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State-of-the-art: shrinking sequences with k-mers

▶ subsets of k-mers are compressed representation of sequences

▶ minimap2 (alignment), mDBG (assembly), mash (sequence
similarity), PebbleScout (sequence querying)...
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Going beyond shrinking sequences with k-mers

▶ No structural information
▶ Big chunks of data missing
▶ Awkward tasks: SVs, gene detection, assembly...
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MSR compression to shrink sequences

▶ Different properties compared to subset of k-mers
▶ Different problems
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Mapping-friendly Sequence Reduction (MSR)

▶ Introduced in iScience 2022 1 to improve mapping accuracy

▶ Mapping-friendly
▶ Computed in a streaming fashion
▶ Reverse-complement insensitive

1Blassel, Luc Medvedev, Paul Chikhi, Rayan. (2022). Mapping-friendly
sequence reductions: Going beyond homopolymer compression. iScience.
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Computing a MSR

  

CAGTATGGATACAGATGGAGATATCATCGAGTAGGGGCACTGTACCAGAGsequence

Reduced sequence A
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Demo: an experimental HiFi assembler

▶ Step 1: Compress the reads c=0.05 l=201
▶ Step 2: Assemble the compressed reads BCALM22 k=41
▶ Step 3: Inflate the contigs

2Rayan Chikhi, Antoine Limasset and Paul Medvedev, Compacting de
Bruijn graphs from sequencing data quickly and in low memory, Proceedings of
ISMB 2016, Bioinformatics, 32 (12): i201-i208.
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Going back to uncompressed space

▶ MSR is lossy → not strictly reversible

▶ Keep a record while compressing
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Why use MSR ?

▶ Dataset: mix of E. coli strains 12009 and HS, simulated HiFi
▶ hifiasm: perfect assembly, 22351s
▶ mDBG: not-so-good assembly, 30s

▶ MSR assembler: 90s

KAT of hifiasm KAT of mDBG KAT of MSR
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Difference between minimizers and MSRs

▶ Example c = 0.2, l = 15
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Error rates

▶ Sequencing errors get amplified too

▶ Rule of thumb for low l : new_error = l ∗ old_error
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Summary: MSR as a compression technique

▶ Retains contiguity
▶ No big chunks of data missing
▶ MSRs preserve and amplify differences
▶ Compatible with existing software
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Perspectives

▶ SNP/SV calling
▶ pangenome graph building
▶ data indexing
▶ taxonomic assignment

▶ Inflating the data: open question
▶ Using different MSRs
▶ Apply to more noisy data
▶ ...
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Parameters

▶ How I chose my parameters (c=0.05 l=201, Bcalm k=31)
31

0.05
+ 201 = 821
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