abstract

It was performed the whole-genome sequencing of two phytoplasma strains in the 16Sr1l group, PR34 and PRO8, associated
with phyllody and witches’ broom disease in the common weed, Parthenium hysterophorus. These phytoplasmas are associated
with diseases in numerous pulse crops in India. Complete circular genomes were obtained after multiple sequencing attempts,
employing DNA pre-processing and hybrid assemblies that combined short and long-read sequences. These genomes, deposited
under GenBank accession numbers CP097206 and CP097207, offer valuable insights into the pathogenicity and evolutionary

molecular characteristics of phytoplasma enclosed in the 16Sr1l group.
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Introduction

Phytoplasmas are phloem-inhabiting obligate plant
pathogens linked with different diseases in legumes,
horticultural crops, and weed species across the globe (Duduk
et al, 2018). In India ‘Candidatus Phytoplasma aurantifolia’
and ‘Ca. P. australasia’, are associated with phyllody and
witches’ broom diseases in various economically important
crops and their associated weeds (Thorat et al, 2016; 2017,
Kirdat et al,2020b). Weeds, in particular, serve as secondary
hosts for phytoplasmas (Rao et al, 2017; Duduk et al, 2018).
Given the significant economic impact of these
phytoplasmas, the genomes of two strains (PRO8 and PR34)
detected in the common weed Parthenium hysterophorus
were sequenced. The goal was to gain a better understanding
of the genome structure of this pathogen and to shed light
on the factors responsible for its pathogenicity. These newly
obtained genome sequences are expected to enhance
comprehension of the biology of 16Sr1l phytoplasmas and
aid in developing effective strategies for managing the
diseases associated with them.

Materials and Methods

P hysterophorus plants exhibiting typical phyllody and
witches’ broom symptoms were collected from the Pune
region of Maharashtra state of India. The presence of
phytoplasmas was confirmed by PCR amplification followed
by Sanger sequencing of the 16S rRNA gene from all samples
(Deng and Hiruki, 1991; Kirdat et al, 2022). The identity of

phytoplasmas strains PR34 and PRO8 was confirmed using
the EzBioCloud database (Yoon et al, 2017). The genomic DNA
was extracted from infected leaf tissue using the CTAB
method and enriched for prokaryotic DNA selection using the
NEBNext microbiome enrichment kit (New England BioLabs,
USA). The enriched DNA was sequenced on the Illumina
NovaSeq 6000 and Oxford Nanopore Technology (ONT)
MinION platform following the manufacturer’s instructions
and described previously (Ranebennur et al, 2022).

The bioinformatics pipelines described by Kirdat et al
(2020a) was used to generate hybrid genome assemblies of
strains PRO8 and PR34. Briefly, all QC-passed Illumina reads
were subjected to metagenomic assembly using MEGAHIT
v113 (Li et al, 2016), followed by taxonomic binning using
MetaBAT2 v2.12.1 (Kang et al, 2015). The raw reads obtained
from both platforms were mapped to all 16SrIl genomes
available on NCBIand phytoplasma-specific bin using Bowtie2
v2.3.51 (Langmead and Salzberg, 2012) and minimap2 v2.22-
r110 (Li, 2018). These mapped reads were used to generate
hybrid assembly in Unicycler v0.4.8 (Wick et al, 2017). The
order and orientation of contigs were determined, and
scaffolding was done by MeDuSa v1.6 (Bosi et al, 2015). The
assemblies were curated for low coverage bases, submitted to
the DDBJ/ENA/GenBank database, and underwent annotation
with PGAP (Zhao etal, 2012). The OGRI values were obtained
using the EzBioCloud orthoANI calculator (Yoon et al, 2017)
and GGDC (Auch et al, 2010). The obtained genomes were
characterized for the presence of various genome features,
especially related to pathogenicity.
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Results and Discussion

The phytoplasma-specific reads were assigned to generate
Unicycler assemblies for strains PR34 and PROS. The 16S
rRNA gene fetched from these genomes found their closest
match with reference sequences of ‘Ca. P. aurantifolia’ (strain
WBDL, GenBank accession number Ul5442) and ‘Ca. P.
australasia’ (strain Carica papaya, GenBank accession number
Y10097), respectively. For PR34, six contigs spanning 614,946
bp were obtained in the first attempt, while PRO8 generated
a single circular genome sequence of 588,746 bp. All shorter
contigs lacking significant similarity to phytoplasma
sequences were removed. The PR34 and PRO8 genomes were
inspected manually and curated for low coverage bases. The
annotated protein sequences of both genomes were verified
for their association with phytoplasma using BLASTx
searches. The MeDuSa oriented and scaffolded contigs of the
strains PR34 and PRO8 yielded a single circular chromosome
of size 614,574 bp and 588,746 bp (GenBank accession
numbers CP097206 and CP097207), respectively.

Table 1. Genome statistics of sequenced strains.

Strain ID PR34 PRO8
Contig 1 1
Genome length 614,574 588,746
Proteins 474 468
rRNAs 6 6

tRNAs 28 27
Coding density 70.61 72.74
%GC 24.65 24.36

The genome of strain PR34 has the smallest reported size
among phytoplasmas in the 16Srll group, with a genome
coverage of 5700X for Illumina reads and 180X for ONT.
PR34 assembly had two rRNA operons, 474 protein-coding
genes, 28 tRNA genes, 18 pseudogenes, and 24.65% G+C
content. The genome coverage of strain PROS for lllumina
reads was 2750X, and for ONT, it was 70X. The final assembly
showed 24.36% G+C content and included two rRNA operons,
27 tRNA genes, 468 protein-coding genes,and 15 pseudogenes
(Table 1). The genome features of both 16Sr1I strains include
the presence of a wide range of homologs of effector proteins,
the absence of potential mobile units (PMUs), the presence
of superoxide dismutase (SOD) gene, multiple copies of
truncated hemolysin genes, and the presence of
characteristic full-length and truncated group Il introns.
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