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ABSTRACT

Background: Rosenbergiella nectarea strain 8N4", the type species of the genus
Rosenbergiella, was isolated from Amygdalus communis (almond) floral nectar.
Other strains of this species were isolated from the floral nectar of Citrus

paradisi (grapefruit), Nicotiana glauca (tobacco tree) and from Asphodelus aestivus.
R. nectarea strain 8N4" is a Gram-negative, oxidase-negative, facultatively anaerobic
bacterium in the family Enterobacteriaceae.

Results: Here we describe features of this organism, together with its genome
sequence and annotation. The DNA GC content is 47.38%, the assembly size is
3,294,717 bp, and the total number of genes are 3,346. The genome discloses the
possible role that this species may play in the plant. The genome contains both
virulence genes, like pectin lyase and hemolysin, that may harm plant cells and genes
that are predicted to produce volatile compounds that may impact the visitation rates
by nectar consumers, such as pollinators and nectar thieves.

Conclusions: The genome of R. nectarea strain 8N4" reveals a mutualistic
interaction with the plant host and a possible effect on plant pollination and fitness.

Subjects Ecology, Microbiology, Plant Science
Keywords Rosenbergiella nectarea, Flower, Nectar, Whole genome, Attractant, Repellant, Pectinase,
Pyocin

INTRODUCTION

Floral nectar is a unique and harsh environment that contains mainly sugar (up to 90% of
dry weight) and other compounds, such as amino acids, organic acids, lipids, essential oils,
polysaccharides, vitamins, antioxidants, minerals and secondary metabolites (Fridman

et al., 2012). Floral nectar is regarded as a reward and a key component between
animal-pollinated plants and their pollinators (Brandenburg et al., 2009). Gilliam,
Moffett ¢ Kauffeld (1983) and Ehlers ¢~ Olesen (1997) were the first who found indications
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for the presence of microorganisms in floral nectar. It took 15 years before more detailed
studies regarding the identity of the bacterial communities in the nectar of different
plant species was published (Fridman et al., 2012; Alvarez-Pérez ¢ Herrera, 2013). Since
then, intensive research was conducted in this specific ecological niche and the data and
publications are accumulating at an exponential rate.

Rosenbergiella nectarea strain 8N4 (=LMG 261217 =DSM 24150") is the type
species of the genus Rosenbergiella and was isolated from floral nectar of Amygdalus
communis (almond) in northern Israel (Fridman et al., 2012; Halpern et al., 2013).

R. nectarea strains were also isolated by Fridman et al. (2012) and Samuni-Blank et al.
(2014) from floral nectar of Nicotiana glauca (tobacco tree), Citrus paradisi (grapefruit)
and Asphodelus aestivus. The prevalence of R. nectarea strains out of the total cultured
floral nectar microbiota in floral nectar of almond, tobacco, grapefruit and A. aestivus were
41.2%, 12.5%, 42.0% and 4.5%, respectively (Fridman et al., 2012; Samuni-Blank et al.,
2014).

The genus Rosenbergiella is a member in the family Enterobacteriaceae and currently
includes four species: the R. nectarea strain 8N4" (the type species), which was isolated
and identified by Halpern et al. (2013) and R. australiborealis, R. collisarenosi and
R. epipactidis, which were isolated and identified by Lenaerts et al. (2014). Lenaerts et al.
(2014) isolated Rosenbergiella species from the floral nectar of different plant species in
different countries: Epipactis palustris (Belgium and France), Iris xiphium (Spain),
Narcissus papyraceus (Spain) and Protea roupelliae and P. subvestita (South Africa).

Here we describe the features of R. nectarea strain 8N4' together with the analyses
and annotation of the strain’s draft genome sequence. The genome reveals the possible
role that R. nectarea may play in its host. The genome contains both virulence
genes that may harm plant cells and genes that may produce volatile compounds,
which may impact visitation rates by nectar consumers, such as pollinators and nectar
thieves.

MATERIALS AND METHODS

The draft genome of R. nectarea strain 8N4" was generated at the US Department of

Energy (DOE), Joint Genome Institute (JGI) (jgi.doe.gov). This project was part of the
Genomic Encyclopedia of Type Strains, Phase III (KMG-III): the genomes of soil and

plant-associated and newly described type strains (Whitman et al., 2015).

Genomic DNA preparation

Rosenbergiella nectarea strain 8N4T was grown in Luria broth (LB) (HiMedia, Mumbai,
India) supplemented with 10% sucrose at 28 °C. Cells were harvested by centrifugation and
genomic DNA was extracted using a DNA isolation kit (DNeasy Blood & Tissue Kit,
Qiagen, Germany), according to the manufacturer’s instructions. The purity of the
genomic DNA preparation was assessed by PCR amplification and partial sequencing of
the 16S rRNA gene. The pure genomic DNA was shipped to DOE, JGI for genome
sequencing.
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Genome sequencing and assembly

The draft genome of R. nectarea strain 8N4" was generated using Illumina technology
(Bennett, 2004). In order to construct the Illumina library, 200 ng of DNA was sheared
to 300 bp using the Covaris LE220 (Covaris, Woburn, MA, USA) and size selected
using SPRI beads (Beckman Coulter, Brea, CA, USA). The fragments were treated with
end-repair, A-tailing and ligation of Illumina compatible adapters (IDT, Inc., San Diego,
CA, USA) using the KAPA-Illumina library creation kit (KAPA Biosystems,
Wilmington, MA, USA). The prepared library was quantified using KAPA Biosystem’s
next-generation sequencing library qPCR kit and run on a Roche LightCycler 480
real-time PCR instrument. The quantified library was then multiplexed with other
libraries, and the pool of libraries was then prepared for sequencing on the Illumina
HiSeq sequencing platform utilizing a TruSeq paired-end cluster kit, v4 and Illumina’s
cBot instrument to generate a clustered flow cell for sequencing. Sequencing of the
flow cell was performed on the Illumina HiSeq 2500 sequencer using HiSeq TruSeq
SBS sequencing kits, v4, following a 2 x 150 indexed run recipe. The Illumina HiSeq
platform generated 3,294,717 reads and 867 Mb. Reads with more than one “N”, or
with quality scores (before trimming) averaging less than 8, or reads shorter than

51 bp (after trimming), were discarded. Remaining reads were mapped to masked
versions of human, cat and dog references using BBMAP (BBTools version 35.82)
(http://sourceforge.net/projects/bbmap), and discarded if identity exceeded 95%.
Sequence masking was performed with BBMask (BBTools version 35.82)
(http://sourceforge.net/projects/bbmap). The following steps were then performed for
assembly: (1) artifact-filtered Illumina reads were assembled using SPAdes (version
3.6.2) (Bankevich et al., 2012); (2) assembly contigs were discarded if the length was
<1 kbp. Parameters for the SPAdes assembly were: —cov-cutoff auto—phred-offset
33 -t 8 -m 40—careful-k 25,55,95—12.

Genome annotation

Protein-coding genes were identified using Prodigal version 2.50 (Hyatt et al., 2010), as
part of the DOE-JGI genome-annotation pipeline (Huntemann et al., 2015; Chen et al.,
2016). Additional gene prediction analysis and manual functional annotation were
performed within the Integrated Microbial Genomes platform, which provided tools for
analyzing and reviewing the structural and functional annotations of genomes in a
comparative context (Chen et al., 2017). Table 1 summarizes the genome product
information.

Electron microscopy

For electron microscopy, we used a JEM-1200EX electron microscope (JEOL). Bacterial
cells were grown on both LB agar (HiMedia, Mumbai, India) and LB agar supplemented
with 10% sucrose for 48 h at 28 °C and were then suspended in saline water (0.85%
NaCl). Samples were fixed to a carbon-coated grid and stained with 2% uranyl acetate; they
were then photographed using the JEOL microscope mentioned above.
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Table 1 Genome sequencing project information.

MIGS ID* Property Term
MIGS 31.1 Finishing quality High quality draft
MIGS 28 Libraries methods Mlumina regular fragment, 300 bp, tubes
MIGS 29 Sequencing platform Mumina HiSeq 2500-1TB
MIGS 31.2 Fold coverage 263x
MIGS 30 Assembly method ALLPATHS v. r46652
MIGS 32 Gene-calling method Prodigal
Locus tag A8730
GenBank ID FOGC00000000
GenBank date of release 3 September 2016
GOLD ID Gp0131806
BIOPROJECT PRJNA322879
MIGS 13 Source material identifier DSM 24150"
Project relevance KMG-III: genomes of plant-associated type strains
Note:

MIGS, Minimum Information about a Genome Sequence (Field et al., 2008).

RESULTS

Rosenbergiella nectarea strain 8N4" belongs to the Enterobacteriaceae family.

A neighbor-joining tree based on 16S rRNA gene sequences shows that its closest
relatives are plant-associated species: Rosenbergiella, Phaseolibacter and Izhakiella
(Lenaerts et al., 2014; Aizenberg-Gershtein et al., 2016a, 2016b) (Fig. 1). Electron-
microscope imaging enabled the measurement of strain 8N4 cells. R. nectarea strain 8N4"
is rod-shaped and variable in size (0.6-1.1 mm wide and 1.2-3.0 mm long). Interestingly,
the bacterial cells are nonflagellated rods when grown on culture media supplemented
with sucrose (Fig. 2A). However, when cells are grown on media without sucrose
supplementation, flagella can be observed (Fig. 2B).

After 48 hours of incubation on LB agar supplemented with 10% sucrose at 28 °C
under aerobic conditions, colonies of R. nectarea strain 8N4 ' are circular and smooth
with a yellow/orange pigment. This species demonstrates poor growth in the absence of
sucrose. The strain grows at 4-35 °C (optimum 28-30 °C), with 0.0-5.0% (w/v) NaCl
(optimum 3% NaCl) and with 0-60% sucrose (optimum 10-25% sucrose) (Halpern et al.,
2013). Table 2 shows a summary of the strain’s classification and general features.

Genome properties

The assembly of the draft genome sequence resulted in 30 scaffolds amounting to
3,294,717 bp, and the GC content was 47.38% (Table 3). The number of predicted genes
was 3,346, of which 3,236 encoded proteins and 110 encoded RNAs. The majority of
the protein-coding genes (78.12%) were assigned a putative function, while the remaining
ones were annotated as hypothetical proteins. In total we assigned 2,337 (69.84%) of the
genes. Figure 3 shows the distribution of genes into functional categories of clusters of
orthologous groups (COGs). There are some indications of the presence of a prophage in
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Figure 1 Phylogenetic tree based on 16S rRNA gene sequences, highlighting the position of
R. nectarea strain 8N4" relative to type species within the order Enterobacteriales. The sequence
alignments were performed using the CLUSTAL W program and the tree was generated using the
neighbor-joining method in MEGA 5 software. The nucleotide substitution model used in the analysis
was Maximum Composite Likelihood. Bootstrap values (from 1,000 replicates) greater than 40% are
shown at the branch points. The bar indicates 0.01 substitutions per nucleotide position.

Full-size k&) DOT: 10.7717/peer;j.8822/fig-1
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Figure 2 Electron micrograph of negatively stained cells of R. nectarea strain 8N4*. Cells are non-
flagellated rods when grown on culture media supplemented with sucrose. (A) However, cells with a
flagellum can be seen when the strain is grown on culture media without the supplementation of sucrose.
(B) Bar, 0.5 and 1.0 um (A and B, respectively). Full-size K&l DOT: 10.7717/peerj.8822/fig-2

the genome of strain 8N4". The prophage genes are presented in Fig. 4 and listed in
Table S1. Some of the traits that were found in the genome of R. nectarea strain 8N4" are
listed in Table S2.

DISCUSSION

Insights from the genome sequencing of strain 8N4"

Rosenbergiella nectarea strain 8N4 is a plant associated bacteria. Some genes found in this
species’ genome are virulence genes that reveal the potential of this species to attack
plant tissues. For example, R. nectarea strain 8N4" possesses two genes: pectate lyase and
pectin lyase fold/virulence factor. Pectin is an oligosaccharide of the plant cell wall. Pectin
and pectate lyase are virulence factors that degrade the pectic components of the plant
cell wall into oligosaccharides (Hugouvieux-Cotte-Pattat, Condemine & Shevchik, 2014)
(Table S2). The genome of R. nectarea strain 8N4" also encodes five hemolysin genes:
hemolysin, which contains CBS domains (Radulovic et al., 1999); hemolysin III;
hemolysin-activation/secretion protein; putative hemolysin; MarR family transcriptional
regulator, and transcriptional regulator for hemolysin. The virulence factor hemolysin
has a lytic activity on eukaryotic cells. Three copies of a gene encoding filamentous
hemagglutinin family N-terminal domain are encoded in the genome of strain 8N4,
representing another virulence trait of this bacterium. The filamentous, hemagglutinin-like
family of adhesin genes includes very long proteins from a number of plant and animal
pathogens (Rojas et al., 2002). Pili, fimbriae or flagella also have a role in adhering the
bacteria to its host and, thus, are also considered as virulence factors (Sauer et al., 2000).
The potential of R. nectarea strain 8N4" to produce pili and fimbriae is evident from the
presence of the following genes: (i) major type-1 subunit fimbrin (pilin), (ii) prepilin-
peptidase-dependent protein D, (iii) minor fimbrial subunit and (iv) fimbrial-chaperone
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Table 2 Classification and general features of R. nmectarea strain 8N4" according to Minimum
Information about a Genome Sequence (MIGS) recommendations (Field et al., 2008).

MIGS ID Property Term Evidence code”
Classification Domain Bacteria TAS (Woese, Kandler & Wheelis, 1990)
Phylum Proteobacteria TAS (Garrity & Lilburn, 2005)
Class Gammaproteobacteria ~ TAS (Garrity, Holt & Lilburn, 2005)
Order Enterobacterales TAS (Garrity, 2001)
Family Enterobacteriaceae TAS (Octavia ¢ Lan, 2014)
Genus Rosenbergiella TAS (Halpern et al., 2013)
Species Rosenbergiella TAS (Halpern et al., 2013)
nectarea
Type strain DSM 24150" TAS (Halpern et al., 2013)
Gram stain Negative TAS (Halpern et al., 2013)
Cell shape Rod-shaped TAS (Halpern et al., 2013)
Motility Motile TAS (Halpern et al., 2013)
Sporulation Non-sporulating IDS
Temperature range  4-35 °C TAS (Halpern et al., 2013)
Optimum 28-30 °C TAS (Halpern et al., 2013)
temperature
Energy metabolism Chemoheterotrophic TAS (Halpern et al., 2013)
Carbon source Glucose TAS (Halpern et al., 2013)

MIGS-6  Habitat Floral nectar TAS (Halpern et al., 2013)
MIGS-6.3 Salinity Halotolerant TAS (Halpern et al., 2013)
MIGS-22  Oxygen requirement  Facultative anaerobic TAS (Halpern et al., 2013)
MIGS-15 Biotic relationship Free living, plant TAS (Halpern et al., 2013)
host-associated
MIGS-14 Pathogenicity Non-pathogenic NAS
MIGS-4  Geographic location ~ Northern Israel TAS (Halpern et al., 2013)
MIGS-5  Collection date March-June 2009 TAS (Halpern et al., 2013)
Note:

* Evidence codes: IDA, Inferred from Direct Assay; TAS, Traceable Author Statement (i.e., a direct report exists in the
literature); NAS, Non-traceable Author Statement (i.e., not directly observed for the living, isolated sample but based on
a generally accepted property for the species or anecdotal evidence). Evidence codes are from the Gene Ontology project

(Ashburner et al., 2000).

protein. The existence of flagella is indicated by the presence of the gene c-di-GMP-
binding flagellar-brake protein YcgR, which contains PilZNR and PilZ domains (Table S2).

An interesting feature found in the genome of R. nectarea strain 8N4" is genes for
S-type pyocin production (Table S2). Pyocins are polypeptide toxins that have antibacterial
activity. S-type pyocins cause cell death by DNA breakdown due to endonuclease
activity (Michel-Briand ¢ Baysse, 2002). A bacterium’s production of antibiotics that act to
inhibit other bacterial species is an advantage when they compete with other species in the
same habitat (e.g., floral nectar).

Another noteworthy feature that can be observed in the whole genome sequence of
R. nectarea strain 8N4, is the presence of 44 genes of a prophage. There are some
indications in the genes listed in Table S1 that this may be a P2-like prophage. P2 has a
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Table 3 General statistics for the genome of R. nectarea strain 8N4".

Attribute Value % of Total
Genome size (bp) 3,294,717 100.00
DNA coding (bp) 2,908,564 88.28
DNA GC (bp) 1,561,061 47.38
DNA scaffolds 30 100.00
Total genes 3,263 100.00
Protein-coding genes 3,073 96.71
RNA genes 110 3.29
Genes in internal clusters 605 18.08
Genes with function prediction 2,614 78.12
Genes assigned to COGs 2,337 69.84
Genes with Pfam domains 2,763 82.58
Genes with signal peptides 270 8.07
Genes with transmembrane proteins 703 21.01
Note:

COGs, clusters of orthologous groups; Pfam, a database of protein families.

COGs

Chromatin structure and dynamics |

RNA processing and modification

Cell cycle control, cell division, chromosome partitioning
Secondary metabolites biosynthesis, transport and catabolism |
Defense mechanisms |

Nucleotide transport and metabolism |

Lipid transport and metabolism
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Cell motility

Intracellular trafficking, secretion and vesicular transport
Posttranslational modification, protein tumover, chaperones
Replication, recombination and repair

Function unknown

Energy production and conversion

Inorganic ion transport and metabolism

Transcription

Carbohydrate transport and metabolism
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Cell wall/membrane/envelope biogenesis

Translation, ribosomal structure and biogenesis

Amino acid transport and metabolism

Coenzyme transport and metabolism
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Figure 3 Number of genes assigned to COG categories for R. nectarea strain 8N4”.
Full-size E&) DOI: 10.7717/peerj.8822/fig-3

double-strand linear DNA molecule, an icosahedral capsid and a contractile tail and is
found in members of the Enterobacteriaceae family (Christie ¢ Calendar, 2016) (Fig. 4;
Table S1).

Fridman et al. (2012) hypothesized that bacteria that inhabit nectar may modify their
chemical compositions; for example, bacteria in the nectar may produce volatiles that may
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Figure 4 R. nectarea strain 8N4 prophage genes. The presence of 44 genes of a prophage within the
genome of R. nectarea (see also Table S1). The figures in the diagram represent the number of genes
counted. Full-size k&l DOI: 10.7717/peer;j.8822/fig-4

affect flower visitors. Subsequently, Rering et al. (2017) demonstrated that microbial
inhabitants of floral nectar produce different volatiles that may influence visitation of a
generalist pollinator. Interestingly, the genome of R. nectarea strain 8N4" demonstrates
that this species has the potential to produce different volatiles that may act in

different ways on plant visitors. The presence of carbamate kinase may indicate that the
bacteria produce a volatile repellant, because the function of carbamate kinase is allantoin
catabolism to oxamate and carbamoyl phosphate. Allantoin was reported as a chemical
compound in floral nectar (Kevan ¢ Baker, 1983) and oxamate (the product of allantoin
degradation by carbamate kinase) was reported as an insect repellant (Shatskaya, 1987;
Mosin, Turlakov & Mikhal’chenkov, 2000).

By using the antiSMASH database (Blin et al., 2019), we found that R. nectarea strain
8N4" has the potential to produce terpenes. The core biosynthetic genes for terpene
biosynthesis that were found in strain 8N4" are lycopene beta-cyclase and phytoene
synthase. Terpenes are volatiles that can deter herbivores and attract pollinators
(Perveen & Al-Taweel, 2018). The presence of the gene for squalene/phytoene synthase
implies that R. nectarea strain 8N4" has the potential to produce squalene—an insect
attractant (Dutton et al., 2002; Jones et al., 2011) (Table S1).

CONCLUSIONS

The genome of R. nectarea strain 8N4" suggests potential roles that this species may play
in the plant. On the one hand, it encodes virulence genes, like pectin lyase, hemolysin, pili
and fimbria, that may cause damage to the plant tissue. On the other hand, it contains
genes for producing volatile compounds, like squalene and terpenes, which may attract
pollinators, as well as oxamate and terpenes, which may deter plant herbivores and
nectar robbers like thrips. R. nectarea strain 8N4" also has the potential to produce the
antibiotic pyocin that enables it to thrive in its nectar habitat. Thus, we hypothesize that
R. nectarea may have mutualistic interactions with the plant host and may affect plant
pollination and fitness. However, more research is needed to confirm this hypothesis.

Laviad-Shitrit et al. (2020), Peerd, DOI 10.7717/peerj.8822 9/13


http://dx.doi.org/10.7717/peerj.8822/supp-1
http://dx.doi.org/10.7717/peerj.8822/supp-1
http://dx.doi.org/10.7717/peerj.8822/fig-4
http://dx.doi.org/10.7717/peerj.8822
https://peerj.com/

Peer/

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This project has been supported by the Community Sequencing Program of the U.S.
Department of Energy’s Joint Genome Institute. The sequencing, assembly and automated
genome analysis work at the DOE-JGI was supported by the Office of Science of the U.S.
Department of Energy under Contract No. DE-AC02-05CH11231. This work was also
supported by a grant from the Israel Science Foundation (ISF, grant no. 296/16; Prof.
Ido Izhaki and Prof. Malka Halpern, PIs). There was no additional external funding
received for this study. The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Community Sequencing Program of the U.S. Department of Energy’s Joint Genome
Institute.

Office of Science of the U.S. Department of Energy: DE-AC02-05CH11231.

Israel Science Foundation (ISF): 296/16.

Competing Interests
Nikos C. Kyrpides is an Academic Editor for Peer]. The authors declare that they have no
competing interests.

Author Contributions

e Sivan Laviad-Shitrit analyzed the data, prepared figures and/or tables, and approved the
final draft.

e Ido Izhaki prepared figures and/or tables, authored or reviewed drafts of the paper, and
approved the final draft.

e William B. Whitman analyzed the data, prepared figures, authored or reviewed drafts of
the paper, and approved the final draft.

e Nicole Shapiro analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

e Tanja Woyke analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

e Nikos C. Kyrpides analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

e Malka Halpern analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The Whole Genome Shotgun project is available at NCBI ENA:
FOGC01000001-FOGC01000030 and at NCBI IMG: GCF_900111105.1.

Laviad-Shitrit et al. (2020), Peerd, DOI 10.7717/peerj.8822 10/13


http://dx.doi.org/10.7717/peerj.8822
https://peerj.com/

Peer/

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peer;j.8822#supplemental-information.

REFERENCES

Aizenberg-Gershtein Y, Izhaki I, Lapidus A, Copeland A, Reddy TBK, Huntemann M, Pillay M,
Markowitz V, Goker M, Woyke T, Klenk HP, Kyrpides NC, Halpern M. 2016a. High quality
permanent draft genome sequence of Phaseolibacter flectens ATCC 12775T, a plant pathogen of
French bean pods. Standards in Genomic Sciences 11:4 DOI 10.1186/s40793-015-0127-5.

Aizenberg-Gershtein Y, Laviad S, Samuni-Blank M, Halpern M. 2016b. Izhakiella capsodis gen.
nov., sp. nov., in the family Enterobacteriaceae, isolated from the mirid bug Capsodes infuscatus.
International Journal of Systematic and Evolutionary Microbiology 66(3):1364-1370
DOI 10.1099/ijsem.0.000886.

Alvarez-Pérez S, Herrera CM. 2013. Composition, richness and nonrandom assembly of
culturable bacterial-microfungal communities in floral nectar of Mediterranean plants.
FEMS Microbiology Ecology 83(3):685-699 DOI 10.1111/1574-6941.12027.

Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP, Dolinski K,
Dwight SS, Eppig JT, Harris MA, Hill DP, Issel-Tarver L, Kasarskis A, Lewis S, Matese JC,
Richardson JE, Ringwald M, Rubin GM, Sherlock G. 2000. Gene ontology: tool for the
unification of biology. Nature Genetics 25(1):25-29 DOI 10.1038/75556.

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin VM,
Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV, Vyahhi N, Tesler G,
Alekseyev MA, Pevzner PA. 2012. SPAdes: a new genome assembly algorithm and its
applications to single-cell sequencing. Journal of Computational Biology 19(5):455-477
DOI 10.1089/cmb.2012.0021.

Bennett S. 2004. Solexa Ltd. Pharmacogenomics 5(4):433-438 DOI 10.1517/14622416.5.4.433.

Blin K, Shaw S, Steinke K, Villebro R, Ziemert N, Lee SY, Medema MH, Weber T. 2019.
antiSMASH 5.0: updates to the secondary metabolite genome mining pipeline. Nucleic Acids
Research 47(W1):W81-W87 DOI 10.1093/nar/gkz310.

Brandenburg A, Dell’Olivo A, Bshary R, Kuhlemeier C. 2009. The sweetest thing: advances in
nectar research. Current Opinion in Plant Biology 12(4):486-490 DOI 10.1016/j.pbi.2009.04.002.

Chen I-MA, Markowitz VM, Chu K, Palaniappan K, Szeto E, Pillay M, Ratner A, Huang J,
Andersen E, Huntemann M, Varghese N, Hadjithomas M, Tennessen K, Nielsen T,
Ivanova NN, Kyrpides NC. 2017. IMG/M: integrated genome and metagenome comparative
data analysis system. Nucleic Acids Research 45(D1):D507-D516 DOI 10.1093/nar/gkw929.

Chen I-MA, Markowitz VM, Palaniappan K, Szeto E, Chu K, Huang J, Ratner A, Pillay M,
Hadjithomas M, Huntemann M, Mikhailova N, Ovchinnikova G, Ivanova NN, Kyrpides NC.
2016. Supporting community annotation and user collaboration in the integrated microbial
genomes (IMG) system. BMC Genomics 17(1):307 DOI 10.1186/512864-016-2629-y.

Christie GE, Calendar R. 2016. Bacteriophage P2. Bacteriophage 6(1):e1145782
DOI 10.1080/21597081.2016.1145782.

Dutton A, Mattiacci L, Amado R, Dorn S. 2002. A novel function of the triterpene squalene in a
tritrophic system. Journal of Chemical Ecology 28(1):103-116 DOI 10.1023/A:1013514903036.

Ehlers BK, Olesen JM. 1997. The fruit-wasp route to toxic nectar in Epipactis orchids? Flora
192(3):223-229 DOI 10.1016/S0367-2530(17)30787-9.

Laviad-Shitrit et al. (2020), Peerd, DOI 10.7717/peerj.8822 11/13


http://dx.doi.org/10.7717/peerj.8822#supplemental-information
http://dx.doi.org/10.7717/peerj.8822#supplemental-information
http://dx.doi.org/10.1186/s40793-015-0127-5
http://dx.doi.org/10.1099/ijsem.0.000886
http://dx.doi.org/10.1111/1574-6941.12027
http://dx.doi.org/10.1038/75556
http://dx.doi.org/10.1089/cmb.2012.0021
http://dx.doi.org/10.1517/14622416.5.4.433
http://dx.doi.org/10.1093/nar/gkz310
http://dx.doi.org/10.1016/j.pbi.2009.04.002
http://dx.doi.org/10.1093/nar/gkw929
http://dx.doi.org/10.1186/s12864-016-2629-y
http://dx.doi.org/10.1080/21597081.2016.1145782
http://dx.doi.org/10.1023/A:1013514903036
http://dx.doi.org/10.1016/S0367-2530(17)30787-9
http://dx.doi.org/10.7717/peerj.8822
https://peerj.com/

Peer/

Field D, Garrity G, Gray T, Morrison N, Selengut J, Sterk P, Tatusova T, Thomson N, Allen M]J,
Angiuoli SV, Ashburner M, Axelrod N, Baldauf S, Ballard S, Boore J, Cochrane G, Cole J,
Dawyndt P, De Vos P, De Pamphilis C, Edwards R, Faruque N, Feldman R, Gilbert J,
Gilna P, Glockner FO, Goldstein P, Guralnick R, Haft D, Hancock D, Hermjakob H,
Hertz-Fowler C, Hugenholtz P, Joint I, Kagan L, Kane M, Kennedy J, Kowalchuk G,
Kottmann R, Kolker E, Kravitz S, Kyrpides N, Leebens-Mack J, Lewis SE, Li K, Lister AL,
Lord P, Maltsev N, Markowitz V, Martiny J, Methe B, Mizrachi I, Moxon R, Nelson K,
Parkhill J, Proctor L, White O, Sansone S-A, Spiers A, Stevens R, Swift P, Taylor C,
Tateno Y, Tett A, Turner S, Ussery D, Vaughan B, Ward N, Whetzel T, San Gil I, Wilson G,
Wipat A. 2008. The minimum information about a genome sequence (MIGS) specification.
Nature Biotechnology 26(5):541-547 DOI 10.1038/nbt1360.

Fridman S, Izhaki I, Gerchman Y, Halpern M. 2012. Bacterial communities in floral nectar.
Environmental Microbiology Reports 4(1):97-104 DOI 10.1111/j.1758-2229.2011.00309.x.

Garrity GM. 2001. Taxonomic outline of the archaea and bacteria. In: Bergey’s Manual of
Systematic Bacteriology. Second Edition. New York: Springer.

Garrity GM, Holt JG, Lilburn T. 2005. Class III. Gammaproteobacteria class. nov. In: Bergey’s
Manual of Systematic Bacteriology. Second Edition. New York: Springer.

Garrity GM, Lilburn T. 2005. Phylum XIV. Proteobacteria phyl. nov. In: Bergey’s Manual of
Systematic Bacteriology. Second Edition. New York: Springer.

Gilliam M, Moffett JO, Kauffeld NM. 1983. Examination of floral nectar of citrus, cotton, and
arizona desert plants for microbes. Apidologie 14:199-302 DOI 10.1051/apido:19830403.

Halpern M, Fridman S, Atamna-Ismaeel N, Izhaki I. 2013. Rosenbergiella nectarea gen. nov., sp.
nov., in the family Enterobacteriaceae, isolated from floral nectar. International Journal of
Systematic and Evolutionary Microbiology 63(Pt. 11):4259-4265 DOI 10.1099/ijs.0.052217-0.

Hugouvieux-Cotte-Pattat N, Condemine G, Shevchik VE. 2014. Bacterial pectate lyases,
structural and functional diversity. Environmental Microbiology Reports 6(5):427-440
DOI 10.1111/1758-2229.12166.

Huntemann M, Ivanova NN, Mavromatis K, Tripp HJ, Paez-Espino D, Palaniappan K, Szeto E,
Pillay M, Chen I-MA, Pati A, Nielsen T, Markowitz VM, Kyrpides NC. 2015. The standard
operating procedure of the DOE-JGI Microbial Genome Annotation Pipeline (MGAP v.4).
Standards in Genomic Sciences 10(1):86 DOI 10.1186/s40793-015-0077-y.

Hyatt D, Chen G-L, Locascio PF, Land ML, Larimer FW, Hauser LJ. 2010. Prodigal: prokaryotic
gene recognition and translation initiation site identification. BMC Bioinformatics 11(1):119
DOI 10.1186/1471-2105-11-119.

Jones VP, Steffan SA, Wiman NG, Horton DR, Miliczky E, Zhang Q-H, Baker CC. 2011.
Evaluation of herbivore-induced plant volatiles for monitoring green lacewings in Washington
apple orchards. Biological Control 56(1):98-105 DOI 10.1016/j.biocontrol.2010.10.001.

Kevan PG, Baker HG. 1983. Insects as flower visitors and pollinators. Annual Review of
Entomology 28(1):407-453 DOI 10.1146/annurev.en.28.010183.002203.

Lenaerts M, Alvarez-Pérez S, De Vega C, Van Assche A, Johnson SD, Willems KA, Herrera CM,
Jacquemyn H, Lievens B. 2014. Rosenbergiella australoborealis sp. nov., Rosenbergiella
collisarenosi sp. nov. and Rosenbergiella epipactidis sp. nov., three novel bacterial species isolated
from floral nectar. Systematic and Applied Microbiology 37(6):402-411
DOI 10.1016/j.syapm.2014.03.002.

Michel-Briand Y, Baysse C. 2002. The pyocins of Pseudomonas aeruginosa. Biochimie
84(5-6):499-510 DOI 10.1016/S0300-9084(02)01422-0.

Laviad-Shitrit et al. (2020), Peerd, DOI 10.7717/peerj.8822 1213


http://dx.doi.org/10.1038/nbt1360
http://dx.doi.org/10.1111/j.1758-2229.2011.00309.x
http://dx.doi.org/10.1051/apido:19830403
http://dx.doi.org/10.1099/ijs.0.052217-0
http://dx.doi.org/10.1111/1758-2229.12166
http://dx.doi.org/10.1186/s40793-015-0077-y
http://dx.doi.org/10.1186/1471-2105-11-119
http://dx.doi.org/10.1016/j.biocontrol.2010.10.001
http://dx.doi.org/10.1146/annurev.en.28.010183.002203
http://dx.doi.org/10.1016/j.syapm.2014.03.002
http://dx.doi.org/10.1016/S0300-9084(02)01422-0
http://dx.doi.org/10.7717/peerj.8822
https://peerj.com/

Peer/

Mosin VM, Turlakov AP, Mikhal’chenkov AS. 2000. Comparative estimate of proteide, oxalan

and oxamate acts for blood-sucking insects. In: International Scientific-Practical Conference,
Minsk (Belarus). BRIEV.

Octavia S, Lan R. 2014. The Family Enterobacteriaceae. The Prokaryotes - Gammaproteobacteria.
Fourth Edition. Verlag Berlin Heidelberg: Springer.

Perveen S, Al-Taweel A. 2018. Introductory chapter: terpenes and terpenoids. London: IntechOpen.

Radulovic S, Troyer JM, Beier MS, Lau AO, Azad AF. 1999. Identification and molecular analysis
of the gene encoding Rickettsia typhi hemolysin. Infection and Immunity 67(11):6104-6108
DOI 10.1128/1AL.67.11.6104-6108.1999.

Rering CC, Beck JJ, Hall GW, McCartney MM, Vannette RL. 2017. Nectar-inhabiting
microorganisms influence nectar volatile composition and attractiveness to a generalist
pollinator. New Phytologist 220(3):750-759 DOI 10.1111/nph.14809.

Rojas CM, Ham JH, Deng W-L, Doyle JJ, Collmer A. 2002. HecA, a member of a class of adhesins
produced by diverse pathogenic bacteria, contributes to the attachment, aggregation, epidermal
cell killing, and virulence phenotypes of Erwinia chrysanthemi EC16 on Nicotiana clevelandii
seedlings. Proceedings of the National Academy of Sciences of the United States of America
99(20):13142-13147 DOI 10.1073/pnas.202358699.

Samuni-Blank M, Izhaki I, Laviad S, Bar-Massada A, Gerchman Y, Halpern M. 2014. The role of
abiotic environmental conditions and herbivory in shaping bacterial community composition in
floral nectar. PLOS ONE 9(6):€99107 DOI 10.1371/journal.pone.0099107.

Sauer F, Mulvey M, Schilling J, Martinez J, Hultgren S. 2000. Bacterial pili: molecular
mechanisms of pathogenesis. Current Opinion in Microbiology 3(1):65-72
DOI 10.1016/S1369-5274(99)00053-3.

Shatskaya OP. 1987. Study of amitrase and oxamate efficiency in controlling chalcids-parasites of
the cocoons of alfalfa leaf-cutting bee (Megachile rotundata F.)][Russian]. In Bidlleten’
Vsesoitizznogo ordena Lenina nauchno-issledovatel’skogo instituta éksperimental'noi veterinarii
imeni IA.R. Kovalenko. Byulleten’ VNII ehksperimental’noj veterinarii im. Ya.R.Kovalenko.
Available at http://agris.fao.org/agris-search/search.do?recordID=SUI19900065608.

Whitman WB, Woyke T, Klenk HP, Zhou Y, Lilburn TG, Beck BJ, De Vos P, Vandamme P,
Eisen JA, Garrity G, Hugenholtz P, Kyrpides NC. 2015. Genomic encyclopedia of bacterial
and archaeal type strains, phase III: the genomes of soil and plant-associated and newly
described type strains. Standards in Genomic Sciences 10(1):26 DOI 10.1186/s40793-015-0017-x.

Woese CR, Kandler O, Wheelis ML. 1990. Towards a natural system of organisms: proposal for
the domains Archaea, Bacteria, and Eucarya. Proceedings of the National Academy of Sciences of
the United States of America 87(12):4576-4579 DOI 10.1073/pnas.87.12.4576.

Laviad-Shitrit et al. (2020), Peerd, DOI 10.7717/peerj.8822 13/13


http://dx.doi.org/10.1128/IAI.67.11.6104-6108.1999
http://dx.doi.org/10.1111/nph.14809
http://dx.doi.org/10.1073/pnas.202358699
http://dx.doi.org/10.1371/journal.pone.0099107
http://dx.doi.org/10.1016/S1369-5274(99)00053-3
http://agris.fao.org/agris-search/search.do?recordID=SU19900065608
http://dx.doi.org/10.1186/s40793-015-0017-x
http://dx.doi.org/10.1073/pnas.87.12.4576
http://dx.doi.org/10.7717/peerj.8822
https://peerj.com/

	Draft genome of Rosenbergiella nectarea strain 8N4T provides insights into the potential role of this species in its plant host
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


