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Strain diversity is both Beta 4
biologically importantand -,-. :

scientifically informative
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e Functional differences between strains
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e Tracking strains between individuals, Z:
over time, or across global geography ¢ \
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e Transmission patterns, disease
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associations, selection pressures, etc. f Omicron

https://nextstrain.org



Reference based methods for metagenomic profiling
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Reference based methods for metagenomic profiling
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Metagenomic datasets are growing rapidly
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Metagenomic datasets are growing rapidly
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10° stool metagenomes
publicly available (or soon)

Median depth of ~10M reads

One notable example:
HMP2 composed of

o ~1300 samples

o ~100 subjects

o Longitudinal sampling



Beyond species
diversity:

100 or 1000s of
distinct strains
across subjects

UMAP2

Faecalibacterium prausnitzii
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Same vs. Different Subject
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Same vs. Different Subject

350 Strain diversity enables tracking of
transmission between microbiomes
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How do we accurately reconstruct
strains from metagenomes?
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Inferring gene
content accurately
is difficult.



Challenge: Long tail of species abundance

I Inferring gene
SO content accurately
g is difficult.
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High levels of diversity results in insufficient sequencing
depth for low-abundance species

Q Il [
-mo-s =S
=

©

g 102+

O

<

510734

—

o

&) 1074+

S

5 1072

] — -

S a = = =
10-° T T T ——

| | |
0 25 50 75 100 125 150
Rank



Challenge: Pangenomes are large, incomplete, and
overlapping

wikipedia.org



Strain-resolved gene content reconstruction:
major challenges

e Low abundance (sparsity)
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Strain-resolved gene content reconstruction:
major challenges

e Low abundance (sparsity)

e Cross-mapping from other
species

How to overcome
these limitations?



Solution: Look for correlations across multiple samples,
instead of depth alone
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Challenge:
Strain variation

Correlations are
weakened and
strain-specific
genes are lost
due to
Inconsistent
depth.




Solution: Partition samples by strain

Escherichia coli
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depth ratio
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depth ratio
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Partitioned

oe’® %ot . )
. ....*c."tl .":.... *

onjeJ yidap

1.0

0.99 0.999 0.9999

Cosine Similarity

0.9



0. *® o .
Voot Vgrd, &
. L .

-@:
J g °
.—‘.“._‘.—.——-———.———
.
i bt L4 . . *
o g
L . bl

Strain Gene Hits

.“‘ i
-o N
s
.3 - . ..
« %
.o..f o
.9.«. ..
g

onjeJ yidap

10~4J

1.0

0.99 0.999 0.9999

Cosine Similarity

0.9



Genes inferred for 16 distinct E. coli strains
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Inferred genes for 16 distinct E. coli strains
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Strain genotypes and gene content are both different from
existing references
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Genome size and gene prevalence are consistent with
reference databases
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Genome size and gene prevalence are consistent with
reference databases
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Inferred genes for 16 distinct E. coli strains
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annotated

The variable fraction is enriched with un-annotated genes.

Yes

|
2000
counts

Il core
B variable

Model lab strains and other
isolates may be insufficient for
understanding physiology in
the gut microbiome.
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category

Il core
B variable

- Coenzyme transport and metabolism

— Function unknown

- Signal transduction mechanisms

- Translation, ribosomal structure and biogenesis

— Amino acid transport and metabolism

— Cell cycle control, cell division, chromosome partitioning
— Cell wall/membrane/envelope biogenesis

~ General function prediction only

~ Lipid transport and metabolism

—~Nucleotide transport and metabolism

- Energy production and conversion

— Post-translational modification, protein turnover, and chaperones

- Inorganic ion transport and metabolism
- Transcription
- Replication, recombination and repair

— Carbohydrate transport and metabolism

- Secondary metabolites biosynthesis, transport, and catabolism

- Defense mechanisms
~ Intracellular trafficking, secretion, and vesicular transport
— Cell motility

— Extracellular structures

~ Mobilome: prophages, transposons

0.00

1
0.05
fraction

T
0.10

Among COG-
annotated genes,
variable genome is
enriched with
important functional
categories, e.g.:

e Motility

e Carbohydrate and
secondary metabolism

e Defense

e Etc.



Distantly related strains can share an entire suite of genes
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Distantly related strains can share an entire suite of genes

kpsD/M
(COG1596, COG1682)

Transporter for capsular polysaccharide:
[

Rhamnose synthesis (component of
rfoB/C/D

O-antigen)

(COG1088, COG1898, COG1091)

rmlA (COG1209)
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18 un-annotated proteins
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Distantly related strains can share an entire suite of genes

Prophage integrase
e intA (COG0582)

Transporter for capsular polysaccharide:
e kpsD/M
(COG1596, COG1682)
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Peptidoglycan

Rhamnose synthesis (component of
O-antigen)
e rfbB/C/D
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18 un-annotated proteins



Enormous Strain Diversity
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Strain-informed Gene Inference
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Functional Enrichment in Variable Fraction

~ Carbohydrate transport and metabolism

- Secondary metabolites biosynthesis, transpo
- Defense mechanisms

~ Intracellular trafficking, secretion, and vesict
— Cell motility

- Extracellular structures

~ Mobilome: prophages, transposons




