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ABSTRACT Bacillus thuringiensis is widely used in producing ecofriendly microbial
agents for the purpose of controlling insect pests. In this study, we determined the com-
plete genome sequence of B. thuringiensis subsp. jinghongiensis reference strain YGd22-
03, which contains three cry genes and one cerecidin biosynthetic gene cluster.

Bacillus thuringiensis is an ecofriendly biopesticide for controlling a wide variety of
insect pests of several orders, such as Lepidoptera, Diptera, Coleoptera, Hemiptera,

Hymenoptera, and Mallophaga (1). Until now, B. thuringiensis strains have been classified
by their flagellar immunological reactions into at least 71 H serotypes containing 84
subspecies (2, 3). YGd22-03 is a novel B. thuringiensis strain isolated from China and was
identified as the reference strain of B. thuringiensis subsp. jinghongiensis (serotype H42)
(4). The complete genome sequence of YGd22-03 was determined in this study.

Genomic DNA of YGd22-03 was extracted and a 500-bp paired-end insert library was
sequenced on an Illumina HiSeq 2500 platform with read lengths of 150 bp. The reads
were quality filtered by Quake (5), resulting in a 2.169-Gbp total length that comprised
17,358,564 high-quality reads and represented 400-fold coverage of the genome. The
clean reads were then de novo assembled with a SPAdes 3.5.0 assembler (6), and 79
contigs longer than 500 bp were generated. The contigs were assembled by comparing
them to multiple complete genome sequences of B. thuringiensis to obtain a draft genome
with gaps. The gaps were further filled by high-fidelity PCR and Sanger sequencing to
construct the complete genome. The genome was annotated using the NCBI Prokaryotic
Genome Annotation Pipeline (https://www.ncbi.nlm.nih.gov/genome/annotation_prok/)
with the best-placed reference protein set and GeneMarkS� methods.

The complete genome of YGd22-03 contains one circular chromosome and five
circular plasmids. The length of the chromosome is 5,420,545 bp, and it harbors 5,721
genes, including 36 rRNA genes and 99 tRNA genes. The G�C content of the chromo-
some is 35.2%. The five circular plasmids containing 315 protein-coding genes are
named pYGD98 (98,137 bp), pYGD83 (83,894 bp), pYGD36 (36,974 bp), pYGD30
(30,343 bp), and pYGD5 (5,650 bp), and the G�C contents of the plasmids range from
32.0% to 34.5%.

Three parasporal crystal protein-coding genes (BVH75-30100, BVH75-30365, and
BVH75-30370) and one vegetative insecticidal protein (VIP)-like protein-coding
gene (BVH75-29980) are found in plasmid pYGD98. The gene products of BVH75-
30365 and BVH75-30370 showed 100% amino acid sequence similarity to the proteins
PS5-1 (Cry64Ba1) and PS5-2 (Cry64Ca1), respectively. The gene product of gene BVH75-
30100 shows 99% similarity to Cry11-like protein (GenBank accession number
AKS28920). According to a previous report, the gene products from one or all three of
these cry genes might exhibit cytocidal activity against cancer cells (7). In addition, a
cerecidin biosynthetic gene cluster, whose product was reported to exhibit bactericidal
activity against a broad spectrum of Gram-positive pathogens (8), was found in the
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chromosome by analysis of the genome with antiSMASH (9). Therefore, YGd22-03
might be a candidate for potential medical usage for harboring anticancer proteins and
producing the antimicrobial substance cerecidin.

Accession number(s). The genome sequence of the B. thuringiensis strain YGd22-03

has been deposited in GenBank under the accession numbers CP019230 to CP019235.
The strain is available in the Bacillus Genetic Stock Center (http://www.bgsc.org/) under
the identification number BGSCID 4AR1.

ACKNOWLEDGMENT

This study was supported by the National Natural Science Foundation of China
(grants 31500155 and 31170123).

REFERENCES
1. Schnepf E, Crickmore N, Van Rie J, Lereclus D, Baum J, Feitelson J, Zeigler

DR, Dean DH. 1998. Bacillus thuringiensis and its pesticidal crystal proteins.
Microbiol Mol Biol Rev 62:775– 806.

2. Lecadet MM, Frachon E, Dumanoir VC, Ripouteau H, Hamon S, Laurent P,
Thiéry I. 1999. Updating the H-antigen classification of Bacillus thuringien-
sis. J Appl Microbiol 86:660 – 672. https://doi.org/10.1046/j.1365-2672
.1999.00710.x.

3. Khyami-Horani H, Hajaij M, Charles JF. 2003. Characterization of Bacillus
thuringiensis ser. jordanica (serotype H71), a novel serovariety isolated in
Jordan. Curr Microbiol 47:26 –31. https://doi.org/10.1007/s00284-002
-3940-1.

4. Gao MY, Li RS, Dai SY, Wu Y, Yi D. 2008. Diversity of Bacillus thuringiensis
strains from soil in China and their pesticidal activities. Biol Contr 44:
380 –388. https://doi.org/10.1016/j.biocontrol.2007.11.011.

5. Kelley DR, Schatz MC, Salzberg SL. 2010. Quake: quality-aware detection
and correction of sequencing errors. Genome Biol 11:R116. https://doi
.org/10.1186/gb-2010-11-11-r116.

6. Wattam AR, Abraham D, Dalay O, Disz TL, Driscoll T, Gabbard JL, Gillespie

JJ, Gough R, Hix D, Kenyon R, Machi D, Mao CH, Nordberg EK, Olson R,
Overbeek R, Pusch GD, Shukla M, Schulman J, Stevens RL, Sullivan DE,
Vonstein V, Warren A, Will R, Wilson MJC, Yoo HS, Zhang CD, Zhang Y,
Sobral BW. 2014. PATRIC, the bacterial bioinformatics database and anal-
ysis resource. Nucleic Acids Res 42:D581–D591. https://doi.org/10.1093/
nar/gkt1099.

7. Ammons DR, Short JD, Bailey J, Hinojosa G, Tavarez L, Salazar M, Ramp-
ersad JN. 2016. Anti-cancer parasporin toxins are associated with different
environments: discovery of two novel parasporin 5-like genes. Curr Mi-
crobiol 72:184 –189. https://doi.org/10.1007/s00284-015-0934-3.

8. Wang J, Zhang L, Teng KL, Sun ST, Sun ZZ, Zhong J. 2014. Cerecidins, novel
lantibiotics from Bacillus cereus with potent antimicrobial activity. Appl Envi-
ron Microbiol 80:2633–2643. https://doi.org/10.1128/AEM.03751-13.

9. Weber T, Blin K, Duddela S, Krug D, Kim HU, Bruccoleri R, Lee SY,
Fischbach MA, Müller R, Wohlleben W, Breitling R, Takano E, Medema MH.
2015. antiSMASH 3.0-a comprehensive resource for the genome mining
of biosynthetic gene clusters. Nucleic Acids Res 43:W237–W243. https://
doi.org/10.1093/nar/gkv437.

Wu et al.

Volume 5 Issue 39 e00740-17 genomea.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP019230
https://www.ncbi.nlm.nih.gov/nuccore/CP019235
http://www.bgsc.org/
https://doi.org/10.1046/j.1365-2672.1999.00710.x
https://doi.org/10.1046/j.1365-2672.1999.00710.x
https://doi.org/10.1007/s00284-002-3940-1
https://doi.org/10.1007/s00284-002-3940-1
https://doi.org/10.1016/j.biocontrol.2007.11.011
https://doi.org/10.1186/gb-2010-11-11-r116
https://doi.org/10.1186/gb-2010-11-11-r116
https://doi.org/10.1093/nar/gkt1099
https://doi.org/10.1093/nar/gkt1099
https://doi.org/10.1007/s00284-015-0934-3
https://doi.org/10.1128/AEM.03751-13
https://doi.org/10.1093/nar/gkv437
https://doi.org/10.1093/nar/gkv437
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENT
	REFERENCES

