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Quantitative metabarcoding through addition of
known quantities of unique DNA

Metabarcoding of aquatic environmental DNA (eDNA) has revolutionized biodiversity monitoring
by enabling the detection of multiple species from a single environmental sample. This
high-throughput sequencing approach provides valuable insights into species presence and
relative abundance, yet it falls short in quantifying absolute abundance. A key limitation is that
read counts do not directly correlate with the original concentration of eDNA in the environment.
A thousand reads for a single sequence could represent a small trace of DNA or a large quantity
of DNA as PCR and the metabarcoding workflow effectively standardizes DNA amounts at the
end of the workflow. Without a method to quantify target DNA in an extract, researchers face
challenges in estimating biomass, making meaningful comparisons across studies, and
optimizing sampling strategies.

Although quantitative PCR (qPCR) is a highly accurate method for quantifying eDNA copy
numbers, it is not a practical solution for large-scale community assessments. Running g°PCR
for every potential taxon in a sample would be prohibitively expensive, time-consuming, and
logistically unfeasible, especially in diverse aquatic ecosystems where hundreds of species may
be present. Additionally, it is not feasible to develop a single gPCR assay that can
simultaneously quantify all targets in a complex community, further limiting its scalability for
comprehensive biodiversity monitoring

At Jonah Ventures, to make metabarcoding quantitative, we “spike-in” a known number of
copies of synthetic DNA fragments to extracts prior to PCR, allowing for the calibration of
sequencing results and the transformation of qualitative data into quantitative insights. The key
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Fig. 1. Schematic of the workflow of using a spike-in for quantitative
metabarcoding.
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In our tests of the use of spike-ins we
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s different sequences. In one particular

study, we amplified extracts from a
series of herbivore fecal samples with a
plant metabarcoding primer set, either
with or without the spike-in added. On
average, there was a strong relationship
between the number of times a
sequence was read when the spike-in
was added and replicates where the
spike-in was not added. On average,
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there were fewer target reads for the
samples with spike-in, which would be
expected as some of the reads would be
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Fig. 2. Comparison of average numbers of reads for ESVs for dedicated to the spike-in as Opposed to
replicates with no spike-in added vs. replicates that had 250 copies of

spike-in added. Red line is 1:1. Green line is reduced major axis (i.e. the target. This reduction in sequencing

correlation line).

depth would potentially reduce the
sensitivity to detect rare sequences, but

this could be resolved by increasing sequencing depth for samples if the presence of the rarest
sequences was a concern. Additional tests with other primer sets and sample types resulted in
similar patterns where the relative abundance of ESVs were maintained when adding spike-ins.

Quantification of targets using spike-ins
and metabarcoding compared well to
quantification with gPCR. In another test
project, the abundance of a single
species in an extract and dilutions of the
extract was quantified with both
quantitative metabarcoding and qPCR.
Across almost an order of magnitude
variation in abundance through serial
dilution, quantitative metabarcoding with
spike-ins was able to quantify the
changes in DNA concentrations of the
target species as well as gPCR.

One limitation of adding the same
number of copies of a spike-in to all
extracts is that if too much spike-in is
added, it can mask the presence of rare
sequences. If too little is added,
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Fig. 3. Comparison of quantification of goldfish DNA for a dilution
series of extracted DNA. A real-time assay was used to quantify
goldfish DNA via gPCR as well as with a spike-in and metabarcoding
using a primer that amplifies fish DNA.
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stochastic amplification and swamping of the final read output by target DNA will make
quantification difficult. As such, we typically attempt to add a known number of copies of spike-in
that would represent approximately 5-10% of the final pool. For example, our spike-in for the
MiFish-U metabarcoding assay is 30 copies of an ostrich DNA sequence per PCR reaction.
Adding a relatively low number of copies of spike-in may make quantification at high abundance
difficult, but this can be rectified by rerunning samples with more spike-in added, if quantification
is still desired.
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