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Motivation I: Strains Matter



STRAIN LEVEL GENOME ASSEMBLY
ADVANTAGES

I Clinically relevant phenotypes
vary at strain level

I E.g. some E.coli strains
inflammatory, while ...

I ... other benefit hosts by
producing vitamin K

I However:
I Species level metagenome

assembly done deal
I Strain aware metagenome

assembly most driving
methodological challenge



Motivation II: Overlap Graphs



CO-OCCURING MUTATIONS

Challenges:

1. Connect reads/contigs
from the same strain

2. Distinguish sequencing
errors from low-frequency
mutations

⇒

Identification of co-occurring mutations is key



ASSEMBLY GRAPHS

Overlap graphs preserve co-occurrence information



OVERLAP GRAPHS AND METAGENOME ASSEMBLY

Viral Quasispecies: Problem Solved

I Contig Assembly: [Baaijens et al., Gen.Res. 2017]

I Full-length: [Baaijens et al., Bioinf.2018/RECOMB 2020]

Metagenomes: Prior Work Fragmentary

I Metagenome read clustering: [Balvert et al., Bioinformatics 2021]

I Polyploid genomes: [Baaijens et al., Bioinformatics 2019]

Summary and Approach

I Prior approaches employ DBG’s, operate at species level

I Here: We combine existing work and add missing pieces



Motivation III: Short Reads



NEXT GENERATION SEQUENCING

https://microbenotes.com/next-generation-sequencing-ngs/

I Most mature, little operational burden

I Low cost, little errors, high coverage easily affordable

Use your short reads – inexpensive high-end technology!

https://microbenotes.com/next-generation-sequencing-ngs/


Methods



WORKFLOW

Divide

I Clustering: Read clusters reflect
reads from same species

I Local Assembly: Assemble
strain-specific contigs in clusters

Conquer

I Global Assembly: Extend contigs
across clusters to optimal length

Illumina reads

Single linkage clustering
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Extend contigs

Contigs

Master contigs
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DIVIDE: CLUSTERING



SINGLE LINKAGE CLUSTERING

I Compute overlaps between all
reads

I Sort overlaps by overlap score
I Merge reads / clusters using fast

hash-based algorithm
I Adopted from [Balvert et al., 2021]
I Accelerated by inexpensive

algorithmic protocol, instead of
machine learning based approach



DIVIDE: LOCAL ASSEMBLY



ENUMERATING CLIQUES I

I Construct overlap graph within
clusters

I Adopted from [Baaijens et al.,
2019]: Here accelerated by non-FM
index based overlap strategy

I Remove transitive edges to avoid
computational explosion later



ENUMERATING CLIQUES II

I Compute all maximal cliques
+ fast because no transitive edges

I Remove errors, keep mutations
+ in cliques mutations co-occur,
but errors are isolated

I Extend reads in clique into contigs

Contigs strain aware because of preservation of strain specific mutation



CONQUER: GLOBAL ASSEMBLY

I Standard Procedure:
I Construct overlap graph

from cluster contigs
I Remove transitive edges
I Join “branch-less” contigs

I Key to Success:
I Input contigs error-free
I Input contigs strain-aware

Conquering is straightforward
thanks to setup of Divide



Results



DATA

I Simulated Data: Generated with CAMISIM
I Low Complexity: 20 strains / 10 species / 20X per strain
I Medium Complexity: 100 strains / 30 species / 20X per strain
I High Complexity: 1057 strains / 376 species / 10X per strain
I Spike-in: 10 Salmonella strains mixed into real gut microbiome

I Real Data:
I Bmock 12: Mock community, 12 strains / 10 species
I NWC: Natural whey starter culture, 6 strains / 3 species



BENCHMARK EXPERIMENTS

I Alternative Approaches (all de Bruijn graph based)
I IBDA-UD: [Peng et al., 2012]
I GATB-Minia: [Chikhi & Rizk, 2012]
I MEGAHIT: [Li et al., 2015]]
I SPAdes: [Bankevich et al., 2012]
I metaSPAdes: [Nurk et al., 2017]

I Metrics (QUAST)
I Genome Fraction: Fraction of strain genomes assembled

Quantifies strain awareness + particular attention
I Identity: Agreement of contigs with true sequence
I N50 / NGA50: As usual, quantify contiguity
I Misassemblies / Errors: As usual, quantify contig accuracy



RESULTS: LOW COMPLEXITY

Remarks:
I StrainXpress achieves approximately 20% better Genome Fraction

+ StrainXpress (clearly) most strain aware approach
I Contiguity (NGA 50) similar to other approaches

+ N50 of MEGAHIT/metaSPAdes offset by small Genome Fraction
+ Other contigs are not longer!

I StrainXpress contigs contain little misassemblies and errors



RESULTS: MEDIUM COMPLEXITY

Remarks:
I Trends from Low Complexity Data re-established
I XC + Method: Run Method as local assembler in our workflow

+ Enables faster and (sometimes) more favorable usage of Method



RESULTS: HIGH COMPLEXITY

Remarks:
I Explores limits of StrainXpress

+ still superior, but Genome Fraction lower than 90%
I Alternative approaches crash without XC

+ XC enables one to run alternative approaches on complex data
I Overall: All trends get re-established



RESULTS: COVERAGE

Remarks:
I Genome Fraction of StrainXpress exceeds 90% from 10X and up



RESULTS: SPIKE-IN DATA

Remarks:
I From 15X per Salmonella strain, performance of StrainXpress stabilizes
I StrainXpress outperforms alternative approaches by at least 25%



RESULTS: REAL DATA

Remarks:
I Bmock12 is easy, NWC is challenging
I By and large, trends from simulated data re-established



RESULTS: REAL DATA

Remarks:
I StrainXpress only tool to distinguish between very similar strains



Conclusion / Outlook



SUMMARY

I StrainXpress only overlap graph based approach available
I StrainXpress outperforms other approaches in strain awareness
I Contigs of all tools of high quality in terms of error content

Do not forget your short reads ... they’re high-end, cheap data!



OUTLOOK: HYLIGHT

Remarks:
I HyLight uses short and long reads (hybrid, lightweight assembler)
I HyLight clearly superior over all extant approaches
I In submission...

Do not forget your short reads – even when long reads are available
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Thanks for your attention!


