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SHOTGUN METAGENOMIC SEQUENCING

Characterizing metagenomic
samples with NGS

Next-generation sequencing (NGS) is an excellent tool

for characterizing the species present in real-world
microbial samples and their proportional abundance.
Unlike amplicon sequencing approaches, like 16S
sequencing, shotgun metagenomic sequencing captures
comprehensive genomic information for every organism
present in a sample."? The ability to capture full genomes
means that shotgun metagenomics can identify species
missed by amplicon sequencing and that the resulting data
contains functional information not available from amplicon
methods.?

This technical note demonstrates the performance of

the NextSeq 1000 and NextSeq 2000 Systems using
available 600-cycle kits for shotgun metagenomic studies.
The shotgun metagenomics workflow integrates library
preparation, proven lllumina NGS, and push-button
secondary data analysis to provide a comprehensive
solution for microbiome discovery (Figure 1). Specifically,
we look at the effects of read length and read depth for
characterizing samples.

Methods
Library preparation
To demonstrate performance on real-world samples,

previously described stool samples* were obtained for
analysis. Libraries were prepared with the TruSeqg™ Nano

Prepare libraries >

TruSeq DNA Nano,
targeting 550-bp insert size,
or other compatible library prep
of choice

Sequence >

NextSeq 1000 or
NextSeq 2000 System

DNA High Throughput Library Prep Kit (96 samples)
(Hlumina, Catalog no. 20015965) and IDT for lllumina—
TruSeq DNA UD Indexes v2 (96 Indexes, 96 Samples)
(Ilumina, Catalog no. 20040870).

Sequencing

Prepared libraries were pooled and sequenced using a
NextSeq 1000/2000 P1 Reagents Kit (600 cycles) (lllumina,
Catalog no. 20075294). Sequencing was performed on the
NextSeq 2000 System (lllumina, Catalog no. 20038897).

Analysis

Sequencing data from pooled libraries were demultiplexed
using the BaseSpace™ Sequence Hub genomics
cloud-computing platform and processed using the
DRAGEN™ Metagenomics pipeline. Metagenomes were
assembled using SPAdes Genome Assembler. Taxonomic
classifications were conducted through the DRAGEN
Metagenomics pipeline.

For read length performance comparisons, reads
generated using 600 cycles were trimmed in silico to
300 cycles using the DRAGEN FASTQ Toolkit, available
on BaseSpace Sequence Hub. To allow read depth
comparisons between samples, each sample was
downsampled to the same number of reads (30M, 10M,
M) using the DRAGEN FASTQ Toolkit. Downsampling
is required when only a subset of the sample can be
processed by an application (eg, de novo assembly
with memory constraints) or when the full data set is
not necessary to process a sample (eg, for validating an
approach at varying levels of genomic coverage).

Analyze data

Cas

BaseSpace Sequence Hub
SPAdes Genome Assembler
Kraken2 Metagenomics app

Figure 1: Shotgun metagenomics NGS workflow on the NextSeq 1000 and NextSeq 2000 Systems.
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Results

To demonstrate the effect of longer reads on metagenome
assembly in complex samples, real-world stool samples
were sequenced on the NextSeq 2000 System using

the NextSeq 1000/2000 P1 Reagents Kit (600 cycles). To
generate shorter reads for this comparison, reads from

the real-world samples were trimmed from 600 cycles

to 300 cycles using the DRAGEN FASTQ Toolkit app.

Next, Kraken2, a k-mer—based taxonomic classifier,* was
used to determine the percentage of classified reads for
samples at either 600 cycles or 300 cycles (Figure 2). Data
indicated that longer reads provided some improvements
for k-mer—based taxonomic classification with diverse
environmental samples.

Using the same trimmed data, we examined the read
length impacts on sample richness (ie, the number of
species detected in a sample) and the Shannon index (ie,
the proportional representation of the species detected

in the sample). These metrics indicate that the observed
microbial diversity of the stool samples increased when
the read length increased, while the proportion of detected
species quantified by the Shannon index, as expected,
remained relatively unchanged (Figure 3).

Greater sequencing depth improves sample
characterization

Next, we examined the importance of read depth on
measures of population diversity for the real-life stool
samples. For this analysis, the number of reads from
the NextSeq 2000 System was downsampled to 30M,
10M, and 1M reads using the DRAGEN FASTQ Toolkit
and the richness and Shannon index were calculated
using the DRAGEN Metagenomics app. Diversity metrics
demonstrated that the microbial diversity of the stool
samples increased when the sequencing depth was
increased, while the proportion of the species indicated
by the Shannon index remained relatively unchanged
(Figure 4).

* Kraken2 Metagenomics taxonomic classification is available
through the lllumina DRAGEN Metagenomics BaseSpace App.
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Figure 2: Longer read length improves reads classification

for real-life stool samples sequenced on the NextSeq 2000
System—The DRAGEN FASTQ Toolkit app was used to trim reads
from the NextSeq 2000 System from 600 cycles (2 x 300 bp) to
300 cycles (2 x 150 bp). Next, Kraken2 was used to determine the
percentage of classified reads for each sample. Read depth was
30M reads for the analysis. Error bars represent one standard error
from the mean.
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Figure 3: Microbial richness of the stool samples increases with
longer read length—The DRAGEN FASTQ Toolkit App was used

to trim reads from the NextSeq 2000 System from 600 cycles

(2 x 300 bp) to 300 cycles (2 x 150 bp). Next, the DRAGEN
Metagenomics App was used to calculate the richness and
Shannon index to quantify the number of species detected and
proportional diversity, respectively. Richness increased with longer
reads, while the Shannon index remained relatively unchanged.
Read depth was 30M reads for the analysis.
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Figure 4: Microbial richness of the stool samples increases as
sequencing depth increases—Richness and Shannon index were
calculated using the DRAGEN Metagenomics app to measure

the number of species detected and the proportional diversity
observed with sequencing at 30M, 10M, and 1M reads. As
expected, richness decreases in downsampled data, while the
Shannon index stays approximately the same.

Longer reads improve taxonomic identification

One of the current challenges with profiling diverse
environmental microbial populations is the lack of complete
reference genomes for many rare and unculturable
species. To examine the impact of longer reads on
sample characterization, data was trimmed to 1M reads
and read lengths from 2 x 300 bp to 2 x 150 bp using
the DRAGEN FASTQ Toolkit App. Data showed that the
number of assembled contigs in highly diverse microbial
populations was greater when using longer read lengths,
as demonstrated by the larger total length of assemblies
(Figure 5). Shotgun metagenomic sequencing with
lllumina 2 x 300 bp sequencing read lengths improved
de novo assembly of metagenomes from environmental
samples, contributing significantly to the overall
completeness of each assembled metagenome.
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Figure 5: Longer read length supports an increased overall
number of assembled bases for real-life stool samples
sequenced on the NextSeq 2000 System—NextSeq 2000 System
metagenomic sequencing data was trimmed to 1M reads and read
lengths from 2 x 300 bp to 2 x 150 bp using the DRAGEN FASTQ
Toolkit app. For comparisons, the SPAdes Genome Assembler was
used to generate total contig lengths from sequencing reads set at
2 x 300 bp and 2 x 150 bp.

Summary

This technical note examines the impact of using longer
reads and higher read depths on analysis of metagenomic
data from real-world stool samples. The 600-cycle

Kits available on the NextSeq 1000 and NextSeq 2000
Systems provide an excellent mix of read length and data
output that enables for deep sequencing of metagenomic
samples, making them an excellent choice for this
application.

We demonstrate that longer reads support gains in
percentage of classified reads and richness measures,
while supporting better genomic assemblies in complex
samples. The Shannon index was minimally affected by
changes in read length or read depth, indicating that those
parameters were sufficient across all comparisons in the
reported analyses to generate a reasonable representation
of proportional sample diversity.
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Learn more

Shotgun metagenomics
NextSeq 1000 and NextSeq 2000 Sequencing Systems

TruSeq DNA Nano
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