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Introduction:

The gut microbiome and
shotgun metagenomics
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e Enormous number of species
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e Enormous number of species

e Highly dynamic across people and
time

e \ery hard to study in the lab

e Strains within species have different

gene content and functional
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Phage encoded
antibiotic resistance



Metagenomic sequencing
surveys all genomes

’”C



Short-read, shotgun metagenomes
enable modern microbiome science

Requirements:

LN



Short-read, shotgun metagenomes
enable modern microbiome science

Requirements:

e strain-resolved
genome sequences

LN

> high accuracy



Short-read, shotgun metagenomes A
enable modern microbiome science h P

Requirements:

e strain-resolved
genome sequences

e capture low-
abundance organisms

> high accuracy

> very deep sequencing



Short-read, shotgun metagenomes A
enable modern microbiome science h P

Requirements:

e strain-resolved
genome sequences

e capture low-
abundance organisms

e |ots of samples and
longitudinal designs

> high accuracy
> very deep sequencing

> cheap



Short-read, shotgun metagenomes A
enable modern microbiome science h P

Requirements:

e strain-resolved
genome sequences

e capture low-
abundance organisms

e |ots of samples and
ongitudinal designs

® [0ONg sequences

> high accuracy
> very deep sequencing
> cheap
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Turning short reads into
long sequences

=GAL] —
=CCTT GAAA P>
=ACGT CCTT P>
ACGT P>
Reconstruct linear genomes
¢ from overlapping sequences

_—

..GGTAGAGCGTGGGACGTAGGGTTAACCTTAGAAAGCTAGAAAACCGCGCGCCCT...
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Problem: Closely related strains
make read-chaining ambiguous

=GAAL =
ATT P> =CCTT GAAA D
ATT GGGC P =ACGT CCTTh>

=GGGC ACGT P>
ATA GGGC P =ACGT GCGA
ATA P> =GCGA TTAG >

=TTAG=
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(This problem also comes up for mRNA alternative splicing)
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Real genomic
seguences are
paths on the graph
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Lots of incorrect paths also exist...

PN\

- — -



Lots of incorrect paths also exist...
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Lots of incorrect paths also exist...  Standard Tools:

How do we avoid these? Filter out
low-abundance
seguences
Fragment the

[ - > graph when it's
ambiguous
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StrainZip:

Untangling the metagenome graph



How can we recover long, accurate
genome sequences from short reads”?

> -\ <<j>\‘ D\

DD —~ D

»’ \m/ o



How can we recover long, accurate
genome sequences from short reads?

-



Focus on just one junction at a time



Focus on just one junction at a time

N_/
N\



Focus on just one junction at a time

\\// [ >—>

>

/N




Focus on just one junction at a time

—> D —>
—> D —>

/N



Focus on just one junction at a time

—> [ —>
—> D —>
—> D>




Focus on just one junction at a time

—> [ —>
—> [ —>
—> [ —>
—> [ —>



Focus on just one junction at a time

Select local paths

o 8 0 ®

Sparse linear
regression across
multiple samples
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Focus on just one junction at a time
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Focus on just one junction at a time

Select local paths

Unzip
Repeat
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Focus on just one junction at a time
Select local paths

Unzip

Repeat
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Strain-resolved discovery



Performance benchmarked on a
complex, synthetic community
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StrainZip lteratively Unzips Junctions
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Complex Metagenome Graphs

Strain-Resolved Metagenomics Antibiotic Resistance Potential of Phage

Assembled Fragment Length (bp)
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Thank You!
Questions?



