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Complete genomes of two Variovorax endophytes isolated from 
surface-sterilized alfalfa nodules

Ann M. Hirsch,1 Ethan Humm,2 Mila Rubbi,1 Giorgia del Vecchio,1 Sung Min Ha,3 Matteo Pellegrini,1,4 Robert P. Gunsalus2,4

AUTHOR AFFILIATIONS See affiliation list on p. 2.

ABSTRACT Variovorax species catabolize a wide range of natural and industrial 
products and have been shown to be integral rhizosphere inhabitants. Here, we report 
the complete genomes of V. paradoxus 2u118 and V. sp. SPNA7, which were isolated from 
alfalfa root nodules and possess plant growth-promoting properties.

KEYWORDS endophytes, plant growth-promotion, alfalfa nodule, bioremediation, 
Variovorax

T he genus Variovorax is known to metabolize a wide range of substrates, including 
pesticides (1, 2), acyl homoserine lactones (3), and acrylamide (4). Variovorax species 

have the potential as plant growth-promoting bacteria via several strategies including 
lowering plant ethylene levels (5) and remediating metal-contaminated soil (6), and have 
been identified as keystone species for maintaining root growth in Arabidopsis (7). In a 
study of alfalfa nodule-associated bacteria, two Variovorax isolates were collected from 
an alfalfa field at CalPoly Pomona (34.045075, -117.812530). Surface-sterilized nodules 
were crushed with a mortar and pestle, serial dilutions were plated on LB agar, and single 
colonies were picked after incubation at 30°C for 1 week and streaked to obtain pure 
cultures. DNA was extracted using a Quick-DNA HMW Magbead Kit (Zymo Research) 
per the manufacturer’s instructions, and fragmented using Covaris gTubes following 
instructions from the manufacturer (4 passes at 7,000 rpm through the gTube orifice). 
The average size of the sheared gDNA was checked at the TapeStation 4200 (Agilent). 
Multiplexed microbial libraries were prepared using the PacBio SMRTbell prep kit 3.0 
together with the SMRTbell barcoded adapters 3.0 according to the PacBio protocol. 
Final whole genome libraries were not size-selected but simply purified via a standard 
procedure using 1× SMRTbell clean-up beads. DNA sequencing was performed using the 
PacBio Sequel IIe platform. Demultiplexing and adapter trimming were done using Lima 
v2.9.0 (https://github.com/pacificbiosciences/barcoding). All reads were then targeted 
for genome assembly by Canu v2.2 (8) and the assembled genomes were further refined 
by Circlator v1.5.5 (9) to identify circular contigs, remove redundant non-circular contigs, 
and rotate circular contigs to start with dnaA. This resulted in circular genomes and 
plasmids (Table 1). A completeness check was performed by CheckM v1.0.18 (10) and the 
N50 value was determined by Assembly stats ver1.01 (https://github.com/sanger-patho
gens/assembly-stats). High-quality reads, completeness, and N50 quality values for each 
strain were as follows: V. sp. SPNA7: 38,196, 100%, and 5,887,536 bp; V. paradoxus 2u118: 
23,568, 100%, and 5,622,806 bp. Genome ORF calling and annotation were performed by 
NCBI’s PGAP v6.6 (11) and the IMG Annotation Pipeline v.5.1.17 (12). All software tools 
used default parameters that were stated in each tool’s manual.

Properties of the finished genomes of each Variovorax strain are summarized in Table 
1. All 16S sequences had greater than 99.45% similarity to the published 16S sequences 
of V. paradoxus NBRC 15149T (13, 14). ANI values against V. paradoxus NBRC 15149T were 
93.94% and 95.27% for V. sp. SPNA7 and V. paradoxus 2u118, suggesting that SPNA7 
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could potentially represent a new species. ANI was calculated using contigs and the 
Ezbiocloud ANI Calculator (15).

Both genomes are enriched in genes related to heavy metal resistance (MerR family 
copper efflux transcriptional regulators, copper-responsive two-component system 
CusR/CusS, arsenate reductase, etc.) and xenobiotics degradation (including genes 
related to degradation of chloroalkanes, dioxins, styrene, toluene, xylene, etc.). Xenobi
otics degradation/metabolism accounts for 3.73%–3.79% of genes assigned to KEGG 
categories. Additionally, both genomes encode the enzyme ACC deaminase (acdS), 
genes for indole-3-acetic acid (IAA) biosynthesis, and acetoin and trehalose biosynthesis, 
all of which may contribute to plant growth promotion.
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DATA AVAILABILITY STATEMENT

The complete genome sequences of V. paradoxus 2u118 and V. sp. SPNA7 have been 
deposited in IMG/M under the taxon IDs 8045543215 and 8045536498, respectively. The 
assembled genomes are listed under the GenBank accession numbers CP138515 and 

TABLE 1 V. sp. SPNA7 and V. paradoxus 2u118 genome information

Strain Contig Topology Size (bp) GC% Coverage Protein coding # 16S # tRNA

SPNA7 #1 Circular 5,887,536 67.5 39.0× 5,459 2 46
#2 Circular 1,192,185 67.5 39.0× 1,112 0 10
Total n/aa 7,079,721 67.5 39.0× 6,571 2 56

2u118 #1 Circular 5,622,806 67.5 37.0× 5,238 2 46
#2 Circular 1,298,350 67 37.0× 1,241 0 0
Total n/a 6,921,156 67.5 37.0× 6,479 2 46

an/a: not available.
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CP138516 for 2u118, and CP138513 and CP138514 for SPNA7. The raw sequencing reads 
have been deposited under the NCBI BioProject numbers PRJNA1026576 for 2u118 and 
PRJNA1026575 for SPNA7.

REFERENCES

1. Dejonghe W, Berteloot E, Goris J, Boon N, Crul K, Maertens S, Höfte M, De 
Vos P, Verstraete W, Top EM. 2003. Synergistic degradation of linuron by 
a bacterial consortium and isolation of a single linuron-degrading 
Variovorax strain. Appl Environ Microbiol 69:1532–1541. https://doi.org/
10.1128/AEM.69.3.1532-1541.2003

2. Zhang HJ, Zhou QW, Zhou GC, Cao YM, Dai YJ, Ji WW, Shang GD, Yuan S. 
2012. Biotransformation of the neonicotinoid insecticide thiacloprid by 
the bacterium Variovorax boronicumulans strain J1 and mediation of the 
major metabolic pathway by nitrile hydratase. J Agric Food Chem 
60:153–159. https://doi.org/10.1021/jf203232u

3. Leadbetter JR, Greenberg EP. 2000. Metabolism of acyl-homoserine 
lactone quorum-sensing signals by Variovorax paradoxus. J Bacteriol 
182:6921–6926. https://doi.org/10.1128/JB.182.24.6921-6926.2000

4. Liu ZH, Cao YM, Zhou QW, Guo K, Ge F, Hou JY, Hu SY, Yuan S, Dai YJ. 
2013. Acrylamide biodegradation ability and plant growth-promoting 
properties of Variovorax boronicumulans CGMCC 4969. Biodegradation 
24:855–864. https://doi.org/10.1007/s10532-013-9633-6

5. Belimov AA, Safronova VI, Sergeyeva TA, Egorova TN, Matveyeva VA, 
Tsyganov VE, Borisov AY, Tikhonovich IA, Kluge C, Preisfeld A, Dietz KJ, 
Stepanok VV. 2001. Characterization of plant growth promoting 
rhizobacteria isolated from polluted soils and containing 1-aminocyclo
propane-1-carboxylate deaminase. Can J Microbiol 47:642–652. https://
doi.org/10.1139/w01-062

6. Abdelkrim S, Jebara SH, Saadani O, Chiboub M, Abid G, Mannai K, Jebara 
M. 2019. Heavy metal accumulation in Lathyrus sativus growing in 
contaminated soils and identification of symbiotic resistant bacteria. 
Arch Microbiol 201:107–121. https://doi.org/10.1007/s00203-018-1581-4

7. Finkel OM, Salas-González I, Castrillo G, Conway JM, Law TF, Teixeira 
PJPL, Wilson ED, Fitzpatrick CR, Jones CD, Dangl JL. 2020. A single 
bacterial genus maintains root growth in a complex microbiome. Nature 
587:103–108. https://doi.org/10.1038/s41586-020-2778-7

8. Koren S, Walenz BP, Berlin K, Miller JR, Bergman NH, Phillippy AM. 2017. 
Canu: scalable and accurate long-read assembly via adaptive k-mer 

weighting and repeat separation. Genome Res 27:722–736. https://doi.
org/10.1101/gr.215087.116

9. Hunt M, Silva ND, Otto TD, Parkhill J, Keane JA, Harris SR. 2015. Circlator: 
automated circularization of genome assemblies using long sequencing 
reads. Genome Biol 16:294. https://doi.org/10.1186/s13059-015-0849-0

10. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015. 
CheckM: assessing the quality of microbial genomes recovered from 
isolates, single cells, and metagenomes. Genome Res 25:1043–1055. 
https://doi.org/10.1101/gr.186072.114

11. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, 
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI 
prokaryotic genome annotation pipeline. Nucleic Acids Res 44:6614–
6624. https://doi.org/10.1093/nar/gkw569

12. Chen IA, Chu K, Palaniappan K, Ratner A, Huang J, Huntemann M, Hajek 
P, Ritter SJ, Webb C, Wu D, Varghese NJ, Reddy TBK, Mukherjee S, 
Ovchinnikova G, Nolan M, Seshadri R, Roux S, Visel A, Woyke T, Eloe-
Fadrosh EA, Kyrpides NC, Ivanova NN. 2023. The IMG/M data manage
ment and analysis system v.7: content updates and new features. Nucleic 
Acids Res 51:D723–D732. https://doi.org/10.1093/nar/gkac976

13. Lee I, Chalita M, Ha SM, Na SI, Yoon SH, Chun J. 2017. ContEst16S: an 
algorithm that identifies contaminated prokaryotic genomes using 16S 
RNA gene sequences. Int J Syst Evol Microbiol 67:2053–2057. https://doi.
org/10.1099/ijsem.0.001872

14. Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun J. 2017. Introducing 
EzBioCloud: a taxonomically united database of 16S rRNA gene 
sequences and whole-genome assemblies. Int J Syst Evol Microbiol 
67:1613–1617. https://doi.org/10.1099/ijsem.0.001755

15. Yoon SH, Ha SM, Lim J, Kwon S, Chun J. 2017. A large-scale evaluation of 
algorithms to calculate average nucleotide identity. Antonie Van 
Leeuwenhoek 110:1281–1286. https://doi.org/10.1007/s10482-017-
0844-4

Announcement Microbiology Resource Announcements

Month XXXX  Volume 0  Issue 0 10.1128/mra.00336-24 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
18

 J
ul

y 
20

24
 b

y 
47

.1
51

.1
48

.2
04

.

https://www.ncbi.nlm.nih.gov/nuccore/CP138516/
https://www.ncbi.nlm.nih.gov/nuccore/CP138513/
https://www.ncbi.nlm.nih.gov/nuccore/CP138514/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1026576/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1026575/
https://doi.org/10.1128/AEM.69.3.1532-1541.2003
https://doi.org/10.1021/jf203232u
https://doi.org/10.1128/JB.182.24.6921-6926.2000
https://doi.org/10.1007/s10532-013-9633-6
https://doi.org/10.1139/w01-062
https://doi.org/10.1007/s00203-018-1581-4
https://doi.org/10.1038/s41586-020-2778-7
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1186/s13059-015-0849-0
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkac976
https://doi.org/10.1099/ijsem.0.001872
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1007/s10482-017-0844-4
https://doi.org/10.1128/mra.00336-24

	Complete genomes of two Variovorax endophytes isolated from surface-sterilized alfalfa nodules



