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Abstract
Species-level iden/ﬁca/on in metabarcoding depends heavily on the choice of marker and primer pair, oPen with a trade-oﬀ between successful species
ampliﬁca/on and taxonomic resolu/on. Thus, we present a versa/le metabarcoding protocol for biomonitoring that involves the use of two barcode markers
and mul/ple primer pairs per barcode in a single high-throughput run via sample mul/plexing. With the use of all three COI primer pairs, we detected
61.5-82.8% of species across mock communi/es, while the use of the 18S primer pair resulted in the detec/on of 72.4-75.0% of species. The species detec/on
level was signiﬁcantly improved to 88.5-93.1% when both markers were used together. Furthermore, mul/plexing did not have a nega/ve impact on the
propor/on of reads assigned to each species. Overall, our metabarcoding approach u/lizing two barcode markers and mul/ple primer pairs per barcode
improved species detec/on rates over a single marker/primer pair by 13.5% to 34.7%, making it an aErac/ve, cost eﬀec/ve method for biomonitoring natural
zooplankton communi/es.

• Primer tes/ng: 13 COI primer pairs (COI-5P region) and one 18S
primer pair (V4 region) tested on 104 species
• 3 COI primer pairs and one 18S primer pair for metabarcoding
mock communi/es
• Assemblage of mock communi/es: total of 76 zooplankton
species with various levels of gene/c varia/on across 24 diﬀerent
mock communi/es
• Next-Genera/on Sequencing: Illumina MiSeq 2x300bp plaiorm
• Evalua/on: Read depth and/or species detec/on

The combina/on of 3 COI primer pairs and both COI and 18S markers
increased the species recovery.
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Fig. 3 Cumula/ve species recovery percentages aPer including
diﬀerent fragments in two mock communi/es that are made up of
either a single individual per species or mul/ple individuals per
species.
Fig. 1 The ampliﬁed fragments used for metabarcoding (FC: the 5’
end of COI-5P gene; Leray: the 3’ end of COI-5P gene; Folmer: whole
COI-5P gene; 18S: V4 region). The primers are not included in the
fragment lengths, and the gray lines refer to the forward and reverse
reads from the paired-end 300bp Illumina MiSeq next-genera/on
sequencing. *The 18S fragment sizes vary between species, resul/ng
in some forward and reverse reads that do not overlap.

Results
The read depths diﬀer by the lengths of amplicons and the species
composi/on across mock communi/es.
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Fig.2 Read depths (%) of ﬁltered reads of the 4 fragments. The
libraries are presented as follows: 1a-1g: Single Individuals per
Species (SIS); 2a-2g: Mul/ple Individuals per Species (MIS); 3a1-3d3:
Popula/ons of Single Species (PSS). Note the low abundant reads of
18S fragments in libraries 3d1-3d3.
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Discussion
Mul/ple primer pairs:
• The mitochondrial COI marker technically challenging for
ampliﬁca/on of broad taxonomic groups due to the lack
of conserved priming sites (Deagle et al. 2014)
• Mul/ple primer pairs per marker suggested and shown to
improve ampliﬁca/on success (Clarke et al. 2014)
• Using 3 COI primer pairs covering diﬀerent regions of the
COI-5P gene improved species detec/on rates by
3.3-16.7%.
Marker choice:
• Choice of marker greatly aﬀects species es/mates in the
metabarcoding studies (Bucklin et al. 2016)
• COI marker es/mated more species than morphospecies,
whereas 18S marker underes/mated species richness
(Tang et al. 2012)
• Diﬃculty in amplifying COI gene (Young et al. 2016)
• Problems in assigning reads to species (Brown et al. 2015)
• Combining 18S and COI markers improved by 11.3-30.2%

Conclusion
Our results suggest that a mul/plexed metabarcoding
approach that uses mul/ple markers and primer pairs can
overcome ampliﬁca/on biases, improve taxonomic
resolu/on across groups of zooplankton, and ul/mately
achieve more accurate biodiversity es/mates. The
calibrated approach proposed in this study of mock
communi/es is cost eﬀec/ve, and useful for
biomonitoring zooplankton in natural communi/es.
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