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Draft Genome Sequence of Rhizobium rhizogenes Strain ATCC 15834
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Here, we present the draft genome of Rhizobium rhizogenes strain ATCC 15834. The genome contains 7,070,307 bp in 43 scaf-
folds. R. rhizogenes, also known as Agrobacterium rhizogenes, is a plant pathogen that causes hairy root disease. This hairy root
induction has been used in biotechnology for the generation of transgenic root cultures.
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hizobium rhizogenes, also known as Agrobacterium rhizogenes

(1), is a Gram-negative soil bacteria and a plant pathogen.
R. rhizogenes infects a wide range of flowering plants with hairy
root disease by introducing root-inducing (Ri) transfer-DNA (T-
DNA) into the plant genome (2). The Ri T-DNA expression in
plants leads to increased biosynthesis of the plant hormone auxin
(3), which affects root growth and promotes lateral root initiation
(4). This ability to induce transgenic infinitely growing root sys-
tems has been applied for biotechnology and research uses, in-
cluding production of phytochemicals and recombinant proteins
(5) and studies of root development (6-8).

Rhizobium rhizogenes strain ATCC 15834 was obtained from
ATCC for hairy root culture work with tomato (6). The bacte-
ria was streaked on solid MG/L medium and grown for 2 days at
28°C (7). Cultures of the strain were grown on liquid MG/L for
preparation of electrocompetent cells (6) and DNA extraction.
Genomic and plasmid DNA was extracted using a PowerSoil DNA
Isolation Kit (MO Bio Laboratories, Inc.) from 100 mL fresh over-
night culture. Illumina paired-end libraries were then made from
sonicated DNA using a TruSeq DNA Sample Prep version 2 kit
(Ilumina). Fragments between 300 and 600 bp were selected us-
ing a Pippin Prep DNA size selection system (Sage Science).

A total of 9,998,182 paired-end reads were generated on an
Ilumina MiSeq, at a read length of 300 bp. Quality trimming and
error correction of the reads resulted in 8,577,816 high-quality
reads. All sequence processing and assembly was performed using
the A5 assembly pipeline (9). This pipeline automates the
processes of data cleaning, error correction, contig assembly, scaf-
folding, and quality control. The assembly produced 54 contigs
contained in 43 scaffolds (minimum, 621 bp; maximum,
1,448,967 bp; N5, 1,468,096 bp). During scaffolding some contigs
were merged based on short overlaps and read-pair information,
yielding a final collection of 43 contigs that were submitted to
GenBank. This resulted in a final assembly of 7,070,307 bp with a
GC content of 60% and an overall coverage estimate of approxi-
mately 400X. Completeness of the genome was assessed using the
PhyloSift software (10), which searches for a list of 40 highly con-
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served, single-copy marker genes (11), of which all 40 were found
in this assembly.

Automated annotation was performed using the RAST anno-
tation server (12). R. rhizogenes strain ATCC 15834 contains 6,919
predicted coding sequences and 54 predicted RNAs. A full-length
(1,416 bp) 16S sequence was obtained from this annotation and
was used to confirm the Rhizobium species by comparison to 54
publicly availably Agrobacterium 16S sequences by MUSCLE
alignment (13), which was used to construct a phylogenetic tree
with FastTree 2 (14).

R. rhizogenes ATCC 15834 has been used to induce hairy root
cultures in many biotechnology and research applications (5, 6)
and its genome sequence will provide a resource for further stud-
ies of how the hairy root disease is induced.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession number JFZP00000000. Illumina reads are avail-
able at the ENA Short Read Archive under accession number
PRJEB7025.

ACKNOWLEDGMENTS

Ilumina sequencing was performed at the DNA Technologies Core facil-
ity in the Genome Center at the UC Davis, Davis, California. This work
was funded by NSF Plant Genome no. 1238243 (S.M.B.). K.K. was funded
by a Finnish Cultural Foundation postdoctoral fellowship.

REFERENCES

1. Young JM, Kuykendall LD, Martinez-Romero E, Kerr A, Sawada H.
2001. A revision of Rhizobium Frank 1889, with an emended description
of the genus, and the inclusion of all species of Agrobacterium Conn 1942
and Allorhizobium undicola de Lajudie et al. 1998 as new combinations:
Rhizobium radiobacter, R. rhizogenes, R. rubi, R. undicola and R. vitis. Int. J.
Syst. Evol. Microbiol. 51:89-103.

2. Chilton MD, Tepfer DA, Petit A, David C, Cassedelbart F, Tempe J.
1982. Agrobacterium rhizogenes inserts T-DNA into the genomes of the
host plant root cells. Nature 295:432—434. http://dx.doi.org/10.1038/
295432a0.

3. Huisingh D, Durbin RD. 1970. Some physiological effects of Agrobacte-
rium rhizogenes on tomato. Phytopathology 60:1101-1105. http://
dx.doi.org/10.1094/Phyto-60-1101.

genomea.asm.org 1


http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01108-14&domain=pdf&date_stamp=2014-10-30
http://genomea.asm.org

2 genomea.asm.org

Kajala et al.

. Casimiro I, Marchant A, Bhalerao RP, Beeckman T, Dhooge S, Swarup
R, Graham N, Inzé D, Sandberg G, Casero PJ, Bennett M. 2001. Auxin
transport promotes Arabidopsis lateral root initiation. Plant Cell 13:
843-852. http://dx.doi.org/10.1105/tpc.13.4.843.

. Ono NN, Tian L. 2011. The multiplicity of hairy root cultures: prolific
possibilities. Plant Sci. 180:439-446. http://dx.doi.org/10.1016/
j-plantsci.2010.11.012.

. Ron M, Kajala K, Pauluzzi G, Wang D, Reynoso MA, Zumstein K,
Garcha J, Winte S, Masson H, Inagaki S, Federici F, Sinha NR, Deal R,
Bailey-Serres J, Brady SM. 2014. Hairy root transformation using Agro-
bacterium rhizogenes as a tool for exploring cell type-specific gene expres-
sion and function using tomato as a model. Plant Physiol. 166:455—469.
http://dx.doi.org/10.1104/pp.114.239392.

. Wisniewska A, Dabrowska-Bronk J, Szafrafnski K, Fudali S,
Swie;cicka M, Czarny M, Wilkowska A, Morgiewicz K, Matusiak J,
Sobczak M, Filipecki M. 2013. Analysis of tomato gene promoters
activated in syncytia induced in tomato and potato hairy roots by
Globodera rostochiensis. Transgenic Res. 22:557-569. http://
dx.doi.org/10.1007/s11248-012-9665-4.

. Xiao X, Ma F, Chen C-L, Guo W-W. 2014. High efficient transformation
of auxin reporter gene into trifoliate orange via Agrobacterium rhizogenes-
mediated co-transformation. Plant Cell Tissue Organ Cult. 118:137-146.
http://dx.doi.org/10.1007/s11240-014-0469-5.

Genome Announcements

. Tritt A, Eisen JA, Facciotti MT, Darling AE. 2012. An integrated pipeline

for de novo assembly of microbial genomes. PLoS One 7:¢42304. http://
dx.doi.org/10.1371/journal.pone.0042304.

. Darling AE, Jospin G, Lowe E, Matsen FA, IV, Bik HM, Eisen JA. 2014.

PhyloSift: phylogenetic analysis of genomes and metagenomes. Peer]
2:e243. http://dx.doi.org/10.7717/peer;j.243.

. Wu D, Jospin G, Eisen JA. 2013. Systematic identification of gene fam-

ilies for use as “markers” for phylogenetic and phylogeny-driven ecologi-
cal studies of bacteria and archaea and their major subgroups. PLoS One
8:¢77033. http://dx.doi.org/10.1371/journal.pone.0077033.

. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA,

Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson
R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T,
Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V,
Wilke A, Zagnitko O. 2008. The RAST server: Rapid Annotations using
Subsystems Technology. BMC Genomics 9:75. http://dx.doi.org/10.1186/
1471-2164-9-75.

. Edgar RC. 2004. MUSCLE: a multiple sequence alignment method with

reduced time and space complexity. BMC Bioinformatics 5:113. http://
dx.doi.org/10.1186/1471-2105-5-113.

. Price MN, Dehal PS, Arkin AP. 2010. FastTree 2—approximately

maximum-likelihood trees for large alignments. PLoS One 5:€9490.
http://dx.doi.org/10.1371/journal.pone.0009490.

September/October 2014 Volume 2 Issue 5 e01108-14


http://genomea.asm.org

	Draft Genome Sequence of Rhizobium rhizogenes Strain ATCC 15834
	Nucleotide sequence accession numbers. 
	ACKNOWLEDGMENTS
	REFERENCES




