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Draft Genome Sequences of 27 Rhizogenic Agrobacterium
Biovar 1 Strains, the Causative Agent of Hairy Root Disease
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ABSTRACT Rhizogenic Agrobacterium biovar 1 strains are important plant pathogens that
cause hairy root disease in Cucurbitaceae and Solanaceae crops cultivated under hydroponic
conditions. In contrast to tumorigenic agrobacteria, only a few genome sequences of
rhizogenic agrobacteria are currently available. Here, we report the draft genome sequences
of 27 rhizogenic Agrobacterium strains.

n the past decade, hairy root disease (HRD), which is caused by rhizogenic Agrobacterium

strains, has been increasingly reported in hydroponic greenhouses worldwide, pointing
to the increasing importance and significant economic impact of this disease (1, 2). The
Agrobacterium genus is part of the Rhizobiaceae family, and its taxonomy has undergone
many changes since it was first delineated in 1942 (3). Initially, taxonomy was based on
disease symptoms produced in plants, with Agrobacterium tumefaciens causing crown
galls (tumorigenic strains), Agrobacterium rhizogenes causing HRD (rhizogenic strains), and
Agrobacterium radiobacter being nonpathogenic (4). Later, Agrobacterium strains were clas-
sified into biovar 1 strains (including tumorigenic, rhizogenic, and nonpathogenic strains),
biovar 2 strains (including rhizogenic strains, currently reclassified as Rhizobium rhizogenes),
and biovar 3 strains (causing tumors on grapevines and recently reclassified as Allorhizobium
vitis) (4). Today, Agrobacterium biovar 1 strains are included in the Agrobacterium tumefaciens
species complex (AtSC), which consists of at least 15 different genomospecies (5). Interestingly,
6 genomospecies, namely, G1, G3, G4, G7, G9, and G20, have been reported to contain rhizo-
genic strains (6, 7). In contrast to tumorigenic Agrobacterium strains, few genome sequences
of rhizogenic Agrobacterium strains are currently available. To gain more insight into the
infection mechanism of rhizogenic agrobacteria, we selected a panel of 27 representative
strains of different genomospecies that were isolated from different hosts and countries
(Table 1). Seventeen strains were obtained from culture collections, while the remaining
strains were isolated from HRD-infested greenhouses, as discussed previously (2, 6). Briefly,
we cultivated bacteria obtained from infected tomato on semiselective medium and con-
firmed their identity with PCRs targeting virD2 and rolB.

For DNA isolation, each strain was cultivated in tryptic soy broth (TSB) (Oxoid) at 25°C for
24 h, and 500 L of a cell suspension was collected for DNA extraction using the phenol-
chloroform method (8). DNA concentration and quality were measured using a Qubit double-
stranded DNA (dsDNA) high-sensitivity kit (Invitrogen). lllumina paired-end libraries were
constructed using the MiniSeq mid output kit (300 cycles; lllumina) and subsequently
sequenced in-house using the MiniSeq or MiSeq platform (lllumina).

The raw paired-end reads were quality checked with FastQC v0.11.6 (9) and trimmed
and quality filtered (Phred quality score cutoff value, 33) with Trimmomatic v0.38 (10).
De novo genome assembly was conducted using either SPAdes v3.7.1 (11) or A5-miseq
v20160825 (12), (Table 1). The quality of the assemblies was assessed with QUAST v5.2.0
(13), BUSCO v5.4.2 (14), and Bandage v0.9.0 (15). The presence of Ri plasmid was checked
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by MOB-suite v3.1.0 (16) and BLAST v2.13.0 (17) with reference strain K599 (GenBank
accession number CP019703.3). The assembled genomes were annotated via the NCBI
Prokaryotic Genome Annotation Pipeline (PGAP) v6.4 (18). Default parameters were used
for all software. On average, this process resulted in the generation of 65 contigs per strain,
with N, values of 335 = 133 kbp. The average total assembly length was 5,468 *+ 366 kbp,
with an average GC content of 59.33% (Table 1). For each strain, 1 to 8 contigs were identi-

fied as the root-inducing virulence plasmid.
The availability of draft genomes of rhizogenic agrobacteria will contribute to further
studies on the taxonomic classification of rhizogenic strains within Agrobacterium and will
also allow an in-depth analysis of genes involved in HRD.
Data availability. The draft genome sequences of these bacterial strains have been
submitted to GenBank under the accession numbers indicated in Table 1. The assemblies
and raw reads are available in GenBank under BioProject accession numbers PRINA893450,
PRINA914635, and PRINA914038.
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