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Bacillus subtilis, which belongs to the phylum Firmicutes, is the most widely studied Gram-positive model organism. It is found
in a wide variety of environments and is particularly abundant in soils and in the gastrointestinal tracts of ruminants and hu-
mans. Here, we present the complete genome sequence of the newly described B. subtilis strain UD1022. The UD1022 genome
consists of a 4.025-Mbp chromosome, and other major findings from our analysis will provide insights into the genomic basis of
it being a plant growth-promoting rhizobacterium (PGPR) with biocontrol potential.
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Bacillus subtilis is arguably one of the most widely studied plant
growth-promoting Gram-positive bacteria, having a great im-

pact on agriculture, although information pertaining to its ecolog-
ical and plant interactions is relatively unknown. Our published
work has revealed that supplementation of B. subtilis strain
UD1022 induces plant defense and growth promotion in various
plant systems (1–5). Previous studies indicated that even though
various isolates of B. subtilis revealed 98% sequence identity at the
16S rRNA level, the DNA-DNA reassociation analysis showed
only 58% relatedness among the various B. subtilis strains (6).
These observations encouraged us to decipher the UD1022 ge-
nome sequence, and the analysis of the genome will provide in-
sight into the mechanisms underlying its nature as a plant growth-
promoting rhizobacterium (PGPR) and its biocontrol potential.
Its plant growth-promoting and biocontrol activities provide a
green alternative to the synthetic molecules commonly used for
crop yield and disease protection in the present agricultural sys-
tem (7).

The B. subtilis complex represents an assembly of closely re-
lated species, and phylogenetic analysis of the 16S rRNA gene fails
to differentiate species within the complex due to the highly con-
served nature of the gene. Here, we used the PacBio approach (8,
9) to analyze the UD1022 genome. Genomic DNA of UD1022 was
extracted using a Qiagen DNA isolation kit. The genomic DNA
was randomly sheared to ~10-kb target size using G-tubes (Cova-
ris, Inc.). Poly(dA) tails were added to the 3= ends using terminal
deoxynucleotidyl transferase (TDT). The poly(dA)-tailed library
was then annealed with poly(DT) sequencing primer and se-
quenced using a DNA/polymerase binding kit 2.0 (C2/C2 chem-
istry) with a MagBead loading kit and 120-min sequencing time
using six single-molecule real-time (SMRT) cells (3 � 2-kb insert
and 3 � 10-kb insert) on a Pacific Biosciences RS II sequencer. The
resulting mean subread length was 3,834 bp, and the N50 length
was 5,669 bp. The HGAP protocol implemented in SMRT Analy-
sis version 2.0.1 was used to assemble the UD1022 genome (10).

This resulted in two contigs in the HGAP output of 63,171 bp and
3,967,258 bp, with 188.77� mean coverage. The manual finishing
process resulted in one 4,025,326-kb circular chromosome, with
43.89% average G�C content. Final assembly was polished using
the Quiver consensus algorithm included in the SMRT Analysis
software package. Base modifications were identified using the
base modification analysis protocol (Pacific Biosciences). Genes
were predicted using the RAST server (11) and by the NCBI Gen-
Bank Prokaryotic Genome Annotation Pipeline (PGAP). PGAP
located 4,129 features, including 3,933 coding sequences (CDSs),
79 pseudogenes, 10 rRNA operons, 86 tRNA genes, and 1 noncod-
ing RNA (ncRNA) (ribozyme: RNase P). Compared to the ge-
nome sequence of B. subtilis strain 168 (accession no.
NC_000964.3), 3,583 CDSs had a strong bidirectional homolog
(�85% identity), 164 had weaker or unidirectional homologs
(�50% identity), 439 were unique to UD1022, and 421 were
unique to B. subtilis strain 168. CDSs unique to UD1022 included
genes for various amino acid biosynthesis, transport, and metab-
olism, cell wall proteins, carbohydrate metabolisms, and metal
(copper, cobalt-zinc-cadmium) and antibiotic (�-lactam, tetracy-
cline, and vancomycin) resistance.

Nucleotide sequence accession numbers. All raw and assem-
bled data for the project have been submitted to NCBI under
BioProject no. PRJNA284309, with the complete genome se-
quence deposited in GenBank under the accession no. CP011534.
The UD1022 strain is deposited at ATCC with the accession no.
PTA11857.

ACKNOWLEDGMENTS

We thank Brewster Kingham, Erin Bernburg, and Olga Shevchenko at the
Sequencing and Genotyping Center at the Delaware Biotechnology Insti-
tute (DBI) for assistance with the genome sequencing.

The research was funded by a company-sponsored project by BASF.
Support from the University of Delaware Center for Bioinformatics and
Computational Biology Core Facility was made possible through funding

crossmark

Genome AnnouncementsJuly/August 2015 Volume 3 Issue 4 e00696-15 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.00696-15&domain=pdf&date_stamp=2015-7-9
http://genomea.asm.org


from the NIH National Institute of General Medical Sciences
(2P20GM103446-14).

REFERENCES
1. Rudrappa T, Czymmek KJ, Paré PW, Bais HP. 2008. Root-secreted

malic acid recruits beneficial soil bacteria. Plant Physiol 148:1547–1556.
http://dx.doi.org/10.1104/pp.108.127613.

2. Lakshmanan V, Kitto SL, Caplan JL, Hsueh YH, Kearns DB, Wu YS,
Bais HP. Microbe-assisted molecular patterns–triggered root responses
mediate beneficial rhizobacterial recruitment in Arabidopsis. Plant Physiol
160:1642–1661. http://dx.doi.org/10.1104/pp.112.200386.

3. Lakshmanan V, Selvaraj G, Bais HP. 2014. Functional soil microbiome:
belowground solutions to an aboveground problem. Plant Physiol 166:
689 –700. http://dx.doi.org/10.1104/pp.114.245811.

4. Kumar AS, Lakshmanan V, Caplan JL, Powell D, Czymmek KJ, Levia
DF, Bais HP. 2012. Rhizobacteria Bacillus subtilis restricts foliar pathogen
entry through stomata. Plant J 72:694 –706. http://dx.doi.org/10.1111/
j.1365-313X.2012.05116.x.

5. Rudrappa T, Biedrzycki ML, Kunjeti SG, Donofrio NM, Czymmek KJ,
Paré PW, Bais HP. 2010. The rhizobacterial elicitor acetoin induces sys-
temic resistance in Arabidopsis thaliana. Commun Integr Biol 3:130 –138.
http://dx.doi.org/10.4161/cib.3.2.10584.

6. Nakamura LK, Roberts MS, Cohan FM. 1999. Relationship of Bacillus
subtilis clades associated with strains 168 and W23: a proposal for Bacillus
subtilis subsp. subtilis subsp. nov. and Bacillus subtilis subsp. spizizenii
subsp. nov. Int J Syst Bacteriol 49:1211–1215. http://dx.doi.org/10.1099/
00207713-49-3-1211.

7. Adesemoye AO, Torbert HA, Kloepper JW. 2009. Plant growth-

promoting rhizobacteria allow reduced application rates of chemical fer-
tilizers. Microb Ecol 58:921–929. http://dx.doi.org/10.1007/s00248-009
-9531-y.

8. Eid J, Fehr A, Gray J, Luong K, Lyle J, Otto G, Peluso P, Rank D,
Baybayan P, Bettman B, Bibillo A, Bjornson K, Chaudhuri B, Chris-
tians F, Cicero R, Clark S, Dalal R, deWinter A, Dixon J, Foquet M,
Gaertner A, Hardenbol P, Heiner C, Hester K, Holden D, Kearns G,
Kong X, Kuse R, Lacroix Y, Lin S, Lundquist P, Ma C, Marks P,
Maxham M, Murphy D, Park I, Pham T, Phillips M, Roy J, Sebra R,
Shen G, Sorenson J, Tomaney A, Travers K, Trulson M, Vieceli J,
Wegener J, Wu D, Yang A, Zaccarin D, et al. 2009. Real-time DNA
sequencing from single polymerase molecules. Science 323:133–138.
http://dx.doi.org/10.1126/science.1162986.

9. Ee R, Lim YL, Yin WF, Chan KG. 2014. De novo assembly of the quorum-
sensing Pandoraea sp. strain RB-44 complete genome sequence using
PacBio single-molecule real-time sequencing technology. Genome An-
nounc 2(2):e00245-14. http://dx.doi.org/10.1128/genomeA.00245-14.

10. Chan KG, Tan KH, Yin WF, Tan JY. 2014. Complete genome sequence
of Cedecea neteri strain SSMD04, a bacterium isolated from pickled mack-
erel sashimi. Genome Announc 2(6):e01339-14. http://dx.doi.org/
10.1128/genomeA.01339-14.

11. 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.

Bishnoi et al.

Genome Announcements2 genomea.asm.org July/August 2015 Volume 3 Issue 4 e00696-15

http://genomea.asm.org

	Draft Genome Sequence of a Natural Root Isolate, Bacillus subtilis UD1022, a Potential Plant Growth-Promoting Biocontrol Agent
	Nucleotide sequence accession numbers.
	ACKNOWLEDGMENTS

	REFERENCES

