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Whole Genome Sequencing (WGS) is a transformative technology
in genomics, providing an unbiased, high-resolution view of the
complete DNA sequence of an organism. Among the various
formats of WGS, short-insert library preparation paired with 150×2
paired-end sequencing chemistry has become a gold standard in
both research and clinical genomics. This method strikes an
effective balance between throughput, accuracy, and cost-
efficiency, enabling broad adoption across a wide range of
biological investigations.

What is Short-Insert WGS?

The Short-insert WGS refers to the sequencing of DNA fragments
that are typically around 250–300 base pairs (bp) in length, not
including adapter sequences. When these libraries are sequenced
using paired-end 150 bp reads, both ends of each DNA fragment are
sequenced, resulting in 150×2 read pairs. This paired-end strategy
significantly improves the ability to accurately map reads to a
reference genome, resolve repetitive regions, and detect small-scale
genomic variations such as single nucleotide polymorphisms (SNPs)
and short insertions or deletions (indels).



Enzymatic Fragmentation: A Controlled Approach

Traditionally, mechanical methods like ultrasonication (e.g., Covaris)
have been used to fragment DNA. However, enzymatic
fragmentation is increasingly favored for its convenience,
reproducibility, and compatibility with automation.

Enzymatic methods utilize specialized DNA fragmentase enzymes
that cleave genomic DNA at random locations under controlled
reaction conditions. This approach eliminates the need for expensive
instrumentation, reduces sample handling, and is gentler on the
DNA, an advantage when working with limited or sensitive samples.

The degree of fragmentation can be fine-tuned by adjusting enzyme
concentration, reaction time, and temperature, allowing the
generation of libraries with a precise insert size distribution.

Importantly, enzymatic fragmentation can be integrated into
streamlined library preparation workflows, including single-tube
protocols, which minimize DNA loss and contamination risk.



Library Preparation Workflow

Once DNA is fragmented enzymatically, it undergoes end-repair and
A-tailing to prepare the blunt or overhanging ends for ligation. This
step ensures that all fragments have a compatible 3′ adenine
overhang, which is essential for ligation to T-tailed sequencing
adapters.

Next, adapter ligation is performed, attaching platform-specific
adapters (e.g., for Illumina systems) to both ends of each DNA
fragment. These adapters contain necessary elements for
hybridization to the flow cell, sequencing priming sites, and often
sample-specific barcodes (indexes) that allow for multiplexing. The
ligation reaction is followed by a bead-based purification step (using
AMPure XP or equivalent) to remove free adapters and very short
DNA fragments.

To generate sufficient material for sequencing, the adapter-ligated
library is subjected to limited-cycle PCR enrichment. The number of
cycles is minimized (typically 5–7) to avoid introducing bias or over-
amplification artifacts.

The PCR enrichment reaction is followed by a bead-based
purification step (using AMPure XP or equivalent) to remove any PCR
artifacts. The PCR enriched library can now be taken up for Library
QC.



Library Preparation Workflow



Library preparation is a critical foundation for the success of any
NGS-based experiment, particularly WGS, directly influencing data
quality, coverage uniformity, and variant detection accuracy. As the
bridge between raw genomic DNA and high-throughput
sequencing, this step determines how truly the genome is
represented in the final data. Precision in fragmentation, adapter
ligation, and amplification ensures that the complexity and
integrity of the genome are preserved. Without a well-optimized
and quality-controlled library, even the most advanced sequencing
platforms cannot deliver meaningful or interpretable results.

Quality Control and Library Assessment

A critical aspect of short-insert WGS library preparation is thorough
quality control (QC). Libraries are quantified using fluorometric
assays such as Qubit dsDNA HS, which specifically measures double-
stranded DNA. Size distribution and integrity are evaluated using
capillary electrophoresis platforms like Agilent TapeStation or
Bioanalyzer. A successful short-insert WGS library will typically show
a tight size distribution centered around 400–450 bp, accounting for
both insert and adapter sequences.

Libraries must meet both concentration and size criteria to proceed
to sequencing. Undersized or low-concentration libraries may lead to
inefficient cluster formation or low data yield. In some workflows,
additional normalization or bead-based size selection may be
performed to optimize performance.
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