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Targeted Capture for Species Identification: The Next Next-Generation Approach for
Environmental DNA

Overview

Accurate identification of species from environmental DNA (eDNA) is central to applications
ranging from biodiversity monitoring to diet analysis to pathogen detection. Although existing
methods—shotgun sequencing, qPCR, and metabarcoding—have enabled major advances in
species detection, each technique is constrained by fundamental limitations. Targeted capture
utilizes RNA baits to hybridize with target sequences, offering a powerful alternative that
combines sensitivity, taxonomic resolution, and quantitative robustness.

Limitations of Existing Approaches
Shotgun Sequencing

e Sequences all DNA, but inefficient for rare targets
e High cost per informative read
e Limited sensitivity without extremely deep sequencing

qPCR

e Low multiplexing capacity
e Poor scalability for community-level analyses
e Can suffer from false positives due to non-specific amplification or probe cross-reactivity

Metabarcoding

Primer mismatch can lead to taxonomic dropout

Requires intact primer binding sites (both ends), reducing detection of degraded DNA
Often limited to short amplicons for environmental DNA, reducing taxonomic resolution
Often requires multiple reactions to cover broad taxonomic groups

Host/background DNA can overwhelm signal (e.g., diet studies)

What is Targeted Capture?

Targeted capture is a hybridization-based enrichment method that selectively isolates DNA
sequences of interest from complex mixtures. Short, biotinylated RNA probes (“baits”) are
designed to be complementary to target sequences. When these baits are mixed with
sequencing libraries, they hybridize to complementary DNA fragments, forming bait—target
complexes. These complexes are then recovered using streptavidin-coated magnetic beads,
which bind the biotin on the baits. Non-target DNA is washed away, and the enriched target
DNA is subsequently amplified and sequenced. Because hybridization can occur across
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multiple regions within a locus and does not require intact primer binding sites, targeted capture

is particularly effective for
fragmented and
low-abundance DNA.

Background on Targeted
Capture

Targeted capture has been
widely used in genomics for
over a decade, particularly in
ancient DNA and evolutionary
biology. Hybridization-based
enrichment has enabled
recovery of specific
sequences from highly
degraded samples, including
ancient specimens and
sediments. For example,
targeted capture has been
used to detect the presence
of archaic humans and extinct
mammals from cave
sediments, revealing the
presence of individuals long
after physical remains have
disappeared. A prominent
approach in evolutionary
studies is the use of
ultraconserved elements
(UCEs), where bait panels
target conserved genomic
regions flanked by variable
sequences to resolve
phylogenetic relationships
across broad taxonomic

scales. Despite their utility in other disciplines,
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Captured targets are PCR
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enriched libraries.
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Key Advantages

High Sensitivity Without PCR Bias
Targeted capture enriches rare sequences by orders of magnitude while avoiding amplification
bias inherent to PCR.

Greater Sensitivity Than Metabarcoding in Degraded Samples

Hybridization can occur across many tiled regions within a locus, increasing detection
probability per molecule. Unlike PCR, capture does not require both primer binding sites to be
present.

Maintains Relative Abundance
Because enrichment occurs post-library prep, relative abundance among targets is preserved,
enabling more faithful representation of community composition.

Supports Absolute Quantification

When combined with synthetic spike-in

standards, targeted capture enables -
estimation of absolute target abundance. 1500 = Lowcomonca covrags
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Full-Length Barcode Recovery from
Fragmented DNA

Targeted capture does not require long
eDNA fragments; overlapping captured
reads can be assembled into full-length
genes (e.g., COI, 128, rbcl), improving
taxonomic resolution beyond short
amplicons. When longer DNA fragments
are present, capture can recover and
sequence those directly, further
improving assembly continuity and 0 200 400 600 800 1000 1200 1400
resolution. Contig position (bp)

Coverage depth

Broad and Flexible Targeting
Bait panels can target hundreds to thousands of loci across diverse taxa in a single assay. Baits
can also be arrayed for full mitogenome reconstruction.

Comparable or Improved Limit of Detection
Efficient enrichment and multi-site hybridization enable sensitivity comparable to—or
exceeding—metabarcoding without PCR constraints.
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Key Applications

e Diet Analysis
Resolves prey species even under extreme host DNA swamping
e Biodiversity Monitoring
Comprehensive detection of vertebrates, invertebrates, plants, and microbes
e Aquatic Bioassessment
Multi-taxa panels for ecological condition assessment
e Pathogen and Source Tracking
Simultaneous detection of microbial indicators and hosts
e Airborne eDNA (AirDNA)
Detection of diverse terrestrial taxa from air samples

Conclusion

Targeted capture leverages the breadth of shotgun sequencing, the sensitivity of PCR, and the
resolution of assembly-based approaches. By enabling recovery of full-length barcodes from
fragmented DNA—while also leveraging longer fragments when available—it provides a
scalable, quantitative, and high-resolution framework for next-generation eDNA analysis.
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