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guttifer) is a chimera with DNA from Red-necked Stint (Calidris ruficollis) (Aves:
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ABSTRACT

A recently published complete mitochondrial genome of Spotted Greenshank (Tringa guttifer) was the
first DNA sequence of this species (GenBank accession number MK905885, RefSeq number NC_044665;
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Liu et al. 2019, The complete mitochondrial genome of the Spotted Greenshank Tringa guttifer

(Charadriiforemes [sic]: Charadriidae), Mitochondrial DNA Part B. 4:2353-2354). Here we show that this
mitogenome is actually a chimera containing DNA fragments of both a Tringa sandpiper (presumably
T. guttifer) and the Red-necked Stint (Calidris ruficollis). This mitogenome has been re-used in at least
three phylogenies. The error is documented to avoid the perpetuation of erroneous sequence informa-

tion in the literature.

Introduction

Spotted Greenshank Tringa guttifer (Nordmann, 1835) is an
endangered shorebird (Charadriiformes) breeding in north-
eastern Asia and wintering in southeast Asia. The first pub-
lished DNA sequence of this species was a complete
mitochondrial genome (hereafter mitogenome) published by
Liu et al. (2019). This sequence was derived from a sample
taken from an individual captured along the eastern coast of
Jiangsu province, China (GenBank accession number
MK905885, RefSeq number NC_044665). Liu et al. (2019)
included a phylogram based on complete mitogenomes
which placed the T. guttifer sequence among other members
of the genus Tringa. Using a strategy described by Norén and
Kullander (2018), we show that accession MK905885 is actu-
ally a chimera containing DNA of two species of shorebirds.

Materials and methods

We verified the identity of MK905885 by performing separate
phylogenetic analyses of each of the two ribosomal RNA
markers and the 12 protein-coding genes and comparing the
position of each species in the gene trees: 125 ribosomal RNA
(125 rRNA, 972 bp), 16S ribosomal RNA (16S rRNA, 1582 bp),
NADH dehydrogenase subunit 1 (ND1, 971 bp), NADH dehydro-
genase subunit 2 (ND2, 1041 bp), cytochrome oxidase subunit |
(COI, 1551 bp), cytochrome oxidase subunit Il (COIll, 684 bp),
Adenosine Tri-Phosphate 8 and 6 (ATP8-6, 844bp), cyto-
chrome oxidase subunit Ill (COIll, 784 bp), NADH dehydrogenase
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subunit 3 (ND3, 349 bp), NADH dehydrogenase subunit 4 (ND4,
1668 bp), NADH dehydrogenase subunit 5 (ND5, 1815 bp), cyto-
chrome b (cyt b, 1143 bp) and NADH dehydrogenase subunit 6
(ND6, 525 bp). We included all species of Tringa and Calidris
for which mitogenomes were available at the time of writing,
plus relevant outgroups, based on a previous study of the
relationships of shorebirds (Gibson and Baker 2012). We
excluded a problematic sequence of T. totanus (MK922124/
NC_044648) (see Sangster and Luksenburg 2021a). The
MITOS2 web server (Bernt et al. 2013) was used to obtain
information on the first and last positions of individual genes.
CLUSTALW (as implemented in MEGA7, Kumar et al. 2016)
was used to align sequences.

When we noticed that one of these data sets showed a
different, but strongly supported, position of T. guttifer than
the other data sets we visually compared the T. guttifer
sequence with those of other shorebirds and determined the
first and last positions of the anomalous fragment (Sangster
and Luksenburg 2021a). We constructed separate phyloge-
nies of (i) the anomalous fragment (953 bp) and (ii) the rest
of the mitogenome. The latter phylogeny was constructed
with the data set trimmed by GBLOCKS (Castresana 2000).
GBLOCKS eliminates poorly aligned positions and divergent
regions, which may not be homologous or may have been
saturated by multiple substitutions (Castresana 2000). This
resulted in an alignment of 14,346 bp. Maximum Likelihood
phylogenies were obtained using MEGA7. The appropriate
substitution model for each data set was selected using the
Akaike Information Criterion. The selected models were
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GTR+G and GTR+ G+, respectively. Sequence divergence
was calculated as uncorrected p-values with complete dele-
tion of nucleotide positions with missing data.

Results

Initial analysis, based on gene trees of each mitochondrial
gene, showed that in the 12s rRNA gene tree, T. guttifer clus-
tered with Red-necked Stint Calidris ruficollis, with strong sup-
port, whereas the other gene trees placed T. guttifer among
members of the genus Tringa. Direct (visual) comparison of
the mitogenome sequences showed that the anomalous part
consisted of a single 953 bp fragment, located at positions
150-1102. This represented 5.7% of the total length of the
published mitogenome of T. guttifer (16,835 bp, not 16,935 bp
as stated in Liu et al. 2019). A Maximum Likelihood (ML) phyl-
ogeny of this portion of the mitogenome is shown in
Figure 1a, which shows a sister-relationship of the mitoge-
nomes of T. guttifer and C. ruficollis with 96% bootstrap sup-
port. Sequence divergence between this portion of the
mitogenomes of T. guttifer and C. ruficollis was minimal
(0.5%). In contrast, sequence divergence between this portion
of the mitogenomes of T. guttifer and the other species of
Tringa included in this study ranged from 7.2% to 9.0%.
Sequence divergence between this portion of the mitoge-
nomes of species of Tringa ranged from 3.1% to 8.7%. A ML
phylogeny of the other part of the mitogenome is shown in
Figure 1b, which placed T. guttifer as the sister of T. semipal-
mata with 100% bootstrap support.

Discussion

Our results show that different parts of the published mito-
genome of T. guttifer cluster with different species, each with
strong bootstrap support. One of the fragments was sister
to that of C ruficollis, a smaller species of shorebird.
Phylogenetic studies have shown that C. ruficollis is the sister
species of C. pygmaea, and that all other species of Calidris
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are more distantly related from these two species (Gibson
and Baker 2012; Cerny and Natale 2022). Our study did not
include all species of Calidris but because we included both
C. ruficollis and C. pygmaea, and the 953 bp fragment, located
at positions 150-1102, of the published mitogenome of
T. guttifer clustered with C. ruficollis with strong support, we
are confident that this fragment is correctly identified as
belonging to the latter species. Because no previously pub-
lished mitochondrial sequences were available of T. guttifer,
assessing the identity of the other part of the mitogenome
was not possible but it may well have been of T. guttifer.

The mitogenome of T. guttifer was obtained with Sanger
sequencing. The chimera likely occured in the laboratory
resulting from the transfer of a sample of C. ruficollis to a
tube intended for T. guttifer before PCR amplification or
before DNA sequencing. Indeed, a mitogenome of C. ruficollis
was sequenced by members of the same team and was pub-
lished in the same year as that of T. guttifer (Chen et al.
2019). Detecting such errors is possible if each fragment is
separately analyzed phylogenetically before assembling the
fragments into a single mitogenome.

Sangster and Luksenburg (2021a) used three markers com-
monly-used in ornithology (ND2, COI, cyt b) to verify the iden-
tity of 1559 mitogenomes of birds. They found 78
problematic mitogenomes, including 23 chimeras, but noted
that this must represent an underestimate of the true preva-
lence of problematic mitogenomes because the three
markers only represent a small portion of the mitogenome.
The present study adds another chimera to this set and
shows that using other markers indeed reveals additional
problematic sequences.

As noted previously, reporting problematic mitogenomes
is necessary because accumulation of erroneous sequences
may compromise subsequent applications, including DNA
identification, primer design for intraspecific studies, phylo-
genetic inference, historical biogeography, taxonomy and
comparative analysis (Sangster and Luksenburg 2021b).
Indeed, we found three re-uses of the mitogenome (Guo
et al. 2021; Yang et al. 2021; Cern)’/ and Natale 2022). In each
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Figure 1. ML phylogenies of shorebirds (Charadriiformes) based on (a) positions 150-1102 (953 bp) of the mitogenome, (b) mitogenomes excluding positions 150-
1102 and trimmed with GBLOCKS (14,346 bp). Numbers along branches represent bootstrap support values (>70%) based on 1000 pseudoreplications. Note the dif-

ferent position of T. guttifer in the two gene trees.



case, the mitogenome (or parts thereof) was included in a
phylogeny.

Our study underscores that chimeras are easily overlooked
without dedicated analysis. We suspect that the few cases of
chimerism reported so far in vertebrate mitogenomics (e.g.
Norén and Kullander 2018; Sangster and Luksenburg 2020,
2021a, 2021c¢) do not reflect the true prevalence of this prob-
lem. Clearly, greater vigilance is necessary during laboratory
procedures, quality control of raw data and peer review of
the final sequences.
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