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Choice of Library Construction (LC) method is critical for the
accurate genome assembly of isolate species and profiling of
metagenomic communities. The Broad Institute’s Genomics Platform
has implemented a modified tagmentation-based whole-genome
sequencing process for microbial samples (Nextera XT DNA Library
Kit, Illumina). We have optimized size-selection SPRI (solid phase
reversible immobilization) methods of pooled product after LC to
overcome sequencing bias of smaller fragments and increase insert
size for improved sequencing efficiency and mapping.
To understand how these size selection modifications influenced our
results, we assessed insert size, GC bias, and community
composition using the Bray-Curtis dissimilarity statistic. Tests were
done using an in-house metagenomic standard as well as the
ZymoBIOMICS community standard (Zymo Research). Additionally,
we tested a panel of isolate species with a range of 19-69% GC to
understand how GC content and bias affect genome assembly.
Finally, we tested the NEBNext Ultra II FS (New England Biolabs)
library construction method to explore how a non-tagmentation
based method may affect these key metrics.

Library Size Selection and Effects on
Community Composition
• Tested three SPRI conditions after library construction: 0.7x, 0.7x
+0.7x, and 0.6x + 0.6x
• Conditions were pooled and sequenced Novaseq S4 150 bp
paired end
• Community analysis was performed in bioBakery (McIver et al.,
2018
• 0.6x + 0.6x SPRI showed increased insert size (Figure 1), but
reduced representation of low %GC species and increased
unexpected species calls (Figure 2)

Figure 1. Insert size histograms of 0.6x + 0.6x (blue), 0.7x + 0.7x (red), and
single 0.7x (yellow) SPRI cleanups on ZymoBIOMICS community standards.

• Calculated Bray-Curtis Dissimilarity (BCD) within and between
SPRI conditions to assess community representation
• BCD = 0, two communities are exactly the same. BCD = 1, two
communities are completely different
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Introduction

• 0.6x + 0.6x ZymoBIOMICS composition compared to expected
was acceptable (Table 1), but elevated compared to other
conditions (Figure 3)
• Suggests there is a noticeable loss of low-GC data when
performing 0.6x + 0.6x SPRI selection
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Figure 5. GC bias in P. falciparum isolate sequencing data from Nextera XT
(red, blue) and NEBNext Ultra II FS (green, yellow) library preparation
methods. Orange line represents the GC distribution (Average 19% GC).

Table 1. Bray-Curtis Dissimilarity (BCD) comparing observed results for
ZymoBIOMICS libraries for each SPRI condition to the expected profile. Values
are an average of 4 samples for each condition. Expected BCD = 0.2 or less.

SPRI

Bray-Curtis Dissimilarity

0.6 0.6X

0.1779

0.7 0.7X

0.1527

0.7X

0.1518

Figure 3. Pairwise Bray-Curtis Dissimilarity (BCD) between
SPRI conditions for post-library construction size selection
cleanups of ZymoBIOMICS community standards. All
samples were from a single library construction event.
Expected BCD = 0.05 or less.

Size Selection Effects on GC Bias in Tagmentation-Based LC
Across SPRI conditions, we observed a bias favoring genomic regions of higher % GC. Nextera XT has previously been
shown to exhibit a sequencing bias in genomes or genomic regions with extreme GC content (Sato et. al, 2019).
Preferential insertion of transposase in low GC regions would create a higher concentration of low-GC DNA at smaller
fragment sizes. These fragments are then selected against in our more stringent SPRIs, which exaggerates the bias,
particularly in the double SPRI cleanup conditions (Figure 4). Despite bias, we were able to confidently assemble >99%
of 7/8 bacterial isolate genomes ranging from 32-69% GC. Only 90.5% of P. falciparum (19% GC) was confidently
assembled (Table 2).
Table 2. Percent of bases that received less than 5x
coverage at 50x average sequencing depth for isolate
species19-69% GC.

Figure 4. Normalized sequencing coverage of in-house metagenomic
community control plotted for 100 bp windows of % GC content, comparing
0.6x + 0.6x SPRI (blue), 0.7x + 0.7x SPRI (red), and single 0.7x SPRI (yellow)
size selection methods. Each line represents the average of four samples.

Non-Tagmentation Method For Comparison
To better understand how Nextera tagmentation affects GC bias, we tested our metagenomic controls and a panel of
isolates with a range of 19-69% GC using the NEBNext Ultra II FS LC process and a 0.7x + 0.7x SPRI. This process uses
a non-tagmentation-based enzymatic fragmentation. Results showed notable reduction in GC bias across isolate species,
especially in P. falciparum (Figure 5).

Figure 2. Observed taxonomic profiles of ZymoBIOMICS community control (3266% GC) across 0.6x + 0.6x, 0.7x + 0.7x, and 0.7x SPRI selection conditions.
Four samples of each condition are compared against the expected profile.

Tagmentation vs Non-Tagmentation
Results

Library Size Selection and Effects on Community Composition (cont’d)

However, in a more diverse metagenomic population, such as the ZymoBIOMICS community, NEBNext Ultra II FS’s
effect on GC bias was less impactful. NEBNext Ultra II FS greatly increased representation of <30% GC regions, but
showed reduced coverage of 50-60% GC regions (Figure 6). These data suggest that a non-tagmentation-based method
does not offer a strict improvement of data quality for all sample types, but provides increased coverage for genome
assembly of low GC species.

Figure 6. Normalized sequencing coverage plotted for 100 bp windows of %
GC content, comparing Nextera XT (blue) and NEBNext Ultra II FS (red)
library construction of ZymoBIOMICS community standard samples with a
0.7x +0.7x SPRI selection. Each line represents the average of four samples.

Conclusions
Choice of LC method and size selection stringency should be
carefully considered upon initiation and interpretation of microbial
whole genome sequencing studies, especially when comparing
data from different sources.
• While more stringent selection methods can reduce
sequencing overlap and increase yield, these methods can
exaggerate GC bias inherent in tagmentation-based LC
• Non-tagmentation-based LC methods can drastically reduce
GC bias in isolate species, but results are less impactful in
metagenomic studies.
We have developed two protocols to support the maximum array
of sample types:
• Nextera XT with a 0.7x + 0.7x SPRI selection for highthroughput species and community profiling despite
tagmentation-based GC bias
• NEBNext UltraII FS to provide highest quality data for low
%GC isolate species without increased sequencing
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