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ABSTRACT Here, we report the annotated, near-complete genome sequence of
Allorhizobium vitis K377, a phytopathogenic Rhizobiales strain isolated from a grapevine in
South Australia. The assembled genome sequence is 6.40 Mb long, with 5,855 predicted
protein-coding sequences, 56 tRNAs, and 12 rRNAs, and contains ttuC (tartrate metabolism;
chromosomal) and nopaline synthesis, uptake, and catabolic genes (tumor-inducing
plasmid-encoded).

Grapevine crown gall is a serious chronic disease that can cause decreased production
or grapevine death (1, 2). The causal agent of crown gall on grapevine is Agrobacterium

vitis, now reclassified into the genus Allorhizobium (3). Virulent Allorhizobium vitis strains har-
bor a tumor-inducing plasmid (pTi) that upon infection integrates the transferred DNA (T-
DNA) region into the plant genome under the mediation of the vir (virulence) proteins (4).
The T-DNA genes mainly encode two kinds of products: (i) auxins, which promote cell divi-
sion and result in gall formation (5), and (ii) opines, which can be metabolized by some A.
vitis strains and used as an energy source (6). To date, the complete genome sequences of
A. vitis S4 (7) and K306 (8) are the only 2 reported complete A. vitis genome sequences.

A. vitis K377 was first isolated from a cv. Ramsey grapevine at Nuriootpa, South Australia,
in 1979 (9). A single colony of K377 (Kerr collection, University of Adelaide) was inoculated
into 5 ml yeast mannitol broth and grown overnight at 28°C. Genomic DNA purification was
performed using a PowerSoil kit (Qiagen). After shearing the purified DNA to 10 to 15 Kb
with a 26-gauge needle, the Blue Pippin system (Sage Science) was used to select fragments
between 10 and 25 Kb. For PacBio library preparation and sequencing, DNA was processed
using the SMRTbell template prep kit v1.0 (PacBio, Menlo Park, CA) and sequenced on a
PacBio Sequel instrument. A total of 1.65 Gb sequencing data with a read N50 of 6.79 Kb was
obtained, representing approximately 250� coverage.

A genome assembly was built from the PacBio sequence reads using Flye v2.8.1 (10) in
metagenome mode. The assembly consisted initially of seven contigs with an N50 value of
3.79 Mb. The PacBio reads were mapped back to the draft genome assembly using
Minimap2 v2.1 (11), and the mapping rate was 98.6%. BUSCO v4.1.3 (12) identified 96.7%
complete genes in the assembly out of 1,937 markers in the rhizobium-agrobacterium_
group_odb10 database, suggesting high integrity and completeness of the assembly. Three of
the seven contigs were demonstrated as circular sequences by manually linking the 39 and 59
ends and identifying spanning sequence reads using Minimap2 (Geneious Prime v2020.2.4).
LASTZ (13) was used to identify the similarity of each contig with closely related bacterial
species using default parameters (step length = 20, seed pattern = 12 of 19, HSP threshold
score = 3000; Geneious Prime plugin LASTZ v1.02.00). Three contigs were very similar (average
nucleotide identity [ANI],.95%) to A. vitis strain S4 chromosome 1, chromosome 2, and plas-
mid pAtS4e (GenBank accession number GCA_000016285.1). Two other contigs were partially
similar (ANI, .85%) to the C58 plasmid Ti (NC_003065.2) using FastANI v1.32. Genome anno-
tation was performed using the DDBJ Fast Annotation and Submission Tool (DFAST) (14).
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The final, high-quality draft genome sequence of seven contigs has a total length of
6.40 Mb, an N50 value of 3.79 Mb, and a GC content of 57.6%. DFAST identified 5,855 pro-
tein-coding sequences, 56 tRNAs, and 12 rRNAs (Table 1). The virC virulence gene and
T-DNA endonuclease VirD1 were identified on contig 2, indicating that contig 2 is likely
to be a part of the tumor-inducing (Ti) plasmid pTiK377. The complement and alignment
of T-DNA genes in pTiK377 is indistinguishable from that of other A. vitis Ti plasmids of
type IVa (15). Genes related to nopaline uptake and metabolism were identified on con-
tigs 1, 2, and 4, strongly suggesting that strain K377 is nopaline metabolizing, and this is
the first high-quality genomic resource for strains of A. vitis that metabolize nopaline.

Data availability. The complete genome sequence and associated data for A. vitis
K377 were deposited under GenBank accession number JACXXJ000000000, BioProject
accession number PRJNA664275, SRA accession number SRR12701095, and BioSample
accession number SAMN16204844.

ACKNOWLEDGMENT
This work was supported by funding from the University of Adelaide (Australia) in the

form of a postgraduate scholarship awarded to H.X. and research funds awarded to I.R.S.

REFERENCES
1. Schroth MN, McCain AH, Foott JH, Huisman OC. 1988. Reduction in yield

and vigor of grapevine caused by crown gall disease. Plant Dis 72:
241–246. https://doi.org/10.1094/PD-72-0241.

2. Burr TJ, Bazzi C, Süle S, Otten L. 1998. Crown gall of grape: biology of
Agrobacterium vitis and the development of disease control strategies.
Plant Dis 82:1288–1297. https://doi.org/10.1094/PDIS.1998.82.12.1288.

3. Mousavi SA, Österman J, Wahlberg N, Nesme X, Lavire C, Vial L, Paulin L, de
Lajudie P, Lindström K. 2014. Phylogeny of the Rhizobium–Allorhizobium–
Agrobacterium clade supports the delineation of Neorhizobium gen. nov.
Syst Appl Microbiol 37:208–215. https://doi.org/10.1016/j.syapm.2013.12.007.

4. Lee L-Y, Gelvin SB. 2008. T-DNA binary vectors and systems. Plant Physiol
146:325–332. https://doi.org/10.1104/pp.107.113001.

5. Zhu J, Oger PM, Schrammeijer B, Hooykaas PJJ, Farrand SK, Winans SC.
2000. The bases of crown gall tumorigenesis. J Bacteriol 182:3885–3895.
https://doi.org/10.1128/JB.182.14.3885-3895.2000.

6. Ophel K, Kerr A. 1990. Agrobacterium vitis sp. nov. for strains of Agrobac-
terium biovar 3 from grapevines. Int J Syst Evol Microbiol 40:236–241.
https://doi.org/10.1099/00207713-40-3-236.

7. Slater SC, Goldman BS, Goodner B, Setubal JC, Farrand SK, Nester EW, Burr
TJ, Banta L, Dickerman AW, Paulsen I, Otten L, Suen G, Welch R, Almeida
NF, Arnold F, Burton OT, Du Z, Ewing A, Godsy E, Heisel S, Houmiel KL,
Jhaveri J, Lu J, Miller NM, Norton S, Chen Q, Phoolcharoen W, Ohlin V,
Ondrusek D, Pride N, Stricklin SL, Sun J, Wheeler C, Wilson L, Zhu H, Wood
DW. 2009. Genome sequences of three Agrobacterium biovars help eluci-
date the evolution of multichromosome genomes in bacteria. J Bacteriol
191:2501–2511. https://doi.org/10.1128/JB.01779-08.

8. Xi H, Ryder M, Searle IR. 2020. Complete genome sequence of Allorhi-
zobium vitis strain K306, the causal agent of grapevine crown gall. Micro-
biol Resour Announc 9:e00565-20. https://doi.org/10.1128/MRA.00565-20.

9. Gillings M, Ophel-Keller K. 1995. Comparison of strains of Agrobacterium
vitis from grapevine source areas in Australia. Austral Plant Pathol 24:
29–37. https://doi.org/10.1071/APP9950029.

10. Kolmogorov M, Yuan J, Lin Y, Pevzner PA. 2019. Assembly of long, error-
prone reads using repeat graphs. Nat Biotechnol 37:540–546. https://doi
.org/10.1038/s41587-019-0072-8.

11. Li H. 2018. Minimap2: pairwise alignment for nucleotide sequences. Bioin-
formatics 34:3094–3100. https://doi.org/10.1093/bioinformatics/bty191.

12. Simão FA, Waterhouse RM, Ioannidis P, Kriventseva EV, Zdobnov EM.
2015. BUSCO: assessing genome assembly and annotation completeness
with single-copy orthologs. Bioinformatics 31:3210–3212. https://doi.org/
10.1093/bioinformatics/btv351.

13. Harris RS. 2007. Improved pairwise alignment of genomic DNA. Ph.D. dis-
sertation. The Pennsylvania State University, University Park, PA.

14. Tanizawa Y, Fujisawa T, Kaminuma E, Nakamura Y, Arita M. 2016. DFAST and
DAGA: Web-based integrated genome annotation tools and resources. Biosci
Microbiota Food Health 35:173–184. https://doi.org/10.12938/bmfh.16-003.

15. Weisberg AJ, Davis EW, Jr, Tabima J, Belcher MS, Miller M, Kuo C-H, Loper
JE, Grünwald NJ, Putnam ML, Chang JH. 2020. Unexpected conservation
and global transmission of agrobacterial virulence plasmids. Science 368:
eaba5256. https://doi.org/10.1126/science.aba5256.

TABLE 1 Genomic features of A. vitis K377

Characteristic Contig 1 Contig 2 Contig 3 Contig 4 Contig 5 Contig 6 Contig 7
Function (plasmid) Nopaline uptake and

metabolism (pAvK377)
Tumor induction, nopaline
and agrocinopine uptake
and metabolism (part of
pTiK377)

Chr 2a (ttuC) Nopaline uptake Chr 1a

Size (bp) 187,327 152,864 1,593,087 620,734 3,787,628 56,347 3,065
Circular Yes No Yes No Yes No No
GC content (%) 59.0 56.3 57.5 56.7 57.8 57.3 57.3
No. of CDSb 181 146 1,405 564 3,495 59 5
No. of rRNAs 0 0 3 0 9 0 0
No. of tRNAs 0 0 4 0 52 0 0
aChr, chromosome.
bCDS, coding DNA sequences.

Xi et al.

Volume 10 Issue 39 e01359-20 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/JACXXJ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA664275
https://www.ncbi.nlm.nih.gov/sra/SRR12701095
https://www.ncbi.nlm.nih.gov/biosample/SAMN16204844
https://doi.org/10.1094/PD-72-0241
https://doi.org/10.1094/PDIS.1998.82.12.1288
https://doi.org/10.1016/j.syapm.2013.12.007
https://doi.org/10.1104/pp.107.113001
https://doi.org/10.1128/JB.182.14.3885-3895.2000
https://doi.org/10.1099/00207713-40-3-236
https://doi.org/10.1128/JB.01779-08
https://doi.org/10.1128/MRA.00565-20
https://doi.org/10.1071/APP9950029
https://doi.org/10.1038/s41587-019-0072-8
https://doi.org/10.1038/s41587-019-0072-8
https://doi.org/10.1093/bioinformatics/bty191
https://doi.org/10.1093/bioinformatics/btv351
https://doi.org/10.1093/bioinformatics/btv351
https://doi.org/10.12938/bmfh.16-003
https://doi.org/10.1126/science.aba5256
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

