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ABSTRACT 
Mycobacterium tuberculosis (Mtb) remains one of the leading infectious causes of death 
worldwide. Whole Genome Sequencing (WGS) has emerged as a useful tool for strain 
categorization and outbreak tracking. Despite the widespread use of whole genome sequencing 
(WGS) tools in bacterial research, there is currently no gold standard pipeline to de novo 
assemble new genomes. To fill this gap, we developed Bact-Builder, a streamlined pipeline for 
de novo assembly of high quality, accurate bacterial genomes using a long-read consensus 
assembly, followed by both long and short read polishing. This novel pipeline takes advantage 
of the strengths of multiple long read assemblers to reduce assembly-based errors and generate 
a consensus genome that is further polished with both long and short reads to correct for 
insertions and deletions (indels) and single nucleotide polymorphisms (SNPs). Bact-Builder was 
first applied to the Mtb H37Rv reference strain using an in silico simulated data set generated 
using the published H37Rv genome and was then used to assemble H37Rv sequenced from 
laboratory stocks. We demonstrate that our pipeline produced a complete, closed out genome 
that was closer in accuracy to the published reference than other tools and revealed key 
differences in laboratory H37Rv strains compared to the published sequence. We discovered 
that the newly sequenced H37Rv genome contained ~6.4 kb additional base pairs, encoding ten 
new regions that include insertions in PE/PPE genes and new paralogs of PPE38, esxN and esxJ, 
which are differentially expressed compared to the known paralogs. Our findings present a 
major update to the H37Rv reference genome. We further applied Bact-Builder to other 
reference strains of Mtb and several clinical isolates spanning all seven established lineages of 
the Mtb complex (MTBC) to generate a novel Mtb Pangenome. Our Pangenome allowed us to 
identify 16 hypervariable regions (HVRs) as well as several previously undiscovered gene 
paralogs and duplications. Ultimately, our tool and resulting pangenome will be useful for a 
variety of downstream applications such as antimicrobial resistance (AMR) detection, 
evolutionary phylogenetic studies, construction of new lineages specific reference sequences, 
and variant analysis among others.  
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