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Hierarchical Genome Detection of Base Modifications
Assembly Process (HGAP) with SMRT ® Sequencing

Understanding the genetic basis of infectious diseases is critical ~N
to enacting effective treatments, and several large-scale Overview = = +Pulse width (PW) = duration
sequencing initiatives are underway to collect this information?. of fluorescence pulse
Sequencing bacterial samples is typically performed by ) . A . _
mapping sequence reads against genomes of known reference Long reads = Consiuctpre. :ﬁiiﬂiﬁ;:’:‘ﬁe(zsl_
strains. While such resequencing informs on the spectrum of Longest : : assembled pulses
single-nucleotide differences relative to the chosen reference, it ‘seed reads reads u kol i

can miss numerous other forms of variation known to influence

pathogenicity: structural variations (duplications, inversions), ot
acquisition of mobile elements (phages, plasmids), Pre assembled genome
homonucleotide length variation causing phase variation, and Genome
epigenetic marks (methylation, phosphorothioation) that _ )
influence gene expression to switch bacteria from non-
pathogenic to pathogenic states?. Therefore, sequencing

methods which provide complete, de novo genome assemblies ( Bacterial Genome Assembly with HGAP \
and epigenomes are necessary to fully characterize infectious Finished genomes with >99.999% accuracy from long PacBio® reads
disease agents in an unbiased, hypothesis-free manner.
Hybrid assembly methods have been described that combine e
long sequence reads from SMRT® DNA Sequencing with short - S SURTECelo
reads (SMRT CCS (circular consensus) or second-generation ;s
reads), wherein the short reads are used to error-correct the
long reads which are then used for assembly. We have
developed a new paradigm for microbial de novo assemblies in
which SMRT sequencing reads from a single long insert library
are used exclusively to close the genome through a hierarchical
genome assembly process, thereby obviating the need for a
second sample preparation, sequencing run, and data set. We
have applied this method to achieve closed de novo genomes
with accuracies exceeding QV50 (>99.999%) for numerous .
disease outbreak samples, including E. coli, Salmonella, Comat sasentter | g .
Campylobacter, Listeria, Neisseria, and H. pylori. The kinetic i ' l;. o g IPD is Increased Before T Incorporation Across
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information from the same SMRT Sequencing reads is utilized from N6-methyladenine (mA)
to determine epigenomes. Approximately 70% of all
methyltransferase specificities we have determined to date 5 . ‘
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represent previously unknown bacterial epigenetic signatures. Assermbly Resut: Single Jostof the PLRS e abone s
With relatively short sequencing run times and automated Contg spans the wiholo 9095t accuacy usng ony
analysis pipelines, it is possible to go from an unknown DNA

. . . Escherichia coli (K12 MG1655)

sample to its complete de novo genome and epigenome in Assembly Results

about a day.
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High concordance (>QV50) of de novo assembly with reference
21.1X pre-assembled long reads (PLRs) with average length of 5.7 kb

Methylome Analysis

resolve all ~5.5 kb rRNA repeats to give a single contig assembly

Wi h 99.8% ORF dicti ds . . L .
ereac ° ORE prediction concordance ) Kinetic Variation Across a Bacterial Genome

Errors Are Random in SMRT® Sequencing, G A blv S
Not Correlated with Real Variants enome Assembly summary
Requirements for Achieving High-Quality
Finished Genomes:
1. High-consensus accuracy
- Lack of systematic bias

Original DNA templates Single Molecule Sequencing Reads

Methyltransferase Motif Identification

Motif #1: 6mA Motif #2: 6mA Motif #3: 4mC
57-GANTC-3~ 57-GGATCC-3~ 57-GAACT-3~
- GC content 3”-CTNAG-5" 37-CCTAGG-5" 37-CTTGA-57
- Low complexity sequence

Generate consensus: 2. Long sequence reads to resolve repeats
Random error canceled 3. Lack of sequence context bias
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