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Abstract

Pulmonary non-tuberculous mycobacterial (PNTM) infections occur in patients with
chronic lung disease, but also in a distinct group of elderly women without lung
defects who share a common body morphology: tall and lean with scoliosis, pectus
excavatum, and mitral valve prolapse. In order to characterize the human host
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susceptibility to PNTM, we performed whole exome sequencing (WES) of 44
individuals in extended families of patients with active PNTM as well as 55 additional
unrelated individuals with PNTM. This unique collection of familial cohorts in PNTM
represents an important opportunity for a high yield search for genes that regulate
mucosal immunity. An average of 58 million 100bp paired-end Illlumina reads per
exome were generated and mapped to the hgl9 reference genome. Following variant
detection and classification, we identified 58,422 potentially high-impact SNPs, 97.3%
of which were missense mutations. Segregating variants using the family pedigrees as
well as comparisons to the unrelated individuals identified multiple potential variants
associated with PNTM. Validations of these candidate variants in a larger PNTM
cohort are underway.

In addition to WES, we sequenced the genomes of 52 mycobacterial isolates,
including 9 from these PNTM patients, to integrate host PNTM susceptibility with
mycobacterial genotypes and gain insights into the key factors involved in this
devastating disease. These genomes were sequenced using a combination of 454,
lllumina, and PacBio platforms and assembled using multiple genome assemblers.
The resulting genome sequences were used to identify mycobacterial genotypes
associated with virulence, invasion, and drug resistance.

Methods

Exome Sequencing and Analysis

Exome target enrichment was performed using Agilent SureSelect All Exon V4 kits
according to protocol. lllumina HiSeq 2000 100 bp paired-end reads from all
individuals were first mapped onto the NCBI human reference genome NCBI GRCh37
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acid change, SIFT and Polyphen scores. This approach identified 58,422 high impact
SNPs, 97.3% of which were missense mutations.

We studied the segregation of variants within the family pedigrees because analysis
of related individuals helps reduce the background noise of variants that are not
associated with susceptibility to PNTM infections. We created a profile of
presence/absence of traits (e.g. PNTM infection, bronchiectasis, scoliosis, gender,
etc.) and variants (e.g. SNPs, indels) for each family.
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Human Exomes

Exome sequencing of 99 individuals was conducted in two phases. The first phase sequenced 44 individuals from extended families shown in the pedigrees above (individuals sequenced denoted by red circles). The second phase added
55 unrelated individuals with PNTM. Validations of candidate variants associated with PNTM are underway.

Variant Stats Per Exome (Phase | & Il)
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Mycobacterial Genomes

Phase | of bacterial genome sequencing included 38 longitudinally gathered and curated specimens obtained from patients
predominantly with lung infection followed over long periods (up to 11 years). We are using the genome sequences for
comparisons at various levels to explore changes associated with virulence, invasion, and drug resistance. These isolates were
sequenced using a combination of 454 and lllumina data, resulting in genome assemblies with an average of <10 contigs and a
contig N50 of >1.8 Mbp.
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Variant Stats — Merged

Family L

Phase Il included 9 samples from patients whose exomes were sequenced as part of the family
pedigrees in Phase |, together with 5 samples from unrelated individuals. These isolates were
sequenced using a combination of PacBio RS | and lllumina data. As shown in the table below,
assembly results followed a species-specific trend with M. abscessus samples producing the highest
quality genome sequences.

This study represents a unique opportunity to investigate the association between host and pathogen genotypes in patients with PNTM. As demonstrated above, ongoing analysis of the mycobacterial genome sequences will provide
insights into the appearance and stabilization of SNPs associated with antibiotic resistance, bacterial phenotypes in vitro and in vivo, transmissibility (outbreaks), and adaptation to the lung environment, including cystic fibrosis microbiota.
These findings will lead to the development of novel PCR-based diagnostics for early detection of adapted, drug resistant, and/or transmissible mycobacteria in the clinical microbiology laboratory. The data generated here will be used to
form recommendations for the modification of official Infection Control Guidelines, especially for handling cystic fibrosis patients.

The human exome sequences generated by this project have led to the discovery of a number of potentially novel and high-impact variants associated with PNTM susceptibility. These variants are currently being validated across the entire
set of 99 subjects sequenced here, as well as a larger cohort of individuals with CF and PNTM. Although host susceptibility to PNTM is likely to be multi-factorial, the discovery of associated variants could lead to earlier diagnosis and
modified treatment for PNTM. Combining the exome data with the mycobacterial genome sequences is further enabling investigation into associations between segregating PNTM host mutations and mycobacterial surface determinants
potentially involved in host-pathogen interactions.



