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Abstract Guangdong Province (grant
Pantoea anthophila CL1 is a causal agent of soft rot disease in Clausena lansium (wampee) ~ numbers 20188020205003,

in China and has inhibitory activity against the bacterial wilt pathogen Ralstonia sol-  2020B0202090001), and the
anacearum. Here we report the genome sequencing and analysis of P. anthophila CL1, ~ Guangdong Forestry Science and
representing the first complete genome resource of the species. The CL1 genome consists of Iﬁ?g:rlggzyo:ZF:ZJVSQ%BQPTOJECt (grant
four circular replicons (one chromosome and three plasmids), with a total size of 2020KJCX009). '
4,594,065 bp, and contains 4,109 protein-coding genes and 106 RNA genes. Our bio-

informatic analysis of CL1 predicted 228 virulence factors, two Type VI Secretion Systems,

and six secondary metabolite biosynthesis gene clusters producing saccharides, side- Keywords

rophores, and terpene. The complete genome sequence of P. anthophila CL1 provides a complete genome sequence,

solid foundation for further investigation of its pathogenesis and antimicrobial activity and also Pantoea anthophila, virulence factor,
represents a valuable resource for the comparative genomics of Pantoea. wampee soft rot
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The genus Pantoea is a highly diverse group of gram-negative bacteria that are dis-
tributed globally, ubiquitous in various environments, and associated with a wide range of
animals and plants (Walterson and Stavrinides 2015). In particular, P. agglomerans,
P. ananatis, P. stewartia, and other members of Pantoea have been recognized as path-
ogens of many economically important plants (e.g., rice, maize, and cotton) and are of
important agricultural relevance (Lv et al. 2022; Silva-Rojas et al. 2012; Tufail et al. 2020). At
the same time, Pantoea also contains beneficiary strains that can be utilized for environ-
mental modification, biocontrol of plant diseases, and plant growth promotion (Ishimaru et al.
2017; Pileggi et al. 2012). In our previous work, we identified P. anthophila CL1 as a causal
agent of soft rot disease and cracking on Clausena lansium (wampee), a fruit widely cultivated
in Asia (Zhou et al. 2015). Other P. anthophila strains have also been reported to infect
flowering plants naturally (Brady et al. 2009). Additionally, our further investigation found that
P. anthophila CL1 could also exhibit antagonistic activity against Ralstonia solanacearum,
one of the most notorious bacterial plant pathogens (Mansfield et al. 2012). However, the
study of P. anthophila is hindered by its rather limited genomic information; currently, only
three P. anthophila genomes are available in the NCBI GenBank database, all of which are
incomplete with tens of contigs (Table 1).

Here, we sequenced the genome of P. anthophila CL1 using both second- and third-
generation high-throughput sequencing technologies. Genomic DNA was extracted from
CL1 in Luria-Bertani medium culture using EasyPure Bacteria Genomic DNA Kit (Transgen,
Beijing, China). The harvested DNA was detected by agarose gel electrophoresis and
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Table 1. Genome features of Pantoea anthophila CL1 and three other P. anthophila strains

Pantoea anthophila strains

Genome features CL1 11-2 LMG 2558 EKM101A
Genome size (bp) 4,593,785 4,600,679 4,699,058 4,687,858
Number of scaffolds 4 16 66 75
N50 (bp) 3,909,012 453,410 238,228 537,232
GC content 56.88% 56.77% 56.76% 56.62%
Genes (total) 4,257 4,312 4,437 4,452
Coding genes 4,109 4171 4,265 4,298
Pseudo-genes 42 53 76 72
rRNAs 22 15 25 9
tRNAs 77 67 75 66
ncRNAs 7 6 6 7
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Fig. 1. Circular maps of the chromosome and plasmids of Pantoea anthophila CL1. In each map, the circles from outside to inside represent the
following: (i) features of the positive strand, showing coding sequence (CDS) (blue), rRNA (red), and pseudogenes (black); (ii) features of the
negative strand, showing CDS (green), rRNA (red), and pseudogenes (black); (iii) GC content; and (iv) GC-skew (pink and green indicate values
higher and lower than the mean value, respectively). It should be noted that the plasmid maps are displayed at a different scale from the
chromosome.

quantified by Qubit 2.0 Fluorometer (Thermo Scientific, Waltham, MA, U.S.A.). Fragmented
genomic DNA with an average size of 300 bp and long DNA fragments with an average size of
23 kbp were selected for library preparation and sequenced on BGISEQ-500 and Nanopore
PromethlON platforms, respectively, by Nextomics (Wuhan, China). In total, 1.53 Gb of short-
read sequencing data (~5.1M pairs of PE150 reads) and 1.54 Gb of long-read sequencing
data (82,964 reads with a mean length of 18,498 bp) were generated. The Nanopore se-
quencing data was assembled into four circular replicons using Flye v2.9.1 (Kolmogorov et al.
2019) with default options (same for all bioinformatic analyses unless specified otherwise),
and the resulting assembly was polished with both long- and short-read data using NextPolish
v1.4.1 (Hu et al. 2019). Almost identical results were obtained from a long-read-only assembly
using NextDenovo v2.5.0 (https:/github.com/Nextomics/NextDenovo) and a hybrid assembly
of both short- and long-read sequencing data using Unicycler v0.5.0 (Wick et al. 2017).
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The complete genome sequence of P. anthophila CL1 consists of one large chromo-
some (3,909,012 bp in size) and three smaller plasmids (454,539, 157,117, and 73,397 bp in
size, respectively), all of which have a similar GC content of ~57% (Fig. 1). QUSAT v5.2.0
(Gurevich et al. 2013) assessment with sequencing data did not detect any assembly errors.
Evaluations using BUSCO v5.4.2 (Manni et al. 2021) (with the options “-m geno” and “I
enterobacterales_odb10”) and CheckM v1.1.6 (Parks et al. 2015) both indicate that the
CL1 genome has a completeness level of 99.6%. Genome-based taxonomy classification
using GTDB-Tk v2.1.0 (Chaumeil et al. 2022) confirmed that CL1 belongs to P. anthophila as
it revealed a high Average Nucleotide Identity value (98.42%) between CL1 and the
P. anthophila type strain LMG 2558. So, the CL1 genome represents the first complete
genome assembly in P. anthophila, which is an important addition to the genomic resource of
Pantoea.

Annotation of the P. anthophila CL1 genome using PGAP v2022-10-03. build6384
(Tatusova et al. 2016) identified 4,109 protein-coding genes, 42 pseudogenes, 22 tRNAs,
77 rBNAs, and seven ncRNAs (Table 1). Functional annotations of CL1 protein-coding genes
were generated using the FACoP web server (de Jong et al. 2022). In addition, we compared
the annotated proteins of CL1 against the VFDB database and predicted 228 potential
virulence factors (BLASTp hits with e-value < 1e-20, identity > 50%, and coverage = 70%),
including 52 proteins related to motility, 46 proteins related to immune modulation, 44 po-
tential nutritional/metabolic factors, 35 proteins related to effector delivery system, 20 proteins
related to adherence, and 31 proteins involved in various other processes such regulation,
antimicrobial activity, and stress survival.

Notably, the annotation of CL1 did not predict any Type Il or lll Secretion Systems, which
are important pathogenicity determinants in many plant pathogens. As T2SS and T3SS were
also found to have patchy distributions in several other Pantoea species (De Maayer et al.
2017; Moretti et al. 2021), further genomic and experimental investigations are necessary to
determine their presence/absence and functional roles in Pantoea. On the other hand,
CL1 harbors two Type VI Secretion Systems (T6SSs), which might have important roles in the
pathogenicity and bacterial competition of CL1. We also predicted in the CL1 genome six
secondary metabolite biosynthesis gene clusters using antiSMASH v6.1.1 (Blin et al. 2019),
three of which are highly similar to clusters producing known compounds (i.e., carotenoid,
desferrioxamine E, and aryl polyenes), while the other three might produce novel saccharides
and non-ribosomal peptides. These compounds, the two T6SSs, and other genes related to
antimicrobial activity might collectively contribute to the inhibitory effect of CL1 against
R. solanacearum. Interestingly, the other three P. anthophila strains are also predicted to
have the same set of biosynthesis gene clusters and one to two T6SSs, suggesting that they
might also have the same antagonistic activity as CL1.

In summary, the complete genome sequence of P. anthophila CL1 we present in this
study provides a solid foundation for further investigation of its pathogenesis and antimicrobial
activity and represents a valuable resource for the comparative genomics of Pantoea.

Data Availability

The complete genome sequence and raw genome sequencing data of P. anthophila
CL1 have been deposited at National Center for Biotechnology Information (NCBI) under the
GenBank accessions CP110471.1 to CP110474.1, Bioproject accession PRJNA893243,
and Biosample accession SAMN31416257. The annotation data generated in this study has
been deposited in the figshare repository at https:/figshare.com/articles/online_resource/
Complete_genome_assembly_and_annotation_of_Pantoea_anthophila_CL1/21385029.
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