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The problem
Genome assembly

Microbiomes

  

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

  

N. Cullin et al. , Microbiome and cancer, 2021

R.K. Weersma et al. , Interaction between drugs and the gut microbiome, 2020

M.S. Afridi et al. , Plant Microbiome Engineering : Hopes or Hypes, 2022

S. Compant et al. A review on the plant micobiome : Ecology, functions, 
and emerging trends in microbial application, 2019
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Genome assembly

  

Sequencing: noisy fragments, 

called reads, are produced

Assembly: reads are aligned and 

the sequence reconstructed 

Repeated region

Genomes

Reads

Assembly
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The problem
Genome assembly

Genome assembly: similar regions get collapsed

  

Sequencing: noisy fragments, 

called reads, are produced

Assembly: reads are aligned and 

the sequence reconstructed 

Almost-repeated region

SNPs

▶ When divergence is small compared to the error rate of reads,
it is discarded as sequencing errors
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The problem
Genome assembly

Assembling a metagenome is difficult

  

Species A

Strain 1

Sequencing AssemblySpecies A

Strain 2

Species A

Strain 3

Species A

▶ 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

▶ Unsatisfactory when many strains present
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The problem
Genome assembly

HairSplitter

▶ HairSplitter recovers the lost differences between strains

▶ Hairsplitter: One given to hair-splitting or making sophistical
distinctions in reasoning. - The Century Dictionary.
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Let’s try to split the reads

  

AACTGCGTCCCTATAGAGCGATACGCGACCGTACCTCGGAAGCAGAA-TGT

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAAGTGT

AACTGTGACCCTATAGAGCGATACGCGACCGTACCTCGGAAGCAGAA-TGT

AACGGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGAAAGCAGAAGTGT

AACGGTGTCCATATAGAGCGATTCGCGACCGTACCTCGAAAGCTGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAAGTGT

AACTGTGTCCCTATAGAGCGATACGCGACCGTACCTCGGAAGCTGAA-TGT

AACGGTGTCCATATGGAGCG--TCGCGACCGTATCTCGAAAGCAGAAGTGT

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAAGTGTr1

r2

r3

r4

r5

r6

r7

r8

r9

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGTref
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First intuition: some positions are suspicious

  

AACTGCGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAA-TGT

AACTGTGACCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACGGTGTCCCTATAGAGCGATCCGCGACCGTACCTCGAAAGCAGAAATGT

AACGGTGTCCATATAGAGCGATCCGCGACCGTACCTCGAAAGCTGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGT

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

AACGGTGTCCATATGGAGCG--CCGCGACCGTATCTCGAAAGCAGAAGTGT

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGTr1

r2

r3

r4

r5

r6

r7

r8

r9

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGTref
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First intuition: some positions are suspicious

  

AACTGCGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAA-TGT

AACTGTGACCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACGGTGTCCCTATAGAGCGATCCGCGACCGTACCTCGAAAGCAGAAATGT

AACGGTGTCCATATAGAGCGATCCGCGACCGTACCTCGAAAGCTGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGT

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

AACGGTGTCCATATGGAGCG--CCGCGACCGTATCTCGAAAGCAGAAGTGT

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGTr1

r2

r3

r4

r5

r6

r7

r8

r9

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGTref

▶ Many of these positions are not actual variants
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HairSplitter’s key idea: this can’t be chance

  

AACTGCGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAA-TGT

AACTGTGACCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACGGTGTCCCTATAGAGCGATCCGCGACCGTACCTCGAAAGCAGAAATGT

AACGGTGTCCATATAGAGCGATCCGCGACCGTACCTCGAAAGCTGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGT

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

AACGGTGTCCATATGGAGCG--CCGCGACCGTATCTCGAAAGCAGAAGTGT

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGTr1

r2

r3

r4

r5

r6

r7

r8

r9

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGTref
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Data mining to highlight variants

  

AACTGCGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAAGCTGAA-TGT

AACTGTGACCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCAGAAGTGT

AACGGTGTCCCTATAGAGCGATCCGCGACCGTACCTCGAAAGCAGAAATGT

AACGGTGTCCATATAGAGCGATCCGCGACCGTACCTCGAAAGCTGAAGTGT

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGT

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

AACGGTGTCCATATGGAGCG--CCGCGACCGTATCTCGAAAGCAGAAGTGT

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAGCTGAA-TGTr1

r2

r3

r4

r5

r6

r7

r8

r9

AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGTref

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

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

▶ Reads that should not be in the same strain are linked

  

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

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

r1

r2

r3

r5

r4

r6

r7

r8

r9

▶ Vertex coloring problem
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Reads are re-assembled

  

AACTGCGTCCCTATAGAGCGATACGCGACCGTA

AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA

AACTGTGACCCTATAGAGCGATACGCGACCGTA

AACGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA

AACTGTGTCCCTATAGAGCGATACGCGACCGTA

AACGGTGTCCCTATGGAGCG--TCGCGACCGTA

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTA

AACTGTGTCCCT-TAGAGCGATTCGCAAGCGTA

AACGGTGTCCCTATGGAGCG--TCGCGACCGTA

AACGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACGGTGTCCCTATAGAGCGATTCGCGACCGTA

AACTGCGTCCCTATAGAGCGATACGCGACCGTA

AACTGTGACCCTATAGAGCGATACGCGACCGTA

AACTGTGTCCCTATAGAGCGATACGCGACCGTA

Reads aligned on 

draft assembly

Assembly Assembly Assembly
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Simulated data

▶ Mix of 2 to 10 E. coli genomes. Reads simulated with
Badreads

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

(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 ŕuvialis 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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Limitation: Contiguity

  

Read separation

Re-assembly

▶ Strains are separated only locally

▶ Contiguity can decrease signiőcantly
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Take-home message

▶ HairSplitter reconstruct collapsed sequences from łdraftž
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 łdraftž
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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Behaviour of HairSplitter/BiHap: coverage
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Local strain separation

  

Read separation

Re-assembly

window 1 window 2
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Local strain separation

Reads
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