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Introduction

Methods

Conclusions

Results

Cheap short-read DNA sequencing has led to a

massive increase of genome reference

databases, although many genome drafts from

environmental systems are highly fragmented

due to strain heterogeneity, micro-diversity, and

repeats that cannot be resolved with short

reads. This poses an issue, as the absence of

genes in incomplete and fragmented genomes

fails to provide important genomic information

about microbial species. However, one way to

circumvent this problem is to use bigger pieces

of DNA to assemble the genomes.

• Long-read sequencing vastly outperforms short reads at genome-centric metagenomics

• Hybrid Nanopore + Illumina method produces genomes in comparable quality as PacBio CCS

• A Nanopore-only approach can be used to get high quality drafts, but some errors still persist

• Nanopore R9 + Illumina was found to be the most cost-effective approach at obtaining high

quality genome drafts from complex microbial communities

Aim

Quality evaluation of genome bins from Nanopore sequencing. A) IDEEL test, showcasing that 14.99 and 14.44 % of proteins

recovered from Nanopore R9 and R10, respectively, bins exhibited greater than 20 % estimated protein sequence truncation. For the

hybrid Nanopore + Illumina approach and PacBio CCS, the estimates protein truncations were similar (mean 4.19 %). Using bins from

PacBio CCS as a reference, Illumina read polishing of Nanopore assemblies was observed to reduce the amount of B) mismatches by

at least 20 % in 6/18 and 8/15 bins for R9 and R10 data, respectively. Also, the reduction of C) indel rates from short read polishing

was detected for 18 R9 and 14 R10 Nanopore bins. In plots B) and C) high quality bins are marked by circles, while medium quality

genome drafts are represented by triangles.

Investigate the potential of acquiring high

quality genomes from complex samples with

PacBio CCS and Nanopore sequencing.

Feature Illumina
Nanopore

R9

Nanopore

R9 + Illumina
Nanopore R10

Nanopore

R10 + Illumina
PacBio CCS

HQ MAGs 8 64 86 33 45 74

MQ MAGs 83 114 95 64 63 72

LQ MAGs 3 28 26 18 12 22

Contaminated MAGs 10 6 13 6 6 14

Reads binned (%) 76 86 85 86 86 83

Reads binned in HQ MAGs (%) 16 46 49 39 41 48

Contigs binned (%) 55 68 71 71 74 73

Contigs binned in HQ MAGs (%) 4 22 30 22 29 34

Sequencing costs ($) 1,200 811 2,011 811 2,011 4,420

Costs per HQ MAG ($) 150 13 23 25 45 60
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Homopolymer calling estimates. Using the assembly from PacBio CCS as a reference, homopolymer sequences were evaluated at

different lengths. Increases in homopolymer errors at longer lengths for all nucleotides were observed in metagenomes from

Nanopore R9 and R10, although homopolymer miscalling was more pronounced in R9 data, while Illumina-polished metagenomes

exhibited improved homopolymer calling.
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Metagenome assembly and binning results for different sequencing platforms. A) Differential coverage plot for a metagenome

acquired by Illumina read assembly. A total of 145,876 contigs above 1 kb length were acquired with an N50 of 3.5 kb. In contrast,

assembling a metagenome with B) Nanopore R9 reads produced an assembly of 24,680 contigs (7 circular and above 0.5 Mb length)

with an N50 of 79.9 kb. C) Genome bins fragmentation levels at varying bin SNP rates. Bins, recovered from Illumina-only assembly,

featured significantly lesser bin contiguity (median 183.5 contigs per HQ MAG) than long read platforms (9, 14.5 and 15 median

contigs per HQ MAG with PacBio CCS, Nanopore R9 and R10 assemblies, respectively).
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