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Introduction

Sequencing By Expansion (SBX) is a high-throughput, flexible, and rapid-turnaround sequencing
technology.! While SBX duplex sequencing (SBX-D) offers high accuracy for detecting small germline
variants such as SNVs and INDELSs, its ability to resolve larger genomic features—such as structural
variants (SVs), tandem repeats (TRs), and long-range haplotypes—is limited. Here, we present SBX
Simplex Longer sequencing (SBX-SL), an extension of the SBX platform that significantly enhances the
detection of SVs and improves haplotype phasing in whole-genome sequencing (WGS) workflows. SBX
data were processed through SBX-optimized open source (XOOS) variant callers.

Introduction to SBX-SL

SBX Simplex Longer (SBX-SL) is a library prep and sequencing protocol that is able to achieve longer
read lengths than the standard SBX duplex (SBX-D) workflow. Itincludes adapter ligation, linear
amplification, Xpandomer synthesis, and sequencing
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The extended read length offered by SBX-SL sequencing provides a range of advantages for genomic
discovery, particularly in regions where traditional short-read sequencing is limited. SBX-SL can
improve the detection of structural variants and enables more accurate long-range phasing of variants
on the same haplotype. To demonstrate these capabilities, we benchmarked SBX-SL using
well-characterized cell lines, including somatic tumor/normal pairs such as HCC1395 and H2009. As
shown in Fig. 2, longer reads shows more evidence for expected SVs in DNA and RNA sequencing.
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Figure 2. (left) break down of SV detection performance of SBX SL DNA on 2 well-characterized cancer cell lines.>* (right)
performance of SBX-SLR in measurements of SV expression from RNAseq (HCC1395).*
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Variable Number Tandem Repeats (VNTRs) are short DNA sequences repeated a variable number of
times in tandem at specific genomic locations. Their high variability between individuals makes them
valuable for genetic studies, including disease association, forensics, and population genetics.
However, due to their repetitive nature, short-read sequencing struggles to accurately genotype
VNTRs in whole-genome sequencing (WGS) data. In contrast, the longer read lengths of SBX-SL
sequencing can effectively span most VNTR regions, enabling accurate detection of VNTR expansions
in the human genome.>’ Benchmarking on the HG002 reference cell line shows that SBX-SL provides
better performance compared to SBX-D in detecting these events—particularly those larger than 100
base pairs (Fig. 3).
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Figure 3. Accurate detection of VNTR variants requires long reads that can span VNTR sequence. SBX-SL can improve VNTR
genotyping compared to SBX-D.

Variant phasing is the process of determining which genetic variants are inherited together on the
same chromosome (haplotype). Long-read sequencing helps with phasing by spanning multiple
variants within a single read, allowing accurate reconstruction of haplotypes over longer genomic
distances. Benchmarking on HG002, SBX-SL is able to show better performance compared to short
read sequencing specially in variants further apart than 500 bp (Fig. 4). Moreover, long range phasing
can also improve detection of compound heterozygous variants.

Figure 4. Schematic illustrating haplotype phasing
using nearby heterozygous variants. The longer read
lengths of SBX-SL enable robust phasing across
sequencingerror  greater genomic distances, resulting in longer

i 7Y contiguous haplotype blocks. Benchmarking on the
: HGOO02 reference genome shows that SBX-SL
achieves higher phasing F1 scores, particularly for
variant pairs separated by more than 500 bp. The
bottom right panel highlights an example of a
pathogenic compound heterozygous variant that
was resolved only with SBX-SL, but not detected by

short read sequencing.
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Finally, SBX-SL is designed to enable multi-omics discovery by integrating longer sequencing from
both DNA and RNA. As illustrated in Fig. 5, allele-specific RNA expression can be resolved through
phasing of SBX-SL RNA reads. SBX-SLR accurately detected exonic variants seen in SBX-SLD;
however, one allele is significantly over expressed.
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Figure 5. IGV snapshotillustrating multi-omics phasing using SBX-SL technology in the HG0O02 cell line. Reads were first
phased using SBX-SL DNA data. RNA reads were phased and accurately assigned to paternal and maternal alleles. While
SBX-SLR and SBX-SLD exonic variants show high concordance, SBX-SLR indicates strong allelic imbalance in expression of
the second allele.

Conclusion

In summary, SBX-SL showed improvement in the detection of large-scale germline and somatic
events—including structural variants, tandem repeats, and long-range phasing—from both DNA
and RNA sequencing. It serves as a powerful complement to SBX-D across whole-genome
sequencing (WGS) applications. Combined, SBX-SL and SBX-D can leverage SBX-D accuracy and
SBX-SL longer reads to enable broader genomics applications.
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