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Introduction

How do we measure sequence similarity for (microbial) genomes?

* Average nucleotide identity (ANI) - % of nucleotides shared for
orthologous regions

 Common use cases: species delineation (95%), etc
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Calculating average nucleotide
identity

* Alignment: compute alighments + estimate sequence identity
* ANIm (MUMmer)
* ANIb/ANIu (BLAST, USEARCH)

* Sketching: obtain subset of k-mers, use k-mers to estimate ANI, >
10,000x faster than alignment
* Mash (MinHash) - Ondov et al. 2016
* Sourmash (FracMinHash) - Irber et al. 2022

* Hybrid: combination of above
* FastANI (Minimizer MinHash + mapping) - Jain et al. 2018
* skani (Sparse k-mer chaining) - Shaw and Yu 2023
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Metagenomic data is noisy

* Metagenome-assembled genomes (MAGS) are noisy
* Incomplete (missing sequences)
* Contaminated (spurious sequences included)
* Fragmented (small contigs, low N50)

Comparing incomplete
MAGs
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MAG noise biases ANI calculations

Two identical E. coli genomes, simulated fragmentation and incompleteness
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skani: a new tool

* skaniis a new ANI and aligned fraction tool for genomes > 82% ANI
*  Works with MAGs, genomes, eukaryotic MAGs, contigs

* Database search is supported by fast k-mer ANI filtering

* Easy install - bioconda, static binary, written in rust with no 3rd
party dependencies
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skani methods: key points

* FracMinHash sketched k-mer filtering > 80% ANI (like sourmash,
Irber et al. 2022)

* Sparse k-mer seed-chain-mapping (like minimap2, Li 2018)

* Estimate ANI by using unbiased k-mer statistics only on orthologous
regions

* Builds on theoretical work explaining ANI estimation bias in
seeding (Belbasi et al. 2022, Hera et al. 2023)
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skani - fast, accurate, robust

Comparing incomplete
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skani Is more robust - simulated

skani FastANI Mash ANIlu ANIm
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skanl Is more robust - real

Real MAGs from Pasolli et al (2019) with > 99% ANIm estimate
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skani gives better downstream
results faster

Clustering on 195 Alistipes ihumii MAGs from Pasolli et al (2019).
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~50x faster than FastANI, > 500x faster than ANIm, slower than Mash
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skani can do database search

* Searching an E.coli genome against GTDB R214 (85,202 genomes)
* 7 seconds
* 6 GBof RAM
* 1thread

* Searching an entire long-read assembly (300 Mb contigs) against
GTDB R214 (85,202 genomes)
* 1.5 minutes
* 20 GB of RAM
* 10 threads
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Key takeaways

* MAGs are noisy - induces bias in ANI calculation

* Mash: incompleteness lowers ANI
* FastANI: low N50 lowers ANI
* ANIm, ANIb: good but slow

* skani is more robust against noise - better downstream results
* skani is fast (500x faster than MUMmer method)
* skani can do database search - search 85,202 genomes in seconds
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Conclusion Github

Fast and robust metagenomic sequence comparison through sparse
chaining with skani

* Thanks for the referees for lots of benchmarking advice
* Check our poster out! (B-180)
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