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Introduction

The problem

Genome assembly

» Microbiomes play crucial roles in organisms and ecosystems
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State of the art: studies at species-level

Identifying Keystone Species in the Human Gut Microbiome
from Metagenomic Timeseries Using Sparse Linear
Regression \ . Lo A

Metabolic modeling of species interaction in

Pankaj Mehta B
the human microbiome elucidates
community-level assembly rules

Charles K

dozens of microbial species could modulate or contribute to cancer
N. Cullin et al. , Microbiome and cancer, 2021
bacteria are rare. Of the 639 species identified in a population
study of 1135 Dutch individuals, 469 (73%) were present in
RK. Weersma et al. , Interaction between drugs and the gut microbiome, 2020

yand Elhanan Borenste

difficulties to attribute the species that produce the identified metabolite.

M.S. Afrdi et al., Plant Microbiome Engineering : Hopes or Hypes, 2022 invasions into soil communities [50]. Similarly, low abundance
bacterial species largely contributed to the production of antifun-

gal volatile compounds that protect the plant against soil-borne

S. Compant et al. A review on the plant micobiome : Ecology, functions,
and emerging trends in microbial application, 2019
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Knowledge gaps remain: strain diversity

Ryan Caldwell, Wei Zhou, Julia Oh, Strains to go: interactions of the skin microbiome beyond its species, 2022
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Genome assembly

Repeated region

—_—
Genomes <r— — —

Sequencing: noisy fragments,
called reads, are produced
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Assembly: reads are aligned and
the sequence reconstructed
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Introduction
The problem

Genome assembly

Genome assembly: similar regions get collapsed

Almost-repeated region
——
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called reads, are produced

Sequencing: noisy fragments,
SNPs.

N —— e —

the sequence reconstructed

» When divergence is small compared to the error rate of reads,
it is discarded as sequencing errors
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Introduction

The problem

Genome assembly

Assembling a metagenome is difficult

Species A

Strain 1

[ SpeciesA | i ly )
\ Strain2 | > > \SPECIES A
P J/
Species A
Strain 3

» Unknown (potentially high) number of strains

» Uneven coverage

» Highly similar strains

» One of the main reason microbiomes are studied at
species-level
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The problem

Genome assembly

State of the art

Article | Open Access | Published: 23 July 2021

Strainberry: automated strain separationin low-
complexity metagenomes using long reads

Riccardo Vicedomini &, Christopher Quince, Aaron E. Darling & Rayan Chikhi

Nature Communications 12, Article number: 4485 (2021) ‘ Cite this article

» Unsatisfactory when many strains present
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Introduction

The problem

Genome assembly

HairSplitter

» HairSplitter recovers the lost differences between strains

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATGGAGCG-—TCECGACCETA
AACTGTGTCCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACTGTGACCCTATAGAGCGATACGCGACCETA
AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA
AACTGCGTCCCTATAGAGCGATACGCGACCATA

—
Input: All reads, the draft assembly
Output: Reads splitinto groups

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA

ABCTGTGTCCCT-TAGAGCGATTCGCGAGTETA

AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA
L]

AACGGTGTCCCTATGGAGCG-—TCGCGACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
CGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACTGCGTCCCTATAGAGCGATACGCGACCGTA
CTGTGACCCTATAGAGCGATACGCGACCGTA
ACTGTGTCCCTATAGAGCGATACGCGACCGTA

» Hairsplitter: One given to hair-splitting or making sophistical
distinctions in reasoning. - The Century Dictionary.
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Algorithm

Let's try to split the reads

ref AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

r1 AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAAGTGT
r2 AACGGTGTCCATATGGAGCG--TCGCGACCGTATCTCGAAAGCAGAAGTGT
r3 AACTGTGTCCCTATAGAGCGATACGCGACCGTACCTCGGAAGCTGAA-TGT
r4 AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAAGTGT
r5 AACGGTGTCCATATAGAGCGATTCGCGACCGTACCTCGAAAGCTGAAGTGT
r6 AACGGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGAAAGCAGAAGTGT
r7 AACTGTGACCCTATAGAGCGATACGCGACCGTACCTCGGAAGCAGAA-TGT
r8 AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAAGTGT
r9 AACTGCGTCCCTATAGAGCGATACGCGACCGTACCTCGGAAGCAGAA-TGT
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Algorithm

First intuition: some positions are suspicious

10/20)

ref AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

r1 AAGTETGTCYCE-[rAGAGCGA
r2 AAGGETGTCAFA[NGGAGCG—
r3 AAGTETGTCECEA[LAGAGCGA
r4 AAGTETGTCEAF-[TAGAGCGA
r5 AAGGETGTCYAFA[IAGAGCGA
r6  AAGGETGTCECEA[LAGAGCGA
r7 AAQT¢TGACCRATAGAGCGAT
r8 AAGTETGTCYAF—[TAGAGCGA
r9 AAGT[CGTCYCEATAGAGCGA

Roland Faure, Jean-Francois Flot, Dominique Lavenier
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» Many of these positions are not actual variants
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Algorithm

HairSplitter's key idea: this can't be chance

11/20

ref AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

r1
r2
r3
r4
r5
ré6
r7
r8
r9

AA
AA
AA
AA
AA
AA
AAQ
AA

AA

FTGTCCCT-TAGAGCGA
TGTCCATATGGAGCG—
GTGTCCCTATAGAGCGA
GTGTCCAT-TAGAGCGA
TGTCCATATAGAGCGA
GTGTCCCTATAGAGCGA
b TGACCCTATAGAGCGAT
GTGTCCAT-TAGAGCGA

T
G
T
T
el
G
T
T
1)

FCGTCCCTATAGAGCGA

CGCGAGCGTATCTC
CGCGACCGTATCTC
CGCGACCGTACCTC
CGCGAGCGTATCTC
CGCGACCGTACCTC
CGCGACCGTACCTC
CGCGACCGTACCTC
CGCAAGCGTACCTC

T
C
T
T
C
C
T
T
7]

CGCGACCGTACCTC
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GPAGCTGAA-TGT
AGCAGAAGTGT
GRAGCTGAAGTGT
GRAGCTGAA-TGT
AGCTGAAGTGT
AGCAGAAATGT
GRAAGCAGAAGTGT
GRAGCTGAA-TGT
GRAGCAGAAGTGT




Algorithm

Data mining to highlight variants

ref AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

r1 AAGTETGTCCCYT—[FTAGAGCGA GTATCTCGGPAGCTGAAR-TGT
r2 AA¢GETGTCCATAGGAGCG— GTATCTC AGCAGAAGYGT
r3 AAQTBTGTCCCTAAGAGCGA GTACCTCGGPAGCTGAAGTGT
r4 AAGTETGTCCAT-[TAGAGCGA GTATCTCGGPAGCTGAA-TGT
r5 AAGGETGTCCATAAGAGCGA! GTACCTC AGCTGAAGTGT
r6 AAGGETGTCCCTA[IAGAGCGA GTACCTC AGCAGAAAYIGT
r7 AAQTGTGACCCIAFTAGAGCGAT GTACCTCYGRAGCAGAANGTGT
r8 AA(GTETGTCCAT—-TAGAGCGA GTACCTCGGPAGCTGAA-TGT
r9  AA [ TFCGTCCCTAJIAGAGCGA GTACCTCGGRAGCAGAAGTGT

{r2,r5,r6}, {r1,r3,r4,r7,r8,ro}
{r1,r4,r8}, {r2,r3,r5,r6,r7,r9}
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Algorithm

Separating the reads
» Reads that should not be in the same strain are linked

r1

r8

{r2,r5,r6}, {r1,r3,r4,r7,r8,r9}
{r1,r4,r8}, {r2,r3,r5,r6,r7,r9}

r7

» Vertex coloring problem
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Algorithm

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA

Assembly

Reads are re-assembled

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATGGAGCG-—-TCGCGACCGTA
AACTGTGTCCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA
AACGGTGTCCCTATAGA!

GATTC!

GACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
AACTGTGACCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA
AACTGCGTCCCTATAGAGCGATACGCGACCGTA

I

AACGGTGTCCCTATGGAGCG--TCGCGACCGTA
AACGGTGTCCCTATAGAGCGATTCGCGACCGTA
ARCGGTGTCCCTATAGAGCGATTCGCGACCGTA

Assembly

Roland Faure, Jean-Francois Flot, Dominique Laven

Reads aligned on
draft assembly

AACTGCGTCCCTATAGAGCGATACGCGACCGTA
AACTGTGACCCTATAGAGCGATACGCGACCGTA
AACTGTGTCCCTATAGAGCGATACGCGACCGTA

Assembly




Results

Simulated data

» Mix of 2 to 10 E. coli genomes.
Badreads

100
¥
© ¥
g
g ® ¢
£ *
En
- .
n .
Fog e metabive ¢
4 metaFlye+Strainberry
% metaFlye+HairSplitter
4

- @ @ s
Number of strains

(a) Nanopore sequencing (12%
error), 50x per strain

Reads simulated with

1
2

x
¢ x «
x
n 07 e M
il
¢ »
T L]
i
B !
.
: .
“Ell T
4 o metafiye
T 80{ ¢ metaFlye+Strainberry
metaFlye-+stRainy
% metaFlye+HairSplitter
50
N ° @ M

Number of strains

(b) HiFi sequencing, 10x per
strain

» HairSplitter performs very well with high number of strains
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Mock data

» Zymobiomics gut microbiome standard: contains a mix of 5 E.
coli strains

metaFlye metaFlye+Strainberry  metaFlye+HairSplitter

Nanopore Q9 0.586 0.749 0.957
Nanopore Q20  0.7524 0.9527 0.961
PacBio HiFi 0.9589 0.9793 0.9895

Table: 31-mer completeness of assemblies w.r.t. the reference
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Real data

» 5 Vagococcus fluvialis strains sequenced with Nanopore
barcoded reads (doi.org/10.1186/s12864-022-08842-9).

metaFlye metaFlye+Strainberry metaFlye+HairSplitter
Nanopore 0.718 0.7398 0.9042

Table: 31-mer completeness of assemblies w.r.t. a Flye assembly where
reads from different strains were separated.
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Conclusion

Limitation: Contiguity

l Read separation

l Re-assembly

» Strains are separated only locally

» Contiguity can decrease significantly
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Take-home message

» HairSplitter reconstruct collapsed sequences from “draft”
assemblies obtained by any means

» HairSplitter can be used on metagenomic (and multiploid ?)
assemblies

» Only needs sequencing reads, potentially error-prone
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Take-home message

» HairSplitter reconstruct collapsed sequences from “draft”
assemblies obtained by any means

» HairSplitter can be used on metagenomic (and multiploid ?)
assemblies

» Only needs sequencing reads, potentially error-prone

» Available prototype ! github.com/RolandFaure/HairSplitter
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Conclusion

Behaviour of HairSplitter/BiHap: coverage
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Conclusion

Local strain separation

window 1 window 2

lRead separation

l Re-assembly
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Local strain separation
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