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ABSTRACT

A complete mitochondrial genome of Great Knot (Calidris tenuirostris), MK992912, was published by He
and colleagues in 2020. Here we show that this mitogenome is actually a chimera containing DNA
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fragments of both C. tenuirostris (15,567 bp, 92.8%) and Pacific Golden Plover (Pluvialis fulva, 1208 bp,

7.2%). Detecting such errors is possible before publication if each sequenced fragment is separately
analyzed phylogenetically before assembling the fragments into a single mitogenome. This mitoge-
nome has been re-used in at least four phylogenies. The error is documented to avoid the perpetu-

ation of erroneous sequence information in the literature.

Introduction

Great Knot Calidris tenuirostris (Horsfield, 1821) is an endan-
gered shorebird (Charadriiformes) breeding in the tundra of
northeastern Asia and wintering on coasts in southern Asia
south to Australia. The first published mitochondrial genome
sequence (hereafter mitogenome) of this species was pub-
lished by He et al. (2020). This sequence was derived from a
feather and blood sample taken from an individual caught in
Rudong, Jiangsu Province, China (GenBank accession number
MK992912). He et al. (2020) included a phylogram based on
complete mitogenomes which placed the C. tenuirostris
sequence sister to a sequence of Spoon-billed Sandpiper
Eurynorhynchus pygmeus. Using a strategy described by
Norén and Kullander (2018), we show that accession
MK992912 is actually a chimera containing DNA of two spe-
cies of shorebirds.

Materials and methods

We verified the identity of MK992912 by performing separate
phylogenetic analyses of each of the two ribosomal RNA
markers and the 13 protein-coding genes and comparing the
position of each species in the gene trees: 12S ribosomal
RNA (72S, 971 bp), 16S ribosomal RNA (76S, 1597 bp), NADH
dehydrogenase subunit 1 (ND1, 969 bp), NADH dehydrogen-
ase subunit 2 (ND2, 1041 bp), cytochrome oxidase subunit 1
(CO1, 1533 bp), cytochrome oxidase subunit 2 (CO2, 675 bp),
ATP synthase subunit 8 and 6 (ATP8-6, 839 bp), cytochrome
oxidase subunit 3 (CO3, 783bp), NADH dehydrogenase
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subunit 3 (ND3, 349 bp), NADH dehydrogenase subunit 4 and
41 (ND4, 1658 bp), NADH dehydrogenase subunit 5 (ND5,
1803 bp), cytochrome b (CYB, 1143 bp), and NADH dehydro-
genase subunit 6 (ND6, 516 bp). The MITOS web server (Bernt
et al. 2013) was used to obtain information on the first and
last positions of individual genes. MUSCLE (as implemented
in MEGA7, Kumar et al. 2016) was used to align sequences.

When we noticed that one of these data sets (ND6)
showed a different, but strongly supported, position of C.
tenuirostris than the other data sets, we visually compared
the C. tenuirostris sequence with those of two other C. tenuir-
ostris sequences (MK341548, Kim et al. 2020; MW160419,
Chen et al. 2022) and determined the first and last positions
of the anomalous fragment (Sangster and Luksenburg
2021b). We constructed separate phylogenies of (i) the anom-
alous fragment (1208 bp) and (ii) the rest of the mitogenome.
Maximum Likelihood phylogenies were obtained using 1Q-
tree version 2.2.2.6 (Minh et al. 2020). We partitioned the
data sets in multiple categories: ribosomal RNA, transfer RNA,
protein-coding genes (each partitioned by codon), and con-
trol region. The appropriate substitution model for each par-
tition (or appropriate combinations of partitions) in the two
data sets was selected using ModelFinder (Kalyaanamoorthy
et al. 2017). Branch support was obtained using ultra-fast
bootstrapping (Hoang et al. 2018). Sequence divergence was
calculated as uncorrected p-values with complete deletion of
nucleotide positions with missing data.

The data set included the following sequences: Alca torda
CMO018102 (unpublished), Arenaria interpres AY074885 (Paton
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et al. 2002), Calidris alba MW168384 (Chen et al. 2022),
Calidris alpina MW168383 (Chen et al. 2022), Calidris canutus
MT183697(Gherardi-Fuentes et al. 2020), Calidris pugnax
MN956840 (Chen et al. 2020), Calidris pygmeus KY434065
(Joen et al. 2017), Calidris ruficollis MG736926 (Chen et al.
2019), Calidris subminuta MW168385 (Chen et al. 2022), C.
tenuirostris MK341548 (Kim et al. 2020c), C. tenuirostris
MK992912 (He et al. 2020), C. tenuirostris MW160419 (Chen
et al. 2022), Charadrius alexandrinus MF565382 (Chen et al.
2018), Chroicocephalus brunnicephalus JX155863 (Yang et al.
2012), Grus grus FJ769849 (Krajewski et al. 2010), Pluvialis
apricaria MN122928 (unpublished), Pluvialis fulva KX639757
(Ding et al. 2016), Pluvialis squatarola MT561267 (Ding et al.
2020), Scolopax rusticola KM434134 (Yu et al. 2016), Tringa
erythropus KX230491 (Cheng et al. 2016), and Vanellus vanel-
lus KM577158 (Hu et al. 2016). We used Anas poecilorhyncha
KF156760 (Zhou et al. 2015) as outgroup.

Results

Initial analysis, based on gene trees of each mitochondrial
gene, showed that in the ND6 gene tree, MK992912 clustered
with Pacific Golden Plover P. fulva, with strong support,
whereas the other gene trees placed MK992912 with two
other sequences of C. tenuirostris. Direct (visual) comparison
of the mitogenome sequences showed that the anomalous
part consisted of a single 1208 bp fragment, located at posi-
tions 14,903-16,110. This represented 7.2% of the total
length of MK992912 (16,775bp) and included ND6. A
Maximum Likelihood (ML) phylogeny of this portion of the
mitogenome is shown in Figure 1(a), which shows a sister-
relationship of the mitogenomes MK992912 and P. fulva with
100% bootstrap support. Sequence divergence between this
portion of the mitogenomes MK992912 and P. fulva was
small (1.8%). A ML phylogeny of the other parts of the
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mitogenome is shown in Figure 1(b), which placed
MK992912 with two other sequences of C. tenuirostris with
100% bootstrap support.

Discussion

Our results show that different parts of MK992912 cluster
with different species, each with strong bootstrap support.
One of the fragments was clearly that of P. fulva, a similar-
sized species of shorebird, which is also found in eastern
Asia. A large portion of mitogenome MK992912 was nearly
identical to that of two other mitogenomes of C. tenuirostris.
MK992912 thus represents a chimera of C. tenuirostris and
P. fulva.

MK992912 was obtained with Sanger sequencing. The chi-
mera likely occurred in the laboratory resulting from the
transfer of a sample of P. fulva to a tube intended for C. ten-
uirostris before PCR amplification or before DNA sequencing.
Indeed, a mitogenome of P. fulva was sequenced by mem-
bers of the same team and was published several years previ-
ously (Ding et al. 2016). Detecting such errors is possible if
each fragment is separately analyzed phylogenetically before
assembling the fragments into a single mitogenome.

We report this problematic mitogenome because accumu-
lation of erroneous sequences may compromise subsequent
applications, including DNA identification, primer design for
intraspecific studies, phylogenetic inference, historical bio-
geography, taxonomy, and comparative analysis (Sangster
and Luksenburg 2021c¢). Indeed, we found four re-uses of the
mitogenome (Ding et al. 2020; Gherardi-Fuentes et al. 2020;
Guo et al. 2021; Yang et al. 2021). In all four cases, the mito-
genome was included in a phylogeny. Cerny and Natale
(2022) used several non-problematic fragments of MK992912
but removed the problematic ND6 fragment from their
analyses.

(b) bp 1-14,902 and bp 16,111-16,775
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Figure 1. ML phylogenies of shorebirds (Charadriiformes) based on (a) positions 14,903-16,110 (1208 bp) of the mitogenome, (b) mitogenomes excluding positions
14,903-16,110. Numbers along branches represent bootstrap support values (>>70%) based on 1000 pseudoreplications. Note the different position of C. tenuirostris

(MK992912) in the two gene trees.
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Our study, and that of Sangster and Luksenburg (2023),
underscore that chimeras are easily overlooked without dedi-
cated analysis of the entire mitogenomes. 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, 2021b, 2023) do not reflect the true
prevalence of this problem. Clearly, greater vigilance is neces-
sary during laboratory procedures, quality control of raw
data, and peer review of the final sequences.
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