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Gates into the deep biosphere

* Geysers and springs to sample groundwater
originating from the terrestrial subsurface

©)
g
)
=
>
@
3
o
3

* Average DNAYyields for given sampling sites:

* Andernach: 6.0 ng/ul
e MSI: 5.86 ng/ul

* Recommended DNA quantity for Nanopore
sequencing often exceeds the recoverable
amount of DNA of environmental aquatic
samples

Cold-water geyser, Sulfuric Spring “Islinger

Andernach, Germany Muhlbach” (MSI), Regensburg,
Germany

Sophie Anja Simon, Group for Environmental Metagenomics (GEM) — sophie.simon@uni-due.de 20.11.24




s [ 1
E;%b?:‘) UDE GENOME-RESOLVED NANOPORE METAGENOMICS

- Withlittle to (almost) no DNA?

ey,
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* Microbial DNA Standard (HMW ZymoBIOMICS) =

* DNA from seven bacterialand one fungal strain
* High molecular weight: > 50 kb in size

Ligation sequencing DNA V14 (SQK-LSK114) o
Lo {0 NANOPORE

rrrrrrrr ] GDE_2181_v114_revl_29Jun2022
2 pdate: 06/01/2023

27 metagenomes

: * Nine DNA t levelin triplicat
Before start checklist ine input level in triplicates

* Sequencing depth: 1 Gb (if possible)

Materials
* Evaluating the results at multiple levels of a genome-

<1 1 pg (or 100-200 fmol) high molecular weight resolved metagenomics pipeline
genomic/amplicon DNA

* Sequencing quality

« Community composition oo TR
* Assembly quality > n*:’i:" >
* Recovery of MAGs o

* |Impactof Nanopore reads generated with lower-than- O
recommended DNA amounts on hybrid assemblies in
combination with lllumina reads
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= Each species is qualitatively detectable
downto1ng
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Bacillus subtilis
[ Enterococcus faecalis
Escherichia coli

. Listeria monocytogenes
B Pseudomonas aeruginosa
B Saccaromyces cerevisiae
P saimonella enterica

[ Staphylococcus aureus

B

PCoA2 - variation explained: 0.7%

0.050 A
theoretical
abundance
[
100 ng
0.025 4
500 ng
\
0.000 1 35 ng \
M 50 ng
*> e
1 ng 10 ng
200 ng
-0.025 A
-0.050 1
—6.4 —6.2 OTO 0.[2

PCoA1 - variation explained: 99.5%

= Significant correlation of relative abundance
and theoretical abundance down to 50 ng
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A * Manual binning of Nanopore-only metagenomes
samonela erterica @ @@ OO OO OGO O OO O OOOOC )| @wmaG

Pseudomonas aeruginosa | @ @O OO OGO OO@ OGO OOOGC | e * Contamination/completeness based on 51
Listeria monocytogenes{DOQ OO QOO0 OCOO00O0 O OOOC |~ MaG . . .
Escherichia 0/ { O O OO 0000000 00 00O OO0 | O M ompleteness universal bacterial single-copy genes
Enterococcus faecalis OOOOOOOOQOOOOO()OOOr ,\O )

Scter e 9090009 PVHOL OO OB  ANI = average nucleotide identity

* Length consensus = metric comparing how well
reference and obtained MAG align to each other

B

Staphylococcus aureus

Salmonella enterica

Simon et al. BMC Genomics (2023) 24:727 BMC Genomics
https://doi.org/10.1186/512864-023-09853-w
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Paner AN Dancing the Nanopore limbo - Nanopore X
metagenomics from small DNA quantities
for bacterial genome reconstruction

Escherichia coli
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Enterococcus faecalis

Bacillus subtilis

Sophie A. Simon'", Katharina Schmidt', Lea Griesdorn', André R. Soares'?, Till L. V. Bornemann'? and
Alexander J. Probst'?*
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Example: Ca. Altiarchaeum hamiconexum (MSI)

* Uncultivated archaeal genus
* Globally distributed
* Primary producers

* Severaltimes sequenced (short- and long-
reads)

= highly fragmented genomes

* Here: Sequencing of one single biofilm flock to
reduce strain heterogeneity

* DNA extraction from ten single Alti flocks:

Nearly pure biofilm flocks * Highestconcentration: 0.30 ng/pL DNA s .:;7_7_47:7_;”____________7_

 formed by - Sequencing of ~15 ng of DNA using Nanopore R

Candidatus Altiarchaesum S ing via MinlON lted in 2.1 Gb I e

hamiconexum (MS)) equencing via Min resulted in 2. TR ERE R
= best reconstruction of the genome (so far) Assembly Graph
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Sampling approach of Ca. Altiarchaeum hamiconexum biofilm flocks

upge IMPROVED QUALITY OF MAGS

Applying low-biomass Nanopore metagenomics

MAG

- 2024_MSI_multi-flock_3
. 2024_MSI-multi-flock_1
. 2022_MSI_multi_flock
. 2023_MSI_singleFlock4
- 2023_MSI_singleFlocks
. 2023_MSI_singleFlock8
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* Sequencing of two additional single
biofilm flocks

* 0.188 ng/pL
* 0.252 ng/uL

* Reduced strain-heterogeneity
improved assemblies

= Use of long-reads in every
assembly-based metagenomic
study including those from low-
biomass environments is highly
recommended
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The smaller the DNA input, the
lower the sequencing depth
Sequencing runs were
manually stopped
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