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GenBank’s reliability is uncertain for biodiversity
researchers seeking species-level assignment
for eDNA
Nicolas S. Locatellia,1, Peter B. McIntyrea, Nina O. Therkildsena, and Diana S. Baetschera,b

Leray et al. (1) reassuringly conclude that “GenBank is
a reliable resource for 21st century biodiversity re-
search” based on an important quantitative assess-
ment of its taxonomic accuracy. However, their
insightful analysis focuses only on taxonomic levels
above species. GenBank (2) is the key reference data-
base for the growing fields of eDNA and metabarcod-
ing, in which studies frequently report species-level
sequence identities (e.g., refs. 3–5). Thus, the reliabil-
ity of GenBank for species identification should be
evaluated before drawing sweeping conclusions
about its robustness for biodiversity research.

To assess possible sources of error for species
assignment, we created an example dataset com-
prising all mitochondrial COI sequences available
on GenBank for 25 marine species in California’s
commercial fisheries and 18 common mid-Atlantic
fishery species. Applying filtering criteria used by
Leray et al. (1), we restricted sequence length to
100 to 2,000 base pairs and then performed all pair-
wise comparisons among all sequences for each
species using BLASTn (6), excluding duplicates
and self-comparisons. We build upon Leray et al.’s
(1) analysis by illustrating three categories of in-
traspecific variation that highlight biological and
database constraints for species-level taxonomic as-
signment.

Straightforward species assignment typically oc-
curs when within-species comparisons of sequence
similarity form a unimodal distribution (Fig. 1A). How-
ever, we found unimodal distributions in only 17 of
these 43 species. Multimodal distributions (Fig. 1 B
and C) were more common, presenting substantial
inferential challenges.

Multimodal distributions of sequence similarity can
indicate a variety of processes that could hinder spe-
cies assignments. Our dataset includes one example
(Fig. 1B) where documented hybridization between
congeners leads to shared mitochondrial DNA haplo-
types (7) that prevent species assignment without

insights from nuclear DNA. Multimodal distributions
can also arise from misidentification of congeners
(Fig. 1C), whereby identical or highly similar refer-
ence sequences are attributed to two closely related
species in GenBank.

Large gaps between modes (Fig. 1D) may be
driven by misattributions at the genus level or above.
This scenario arose twice in our exploration: Se-
quences with low similarity were attributed to the
same species, but querying them against the full Gen-
Bank database revealed comparably strong matches
to multiple disparate taxa. Barring errors, this result
would indicate low differentiation at a locus. Such se-
quences are included in the error rates Leray et al.
report and could be avoided if researchers performed
a BLAST search on sequences prior to submission, as
previously noted (1).

Depending on the taxon, it may be infeasible to
obtain robust species-level identification from barcod-
ing genes. Many studies instead report genus- or
higher-level assignments (8, 9), the reliability of which
Leray et al. (1) have rigorously demonstrated. Regard-
less of taxonomic scale, GenBank’s reliability depends
upon researchers verifying their contributions, adding
“environmental” tags for eDNA and metabarcoding
data, and using alternative repositories (i.e., Sequence
Read Archive) when taxonomic identity cannot be ver-
ified directly (e.g., gut contents) (10). GenBank is an
unmatched resource, yet biodiversity researchers using
eDNA and metabarcoding must be cognizant of how
both biological processes and human errors can com-
plicate inferences of species identity.

Data Availability. The data and code used to produce
Fig. 1 have been deposited on GitHub and are available
at https://github.com/mistergroot/genbankspecieslevel/.
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Fig. 1. Distributions of sequence similarity in intraspecific pairwise comparisons of GenBank mitochondrial COI sequence data for four marine
species representing three categories of species-level data. The distribution of Engraulis mordax (A) is unimodal, whereas the distribution of
Brevoortia tyrannus (B) is multimodal, likely reflecting hybridization with two congeners (Brevoortia patronus and Brevoortia smithi). For the
multimodal distribution of Sebastes miniatus (C), additional modes are likely driven by either misidentification or hybridization including a few
individual sequences that identically match two sympatric congeners. Large gaps between modes (≥15%) (D) strongly suggest database errors at
higher taxonomic levels that could negatively affect accurate taxonomic identification for incorrectly labeled taxa. In Clupea pallasii (Clupeidae),
the two sequences driving the outlier peaks match Agonopsis vulsa (Agonidae) and Limanda punctatissima (Pleuronectidae) at high percent
identity (100% and 92.98%, respectively).
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