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Whole-genome sequences of two novel chitinolytic bacterial 
strains within the genera Streptomyces and Pseudomonas

Christian Larocque,1,2 Renlin Xu,1 Mercy Akuma,1,3 Cyr L. Doumbou,2 James T. Tambong1

AUTHOR AFFILIATIONS See affiliation list on p. 3.

ABSTRACT Streptomyces sp. CLCI03 and Pseudomonas sp. CLCA07 were isolated from 
soil suspensions cultured on chitin-amended Winogradsky medium. Whole-genome 
analyses of these two strains revealed genome sizes of 8.68 and 6.73 Mb with G + C 
contents of 71.75% and 58.53%, respectively, and suggest that these strains represent 
two putative novel species.
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C hitinolytic bacteria degrade the second most abundant polymer, chitin, using 
complex enzymatic systems, and the byproducts serve as their nutrient sources. 

Chitin-degrading enzymes have been extensively studied and exploited to produce a 
range of products, including biofungicides, against major fungal plant pathogens since 
chitin is the key skeletal component of their cell walls (1–5). In 2023, we initiated a study 
to isolate, identify, and characterize novel putative chitin-degrading bacteria useful for 
plant bioprotection. Serial dilutions (10−1 and 10−2) of 0.1:10 soil suspensions in saline 
(wt/vol) were prepared and plated on Winogradsky salts (6) amended with 1% (wt/vol) 
colloidal chitin and incubated at 30°C for 72 h. Single colonies of two distinct isolates 
(CLCI03 and CLCA07) with halo zones were obtained from soils collected from Ottawa 
(45°26′16.4″ N, 75°37′49.1″ W) and Casselman (45°19′07.4″ N, 75°05′36.0″ W), Canada, 
respectively.

Genomic DNA extractions from overnight cultures (28°C; nutrient broth [Sigma-
Aldrich, Canada]) were done, as previously described (7), and the same DNA was used 
for both libraries. Illumina (Nextera shotgun DNA kit) and Nanopore (SQK-LSK114, with 
size selection of ≥3 kb) genome sequencing libraries were constructed, as recommended 
by the manufacturers. Paired‐end (2 × 150 bp) raw reads were generated using the 
Illumina NovaSeq 6000 platform (Génome Québec, Montréal, Canada). Long reads were 
obtained in-house on MinION Mk1C using FLO-MIN114 v.R10.4.1 flow cell with Dorado 
v7.9.8 for base calling (Oxford Nanopore). The numbers of reads generated are given in 
Table 1. Trimmomatic v0.39 (8) was used for quality control and trimming of paired-end 
reads. Quality filtering and trimming of raw long reads were done using Chopper v8.4.0 
(9) . Hybrid de novo assemblies were performed using Flye v2.9.6 (10) and polished with 
pilon (11) using short reads and quality checked by QUAST v5.2.0 (12), as implemented in 
the Bacterial and Viral Bioinformatics Resource Center pipeline (13, 14). Contigs less than 
300 bp were discarded.

Total sizes of the draft genome sequences are 8,678,721 bp (linear) and 6,733,244 
bp (circular and complete) for strains CLCI03 and CLCA07, respectively. NCBI Prokaryotic 
Genome Annotation Pipeline (15) annotated 7,878 and 6,072 coding sequences for 
CLCI03 and CLCA07, respectively. tRNAscan-SE v2.0.12 (16) detected 90 and 71 tRNAs for 
CLCI03 and CLCA07, respectively. Seven copies of rRNA operons (5S, 16S, and 23S) were 
predicted in CLCI03 and CLCA07, respectively, using Barrnap v0.9 (17), with the latter 
having an additional 5S rRNA. Other basic genome statistics, including N50 and G + C 
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content, are shown in Table 1. Unless otherwise stated, default parameters were used 
for all software. Genome-based in silico DNA-DNA hybridization (dDDH (18)) and average 
nucleotide identity (ANI [19]) analyses could not taxonomically assign either strain to 
known species within the Streptomyces and Pseudomonas genera. The computed dDDH 
and ANI values were below the species delineation cut-off values of 70% and 95%–96%, 

TABLE 1 Statistics of hybrid whole-genome sequencing, assembly, and annotation of strains Streptomyces 
sp. CLCI03 and Pseudomonas sp. CLCA07a

Parameters Bacterial strain

CLCI03 CLCA07

Genus-level/species-level identificationa Streptomyces sp. Pseudomonas sp.
Number of short paired reads (151 bp) 132,345,158 92,473,384
Number of long reads (average length, bp) 56,036 (7,482.5 bp) 33,842 (10,536.1 bp)
Average short-read coverage 294× 283×
Average long-read coverage (N50) 47× (8.83 kb) 52× (13.05 kb)
Chromosomal DNA size (bp) 8,678,721c 6,733,244d

Contig count 4 1
N50 (bp) 8,678,721 6,733,244
Contamination (%)b 0.70 4
G + C content (%) 71.75 58.53
Completeness (%)b 100 98.3
Coarse consistency (%) 98.9 99.0
Fine consistency (%) 95.7 97.0
Total CDSse 7,878 6,072
CDSs with protein 7,690 5,928
tRNA 90 71
ncRNAs 3 4
rRNA (5S, 16S, and 23S) 21 22
aBased on genome-based DNA-DNA hybridization and average nucleotide identity values, these strains represent 
putative novel bacterial lineages yet to be described. 
bThe completeness and contamination were calculated using CheckM v1.0.18, as implemented in the Bacterial and 
Viral Bioinformatics Resource Center pipeline (14).
cContigs of CLCI03 are linear.
dThe genome sequence of CLCA07 is circular and complete.
eCDS, coding sequence.

FIG 1 Phylogenomic trees inferred by the TYGS pipeline (20, 21) using the Genome BLAST Distance 

Phylogeny (GBDP) approach showing Streptomyces sp. CLG03 (A) and Pseudomonas sp. CLG04 (B) as 

putative novel species. The numbers above branches are GBDP pseudo-bootstrap support values of 

>60% from 100 replications, with an average branch support of 89.4%.
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respectively. The closest known species to strain CLCI03 is Streptomyces nojiriensis JCM 
3382T with 48.7% dDDH relatedness value, while strain CLCA07 exhibited the highest 
dDDH value of 42.5% with Pseudomonas mucoides P154aT. Phylogenomic analyses (20, 
21) confirmed that these strains represent potential two novel lineages yet to be 
described (Fig. 1).
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