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Problem: assembling similar 
sequences

Sequencing: noisy fragments, 
called reads, are produced

Assembly: reads are aligned and 
the sequence reconstructed 

Almost-conserved region

PROBLEM!
Similar regions (typically different strains) get collapsed in a 

single sequence

State of the art

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
AACTGTGTCCCTATAGAGCGATACGCGACCGTAInput: long reads, draft assembly 

Output: strain-separated assembly

Difficulties: Unknown number of strains (potentially high), uneven coverage

Existing software: Strainberry [1], stRainy (under development) [2], hifiasm [3]

But: To be improved for noisy reads and high number of strains

Algorithm

Variant calling

read_1

Robust Robust Robust

= most frequent base

= diverging base

A variant is robust if it is 
confirmed by other 
variants

AACTGCGTCCCTATAGAGCGATACGCGACCGTACCTCGGAA

AACTGTGTCCAT-TAGAGCGATTCGCAAGCGTACCTCGGAA

AACTGTGACCCTATAGAGCGATACGCGACCGTACCTCGGAA

AACGGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGAAA
AACGGTGTCCATATAGAGCGATTCGCGACCGTACCTCGAAA

AACTGTGTCCAT-TAGAGCGATTCGCGAGCGTATCTCGGAA

AACTGTGTCCCTATAGAGCGATACGCGACCGTACCTCGGAA

AACGGTGTCCATATGGAGCG--TCGCGACCGTATCTCGAAA

AACTGTGTCCCT-TAGAGCGATTCGCGAGCGTATCTCGGAAread_1

Results Conclusion & Perspectives
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➢ Hairsplitter reconstructs a strain-separated assembly from 
a draft assemby, improving on the state-of-the-art

➢ Hairsplitter uses any type of long reads (incl. high-error 
reads) on any type of assembly (incl. polyploid genome 
assemblies)

➢ Perspective: improve the understanding of true microbiomes

Graph is clustered by the Chinese 
Whispers algorithm
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draft asm AACTGTGTCCCTATAGAGCGATTCGCGACCGTACCTCGGAAGCTGAAGTGT

G A A T C T A A G
T C A A C C G T -
T A - T G T G T G
G A A T C C A T G
G C A T C C A A G
T C A A C C G A -
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T C A A C C G A -

1. Robust variant calling
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2. Read clustering
Each read is linked to the k nearest reads (k=2 

here), computed using robust variants
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3. Reassembly

➢ Mix of 2 to 10 E. coli strains, simulated sequencing from RefSeq genomes

Nanopore (12 % error rate), 50x per strain HiFi (1 % error rate), 10x per strain 

➢ Mix of 5 E. coli strains, Zymobiomics gut microbiome standard

Genomes

Reads

Assembly

github.com/RolandFaure/Hairsplitter
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