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Complete genome sequence of potential plant growth-
promoting Bacillus altitudinis strain AIMST-CREST03 isolated 
from paddy field bulk soil
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ABSTRACT We present the complete genome of a potential plant growth-promoting 
bacteria Bacillus altitudinis AIMST-CREST03 isolated from a high-yielding paddy plot. The 
genome is 3,669,202 bp in size with a GC content of 41%. Annotation predicted 3,327 
coding sequences, including several genes required for plant growth promotion.
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B acillus is one of the most extensively studied plant growth-promoting (PGP) bacteria 
contributing significantly to the development of bio-formulations for field applica

tions particularly in crops like paddy plants (1, 2). Here, we report the complete genome 
of a potential PGP Bacillus altitudinis strain AIMST-CREST03 (3–6) isolated from a paddy 
bulk soil sample from a high-yielding paddy plot at Kampung Gajah, Perak, Malaysia 
(4.1841° N, 100.9389° E) on 1 July 2022. Thirty gram of submerged bulk soil was collected 
at a depth of 0–20 cm.

The strain was initially isolated on a nutrient agar plate after subjecting 2.5 g of bulk 
soil to serial dilution in sterile water, ranging from 10−1 to 10−8 (7, 8). To achieve pure 
colonies, the strain required re-streaking only once. A single colony was then cultivated 
in 5 mL of fresh Luria-Bertani Broth at 37°C overnight prior to genomic DNA extraction 
using the GeneJET Genomic DNA Purification Kit (ThermoFisher) following the manufac
turer’s instructions.

The DNA library (non-fragmented and non-size-selected) was prepared with the 
SQK-NBD114.24 native barcoding kit (Oxford Nanopore Technologies, UK) following 
the manufacturer’s instructions. The sample was subjected to native barcode ligation 
followed by adapter ligation using the NEBNext Quick Ligation Module (NEB, USA) 
as per the manufacturer’s instruction. The prepared library was then sequenced with 
Oxford Nanopore Technology’s MinION platform, with R10.4.1 flow cell. A recurrent 
neural network-based basecaller, Guppy v6.5.7 (high-accuracy model), was used (9). 
A total of 229,124 raw reads with an N50 value of 7,699 were generated. The raw 
reads were trimmed with Porechop v0.2.4 (10) and subjected to de novo assembly 
with Flye v2.9.2 (11). The resulting contig was polished with Medaka v1.8.1 (https://
github.com/nanoporetech/medaka). The publicly available linked resource (CP145438) 
was annotated with PGAP v6.6 (12). Default parameters were used for all the analyses 
unless otherwise stated.

In line with Flye’s output, the bacterial genome assembly visualization on Band
age v0.9.0 (13) also indicated that it was a circular chromosome. A single contig of 
3,669,202 bp with GC content of 41% and mean coverage of 400× was achieved. PGAP 
predicted that the genome encodes 3,824 genes including 3,327 coding sequences, 23 
rRNA genes (5S, 16S, and 23S), 81 tRNAs, 5 non-coding RNAs, and 388 pseudogenes. A 
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relatively high number of pseudogenes was predicted due to frameshifts (354 of 388), 
suggesting that some basecalling errors may remain in the final genome, and this is a 
known limitation of Oxford Nanopore Technology (ONT)-only assemblies (14). A blast 
search against the NCBI Nucleotide database identified B. altitudinis NC3 DNA as the top 
hit and average nucleotide identity analysis on EzBioCLoud (updated on 23 August 2023) 
(15) indicated 98.59% sequence similarity between the genomes.

PGAP annotation predicted several genes necessary for auxin biosynthesis including 
Indole-3-glycerol phosphate, anthranilate phosphoribosyltransferase, phosphoribosylan
thranilate isomerase, and tryptophan synthase (16, 17). Genes coding for siderophore 
biosynthesis and transport were also identified. Siderophore production can promote 
plant growth by enhancing iron availability and providing phytosanitary protection (18). 
Aside from that, genes coding for biosynthesis of volatile organic compounds (buta
nediol and acetoin) known to promote growth by regulating ethylene, and cytokinin 
homeostasis were also predicted (19).

ACKNOWLEDGMENTS

We would like to thank the funder of this project, CREST (Collaborative Research in 
Engineering, Science, and Technology) and Malaysia (grant T09C2-19) for their continu
ous support. We would also like to thank IADA Seberang Perak and the farmers for their 
assistance during sample collection at the paddy field.

AUTHOR AFFILIATIONS

1Center of Excellence for Omics-Driven Computational Biodiscovery (COMBio), AIMST 
University, Kedah, Malaysia
2Department of Plant Protection, Faculty of Agriculture, Universiti Putra Malaysia, 
Serdang, Selangor, Malaysia
3Center for Evolutionary Hologenomics, Globe Institute, University of Copenhagen, 
Copenhagen, Denmark
4Laboratory of Sustainable Agronomy and Crop Protection, Institute of Plantation 
Studies, Universiti Putra Malaysia, Serdang, Selangor, Malaysia

AUTHOR ORCIDs

Bent Petersen  http://orcid.org/0000-0002-2472-8317
Sivachandran Parimannan  https://orcid.org/0000-0002-0101-1858
Heera Rajandas  http://orcid.org/0000-0001-5963-3441

FUNDING

Funder Grant(s) Author(s)

Collaborative Research in Engineering, Science 
and Technology Centre (CREST)

T09C2-19 Thomas Sicheritz-Pontén

Bent Petersen

Erneeza Mohd Hata

Ganesan Vadamalai

Sivachandran Parimannan

Heera Rajandas

DATA AVAILABILITY

The complete genome sequence of Bacillus altitudinis strain AIMST-CREST03 has been 
deposited in NCBI GenBank under the BioProject ID PRJNA1077217, BioSample ID 
SAMN39960593, SRA ID SRR28002519, and GenBank accession CP145438.

Announcement Microbiology Resource Announcements

June 2024  Volume 13  Issue 6 10.1128/mra.00261-24 2

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 
24

 M
ar

ch
 2

02
5 

by
 1

19
.4

0.
12

0.
73

.

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1077217
https://www.ncbi.nlm.nih.gov/biosample/SAMN39960593/
https://www.ncbi.nlm.nih.gov/sra/SRR28002519
https://www.ncbi.nlm.nih.gov/nuccore/CP145438.1/
https://doi.org/10.1128/mra.00261-24


REFERENCES

1. Hashem A, Tabassum B, Fathi Abd Allah E. 2019. Bacillus subtilis: a plant-
growth promoting rhizobacterium that also impacts biotic stress. Saudi J 
Biol Sci 26:1291–1297. https://doi.org/10.1016/j.sjbs.2019.05.004

2. Gohil RB, Raval VH, Panchal RR, Rajput KN. 2022. Plant growth-
promoting activity of Bacillus sp. PG-8 isolated from fermented 
panchagavya and its effect on the growth of Arachis hypogea. Front 
Agron 4. https://doi.org/10.3389/fagro.2022.805454

3. Narayanasamy S, Thangappan S, Uthandi S. 2020. Plant growth-
promoting Bacillus sp. cahoots moisture stress alleviation in rice 
genotypes by triggering antioxidant defense system. Microbiol Res 
239:126518. https://doi.org/10.1016/j.micres.2020.126518

4. Zhang D, Xu H, Gao J, Portieles R, Du L, Gao X, Borroto Nordelo C, Borrás-
Hidalgo O. 2021. Endophytic Bacillus altitudinis strain uses different 
novelty molecular pathways to enhance plant growth. Front Microbiol 
12:692313. https://doi.org/10.3389/fmicb.2021.692313

5. Sunar K, Dey P, Chakraborty U, Chakraborty B. 2015. Biocontrol efficacy 
and plant growth promoting activity of Bacillus altitudinis isolated from 
Darjeeling hills. J Basic Microbiol 55:91–104. https://doi.org/10.1002/
jobm.201300227

6. Kushwaha P, Srivastava R, Pandiyan K, Singh A, Chakdar H, Kashyap PL, 
Bhardwaj AK, Murugan K, Karthikeyan N, Bagul SY, Srivastava AK, Saxena 
AK. 2021. Enhancement in plant growth and zinc biofortification of 
chickpea (Cicer Arietinum L.) by Bacillus altitudinis. J Soil Sci Plant Nutr 
21:922–935. https://doi.org/10.1007/s42729-021-00411-5

7. Janssen PH, Yates PS, Grinton BE, Taylor PM, Sait M. 2002. Improved 
culturability of soil bacteria and isolation in pure culture of novel 
members of the divisions acidobacteria, actinobacteria, proteobacteria, 
and verrucomicrobia. Appl Environ Microbiol 68:2391–2396. https://doi.
org/10.1128/AEM.68.5.2391-2396.2002

8. Schoenborn L, Yates PS, Grinton BE, Hugenholtz P, Janssen PH. 2004. 
Liquid serial dilution is inferior to solid media for isolation of cultures 
representative of the phylum-level diversity of soil bacteria. Appl 
Environ Microbiol 70:4363–4366. https://doi.org/10.1128/AEM.70.7.
4363-4366.2004

9. Perešíni P, Boža V, Brejová B, Vinař T. 2021. Nanopore base calling on the 
edge. Bioinformatics 37:4661–4667. https://doi.org/10.1093/bioinfor
matics/btab528

10. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Completing bacterial 
genome assemblies with multiplex MinION sequencing. Microb Genom 
3:e000132. https://doi.org/10.1099/mgen.0.000132

11. 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

12. 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

13. Wick RR, Schultz MB, Zobel J, Holt KE. 2015. Bandage: interactive 
visualization of de novo genome assemblies. Bioinformatics 31:3350–
3352. https://doi.org/10.1093/bioinformatics/btv383

14. Safar HA, Alatar F, Nasser K, Al-Ajmi R, Alfouzan W, Mustafa AS. 2023. The 
impact of applying various de novo assembly and correction tools on the 
identification of genome characterization, drug resistance, and virulence 
factors of clinical isolates using ONT sequencing. BMC Biotechnol 23:26. 
https://doi.org/10.1186/s12896-023-00797-3

15. Yoon S-H, Ha S-M, 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

16. Etesami H, Alikhani HA, Hosseini HM. 2015. Indole-3-acetic acid (IAA) 
production trait, a useful screening to select endophytic and rhizo
sphere competent bacteria for rice growth promoting agents. MethodsX 
2:72–78. https://doi.org/10.1016/j.mex.2015.02.008

17. Yue K, Lingling L, Xie J, Coulter JA, Luo Z. 2021. Synthesis and regulation 
of auxin and abscisic acid in maize. Plant Signal Behav 16:1891756. https:
//doi.org/10.1080/15592324.2021.1891756

18. Scavino AF, Pedraza RO. 2013. The role of siderophores in plant growth-
promoting bacteria, p 265–285. In Maheshwari DK, Saraf M, Aeron A 
(ed), Bacteria in agrobiology: crop productivity. Springer, Berlin, 
Heidelberg.

19. Blake C, Christensen MN, Kovács ÁT. 2021. Molecular aspects of plant 
growth promotion and protection by Bacillus subtilis. Mol Plant Microbe 
Interact 34:15–25. https://doi.org/10.1094/MPMI-08-20-0225-CR

Announcement Microbiology Resource Announcements

June 2024  Volume 13  Issue 6 10.1128/mra.00261-24 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 
24

 M
ar

ch
 2

02
5 

by
 1

19
.4

0.
12

0.
73

.

https://doi.org/10.1016/j.sjbs.2019.05.004
https://doi.org/10.3389/fagro.2022.805454
https://doi.org/10.1016/j.micres.2020.126518
https://doi.org/10.3389/fmicb.2021.692313
https://doi.org/10.1002/jobm.201300227
https://doi.org/10.1007/s42729-021-00411-5
https://doi.org/10.1128/AEM.68.5.2391-2396.2002
https://doi.org/10.1128/AEM.70.7.4363-4366.2004
https://doi.org/10.1093/bioinformatics/btab528
https://doi.org/10.1099/mgen.0.000132
https://doi.org/10.1038/s41587-019-0072-8
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/bioinformatics/btv383
https://doi.org/10.1186/s12896-023-00797-3
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1016/j.mex.2015.02.008
https://doi.org/10.1080/15592324.2021.1891756
https://doi.org/10.1094/MPMI-08-20-0225-CR
https://doi.org/10.1128/mra.00261-24

	Complete genome sequence of potential plant growth-promoting Bacillus altitudinis strain AIMST-CREST03 isolated from paddy field bulk soil

