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Abstract 24 

Bacillus thuringiensis-based products are key in the biopesticides market. Bacillus thuringiensis kurstaki 25 

strains Lip and BLB1 were isolated from Lebanese and Tunisian soils, respectively. These strains 26 

exhibited a high efficiency against lepidopteran larvae Ephestia Kuehniella. Here, we report Lip and BLB1 27 

complete genomes, including their plasmid and toxin contents.  28 

Announcement 29 

Bacillus thuringiensis serovar kurstaki (Btk) strains Lip and BLB1 were isolated from Lebanese and Tunisia 30 

soil samples, respectively (1-3). Both strains showed an increased toxicity against the lepidopteran 31 

Ephestia kuehniella larvae, in comparison to the reference strain HD-1. In the context of IPM-4-Citrus 32 

(MSCA RISE, No. 734921, 2017-2023), a project aiming to optimize the culture of these strains on a 33 
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wheat bran based medium, a whole genome sequencing (WGS) approach was adopted to elucidate all 34 

genomic aspects of Btk Lip and BLB1. 35 

For WGS, strains were grown in liquid LB medium for 16 hours at 30°C, after which DNA was extracted 36 

using the Monarch® HMW DNA Extraction Kit as per manufacturer instructions. WGS was conducted 37 

using a PacBio circular consensus sequencing (CCS) with Illumina MiSeq polishing (4-5) at the Gentyane 38 

platform at INRAE, Toulouse – France. On average for both strains, the number of CCS reads was 39 

2,806,648, and the N50 reads was 9,589 nucleotides with over 99.97 and 32.61% of reads larger than 40 

1,000 and 10,000 nucleotides. CCS lengths ranged between 97 and 40,567 nucleotides. After 41 

demultiplexing, 524,791 and 374,689 CCS reads were generated for Lip and BLB1, respectively. Assembly 42 

was done with flye v2.5 (6). Genome completeness was assessed using BUSCO v5.0 (7) and was found to 43 

be at 99.78% for Lip and 96% for BLB1. The GC content of Lip and BLB1 chromosomes was at 35.2 and 44 

35.3%, respectively. That of the plasmids ranged between 29.8 and 40.3 % (Table 1). The completeness 45 

and circularity of chromosomes and relevant plasmids was verified by multiple sequence alignment 46 

comparison with reference Btk strains HD-1 (NCBI assembly #: ASM71753v1; 8), YBT-1520 (NCBI 47 

assembly #: ASM74754v1) and HD73 (NCBI assembly #: ASM33875v1; 9). 48 

Each strain carried 11 different plasmids, with sizes ranging between 2 and 457 kb for Lip, and 7.7 and 49 

317 kb for BLB1. Plasmid topology was circular, except for pLip15 who was identified as a linear tectiviral 50 

prophage, quite similar to GIL16, a tectivirus also isolated from a Bacillus thuringiensis strain (10).  51 

Lip and BLB1 complete genomes were annotated with RAST (11) and NCBI’s automated annotation 52 

pipeline PGAP (12), the toxin content was mined using a t.BLAST.n approach with the toxin protein 53 

sequences recovered from the Bacterial Pesticidal Protein Resource Center (https://www.bpprc-db.org; 54 

13). Cut-off was set at 70% query coverage and 45% identity. Genes encoding toxins from the Cry1 and 55 

Cry2 families were detected in both Lip and BLB1 (Table 1). In Lip, pLip300 and pLip97 were highlighted 56 

as the toxin-carrying plasmids, with five and two cry genes, respectively. As for BLB1, the toxin-carrying 57 

plasmids are pBLB1_317 and pBLB1_12. 58 

 59 

60 
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Table 1. Sequence features and accession numbers of replicons from Btk strains Lip (A) and BLB1 (B). 61 

A. Lip 

Replicon Bioproject / 
Biosample Accession # Length 

(bp) 
CDS # 
(total) # Cry coding genes GC content 

(%) 

Chromosome 

PRJNA924104 / 
SAMN32746259 

CP116313 5,293,947 5,632  35.2 

pLip2189 CP116316 2,189 4 35.3 
pLip7635 CP116320 7,635 8 32.2 
pLip7911 CP116321 7,911 9 32.3 
pLip8513 CP116322 8,513 9 30.8 

pLip12 CP116314 12,276 21 31.1 
pLip15 CP116315 15,008 28 34.9 
pLip69 CP116319 69,004 76 32.2 
pLip91 CP116323 91,357 102 31.2 
pLip97 CP116324 97,437 85 2: Cry1Ab; Cry1Ac 34.5 

pLip300 CP116317 300,451 267 
5: Cry1Aa; Cry1Ac; 

Cry1Ia; Cry2Aa; 
Cry2Ab; 

33.1 

pLip457 CP116318 457,481 408 32.7 
B. BLB1 

Chromosome 

PRJNA924104 / 
SAMN32746260 

CP116325 5,677,911 6,060  35.3 

pBLB1_7792 CP116333 7,792 9 32.3 
pBLB1_8398 CP116335 8,398 10 29.8 
pBLB1_8548 CP116336 8,548 8 30.8 

pBLB1_12 CP116326 11,521 9 1: Cry1Ab 40.3 
pBLB1_14 CP116327 14,174 21 32.5 
pBLB1_15 CP116328 15,071 22 31.2 
pBLB1_48 CP116330 47,643 73 35.4 
pBLB1_56 CP116331 56,399 62 32.2 
pBLB1_74 CP116332 73,558 88 30.6 
pBLB1_81 CP116334 80,698 86 33.5 

pBLB1_317 CP116329 317,321 282 
5: Cry1Aa; Cry1Ac; 

Cry1Ia; Cry2Aa; 
Cry2Ab; 

33.2 

 62 

Data availability statement 63 

Whole genome sequences for Bacillus thuringiensis serovar kurstaki strains Lip and BLB1 are available in 64 
NCBI’s GenBank under the bioproject number PRJNA924104 for both strains, and the accession numbers 65 
CP116313 - CP116324 for Lip and CP116325 - CP11636 for BLB1. 66 
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