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Abstract

Identification of organism groups such as Oligochaetes to species level is difficult to achieve using morphological exami-
nation alone. This is especially true in species where sexual reproduction is rare, such as the subfamily Naidedae. Here,
variation in the barcoding marker COI of three genera of freshwater clitellates, Dero, Nais, and Pristina (Clitellata:
Naididae) was studied, using publicly available sequences together with newly generated ones, with the aim to test for
the presence of global barcode gaps. In total 17 sequences of Dero spp., 168 of Nais spp., and 22 sequences of Pristina
spp. were included in the analyses. The uncorrected pairwise distances in the Dero dataset ranges from 0.00 to 0.18, in
the Nais dataset they range from 0.00 to 0.21, and in the Pristina dataset they range from 0.00 to 0.36, with a large gap
between 0.21 and 0.35. No global barcoding gap was found in any of the datasets. In all three genera clusters including
more than one species and/or species found in more than one cluster were found, indicating taxonomical problems, such
as cryptic species and misidentified sequences.
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Introduction

There are many organism groups that are difficult to identify
to species level through morphologically examination, and
where incorrect identification are common. Oligochaetes
(Annelida: Clitellata) are one of such group especially
in their immature stage. Aquatic oligochaetes, including
the family Naididae, have traditionally been considered a
taxonomically difficult group (e.g., Timm 2009). Species
identification in many groups of oligochaetes is based on
differences in their reproductive organs, which makes it
hard to identify immature specimens. There are also several
groups, e.g., the subfamily Naidinae (Clitellata: Naididae),
where sexual reproduction is rare. There are several cases,
within Naididae, where distinguishing between species is
difficult e.g., Pristina foreli (Piguet, 1906) and Pristina
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aequiseta Bourne, 1891 are only distinguishable due to the
presence of giant chaetae in VI segment of P. aequiseta, in
such situations DNA-barcoding is a good option to reach a
correct identification.

DNA-barcoding is the matching of short standard-
ized genetic markers for identification. For animals, the
mitochondrial gene cytochrome c oxidase I (COI) is
the standard marker (Hebert et al. 2003a). Early on, a
fixed threshold for genetic distances was often used to
determine if sequences were conspecific or belonged to
separate species (e.g., Hebert et al. 2003b; Smith et al.
2005; Waugh 2007). However, this has been shown to
be problematic, and if thresholds should be used, they
should be generated from the data (see discussion in Col-
lins and Cruickshank 2013). The main assumption for
using a global threshold is the existence of a global bar-
coding gap, where the intraspecific, i.e., within species,
are lower than the interspecific, i.e., between species,
distances across the whole dataset (Collins and Cruick-
shank 2013). This does not exist in many groups, includ-
ing Annelida (Kvist 2016), there are many instances
with intraspecific distances> 10% e.g., the earthworms
Lumbricus terrestris Linnaeus, 1758 and Eisenia fetida
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(Savigny, 1826) (Martinsson and Erséus 2017, 2018)
and interspecific distances < 5% e.g., between species of
Branchiodrilus Michaelsen, 1900 (Martin et al. 2018).
Further consideration for reliably using DNA-barcoding
for identifying specimens is the reference library used,
this consists of already identified sequences to which
the new sequences are compared. Both having enough
sequences of each species, as well has having represen-
tation across its range is important to cover the genetic
variation (Papadopoulou et al. 2008; Luo et al. 2015;
Zhang et al. 2019). DNA-barcoding may be particularly
useful for easy identification of species which are rare,
fragile, or small and are difficult to identify morphologi-
cally, and therefore more likely to be misidentified or left
unidentified if only morphology is used. DNA-barcoding
can further reveal taxonomically significant geographic
variation and cryptic species (Bucklin et al. 2011). The
application of DNA barcoding can help to distinguish
species with similar morphologies as well as resolve the
status of subspecies and morphologically cryptic spe-
cies in addition to being used for routine identification
of specimens. In addition to that, DNA barcodes provide
potentially useful information for groups that are already
well studied, and such taxa do not constitute the majority
of biodiversity or those in most need of research attention
(Rubinoff 2006).

The aims of this work are to add new barcode sequences
of naidid worms from India, test for the presence of a bar-
code gap and study the variation in COI of three genera of
Naididae, Dero Oken, 1815, Nais Miiller, 1774, and Pristina
Ehrenberg, 1831 using publicly available sequences from
GenBank, together with the newly generated sequences,
from India.

Materials and methods

Publicly available COI sequences of the genera Dero,
Nais, and Pristina were downloaded from GenBank
(Accessed 2022-03-17), sequences shorter than 500 bp
were discarded. In addition, for all sequences the species
name given in GenBank were used. Three new sequences
of Dero dorsalis Ferronniére, 1899, Nais pseudobtusa
Piguet, 1906, and Pristina foreli were generated. The
newly sequenced specimens were collected from three
different locations of Tamil Nadu. Pristina foreli was
collected from Kamaraj Sagar, Ooty (11°26°21.2”°N,
76°39‘37.7”E), N. pseudobtusa was collected from
Pykara Lake, Ooty (11°27°53.8’N, 76°36°21.2”°E), and
D. dorsalis was collected from Kunyamuthur Lake, Coim-
batore (10°57°45.4°N, 76°58°09.1”E). The specimens
were preserved in absolute alcohol. The identification of
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specimens was performed according to Brinkhurst and
Jamieson (1971), Naidu (2005), and Timm (2009). Isola-
tion of DNA and amplification was performed at BioEdge
Solutions, Bangalore, using standard Qiagen Kit method.
The standard primers LCO1490 and HCO2198 (Folmer
et al. 1994) were used for COI gene amplification. For
PCR analysis the following program was followed initial
denaturation 95 °C for 2 min, final denaturation 95 °C
with 30 cycles 30 s, annealing 50 °C for 30 s and final
termination or extension finishes at 60 °C for 4 min. The
COI gene obtained of the three nadids was deposited in
GenBank Pristina foreli (accession no. OL374056), Nais
pseudobtusa (accession no. OL374070), Dero dorsalis
(accession no. OL375209).

Separate alignments were produced for each genus,
using MAFFT v7.017 (Katoh et al. 2002), as imple-
mented in Geneious Pro v. 7.1, using the auto-algorithm
and default settings, the alignments were trimmed to the
only cover the standard barcoding region with a length
of 658 bp. For the phylogenetic analysis outgroups were
added, for the Dero dataset Branchiodrilus cleistochaeta
Dalh, 1957 was added, for the Nais dataset Amphichaeta
sannio Kallstenius, 1892 was added, and for the Pris-
tina dataset Trieminentia corderoi (Harman, 1969) was
added, the outgroups were selected based on earlier stud-
ies (Erséus et al. 2010, 2017; Martin et al. 2018). In total
17 sequences of Dero, 168 of Nais, and 22 sequences of
Pristina + one outgroup in each alignment were included
in the analysis.

Distance analyses

Uncorrected genetic p-distances were calculated for the
datasets, without outgroups, in MEGA X (Kumar et al.
2018), using pairwise deletion for missing data, the distances
were categorised as either intra-, interspecific or unidenti-
fied, based on the identification given to the sequences in
GenBank, were a pairwise distance were one or both of
the sequences were not identified to species was classified
as unidentified, if both were identified as the same species
it were classified as intraspecific and the sequences were
identified as belonging to two different identified species
it was classified as interspecific. Further, for the morphot-
ypes in the Nais communis/variabilis complex identified in
(Envall et al. 2012), we followed their conclusion of species
delimitation, but classified the distances between members
of the morphotypes and either N. communis Piguet 1906 or
N. variabilis Piguet 1906 as unidentified. The distances were
analysed and summarised in histograms, using R v.3.6.3.
(R Core Team 2020) with the packages ggplot2 (Wickham
2016), dplyr (Wickham et al. 2021), and readr (Wickham and
Hester 2020).
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Fig. 1 Histograms of uncorrected pair- &

wise genetic distances in COI. a Pair-
wise distances for Dero spp. specimens.
b Pairwise distances for Nais spp. speci-
mens. ¢ Pairwise distances for Pristina
spp. specimens
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Phylogenetic estimations Results
Phylogenies were estimated with Maximum Likelihood  Distance analyses

using phyML 3.0 (Guindon et al. 2010), Smart Model
Selection (Lefort et al. 2017) with Bayesian Informa-
tion Criterion was used for automatic model selection;
and Nearest Neighbour Interchange was used for tree
improvement. Branch support was calculated with the
SH-like (Shimodaira-Hasegawa test-like) approximative
Likelihood Ratio Test (aLRT) (Anisimova and Gascuel
2006). The trees were drawn in FigTree 1.4.2 (Rambaut
2014).

The alignments used for the trees, the distance
files, and R-script are available at https:/github.com/
Svante-Martinsson/Barcoding_dist Naididae.

In the Dero dataset there were 136 uncorrected pairwise
distances between 17 sequences. The distances ranges
from 0.00 to 0.18 (Fig. la). In the Nais dataset there
were 14,028 uncorrected pairwise distances between
168 sequences. The distances ranges from 0.00 to 0.21
(Fig. 1b). In the Pristina dataset there were 231 uncor-
rected pairwise distances between 22 sequences. The dis-
tances ranges from 0.00 to 0.36 (Fig. 1c), with a large gap
between 0.21 and 0.35, all the distances above the gap
are between a sequence from an unidentified specimen
from Australia (GenBank Acc.no MWO021259) and the
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Fig. 2 Phylogeny of Dero, based on

COI data from GenBank and newly 0.94

generated sequence (bold). The phylog-
eny is estimated using ML in phyML.
Numbers at branches are SH-like aLRT
support values. Scale shows expected
number of changes per site
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AF534836 Dero digitata
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L 4F534839 Dero vaga

MH744929 Branchiodrilus cleistochaeta

remaining sequences. In all three datasets, the intraspe-
cific distances are generally smaller than the interspecific
distances. However, the overlap is large in all datasets.

Phylogenetic analyses

In the tree resulting from the analysis of the Dero data-
set (Fig. 2) nine distinct lineages of Dero are recovered,
of them two contained specimens identified as different
species, one with D. borellii Michaelsen, 1900 and D.
furcata Oken, 1815, and one with D. dorsalis and D. fur-
cata. Further, specimens identified as D. digitata (Miil-
ler, 1774) are found in three distinct lineages, one also
including unidentified specimens, two of these linecages
are sister-groups.

In the tree resulting from the analysis of the Nais data-
set (Fig. 3) 19 distinct lineages of Nais are recovered,
one of these contained a mix of specimens identified as
N. chistinae Kasprzak, 1973 and N.variabilis. Further,
specimens identified as N. communis are found in five
linages, specimen identified as N. elinguis Miller, 1774
in two, and specimens identified as N. variablis in two
lineages.

In the tree from the analysis of the Pristina dataset
(Fig. 4) 14 distinct linages of Pristina are recovered,
none of them contained a mix of different species. Fur-
ther, specimens identified as P. aequiseta are found in
four lineages, but three of these forms a single clade, and
both P. longiseta Ehrenberg, 1831 and P. /eidyi Smith,
1896 are found in two lineages each, the P. longiseta
forms a clade together with one P. leidyi. Due to the
large genetic distances between specimen MW021259
and remaining Pristina specimens its branch is short-
ened in Fig. 4.
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Discussion

The distances in the tree genera are in general up to about
20%, except for one specimen in Pristina, that differ from
the remaining specimens with more than 30%, indicating
that it may be misidentified, and actually belong to a dif-
ferent genus. In all three genera, there is no clear separa-
tion between intra- and interspecific distances, this could be
explained, at least to some extent by misidentified speci-
mens and cryptic species. Misidentifications in published
sequences is a known problem (e.g., Nilsson et al. 2006;
Kunprom and Pramual 2019), and cryptic species are known
to be common in annelids as well as in other animal groups
(Pfenninger and Schwenk 2007; Nygren 2014; Martinsson
and Erséus 2021). There are no clear global barcoding gaps,
but for both Dero and Pristina, the number of sequences
is quite low, which make the distribution of pairwise dis-
tances less defined. In Nais, where the number of sequences
is larger, two clear peaks can be seen, one around 0—1% and
around 13-18%, but there are distances covering the whole
gap between the two peaks. The same pattern with a lack of
a global barcoding gap has been observed in Annelida as a
whole (Kvist 2016).

In Dero, the taxonomical problems regard D. digitata,
which is found in three separate lineages, and D. furcata that
are found in two separate lineages. In both lineages there are
specimens of other species, one has a specimen identified as
D. borellii and in the other the newly sequenced D. dorsalis
from India, most of these problems were already shown in a
previous study (Srinivasan et al. 2020). Further, some of the
Dero species have been included in the genus Aulophorus,
but this genus is often treated as a synonym or subgenus
of Dero, and the reciprocal monophyly of Aulophorus and
Dero s.str has not been demonstrated (e.g., Bely and Wray
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Fig. 3 Phylogeny of Nais, based on COI data from GenBank and newly generated sequence (bold). The phylogeny is estimated using ML in
phyML. Numbers at branches are SH-like aLRT support values. Scale shows expected number of changes per site
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Fig.4 Phylogeny of Pristina, based on COI
data from GenBank and newly generated
sequence (bold). The phylogeny is estimated
using ML in phyML. Numbers at branches
are SH-like aLRT support values. Scale shows 1

: MW021259 Pristina sp.

r— 1 F"534855 Pristina osborni

MK645548 Pristina leidyi

expected number of changes per site, note
that the branch for MW021259 Pristina sp. is
shorten
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2004; Erséus et al. 2017; Srinivasan et al. 2020), therefore
we treat Aulophorus as a junior synonym in this paper.

In Nais the problems mainly concern the N. communis/
variabilis complex, which were studied in detail by Envall
et al. (2012), members of this complex are found in 10 lin-
eages, two pairs of lineages were shown to belong to the
same species by (Envall et al. 2012). The newly sequenced
N. pseudobtusa from India is found together with a
conspecific.

In Pristina, potential cryptic species are found in P
aequiseta, P. longiseta, and P. leidyi, which all are found
in more than one lineage. The newly sequences P. foreli is
found together with conspecifics. Morphological similarity
between P. foreli and P. aequiseta are limited to the pres-
ence of giant ventral chaetae in P. aequiseta in VI segment
(Jelinek and Rhaesa 2018). Our analysis supports that P,
foreli and P. aequiseta are closely related.

Even though it has been shown that COI, and other mito-
chondrial markers, alone often overestimate the numbers of
species if used alone, and therefore cannot be used on its
own to delimit species (e.g., King et al. 2008; Dasmahapatra
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et al. 2010; Achurra and Erséus 2013; Martinsson et al.
2013; Martinsson et al. 2017; Martinsson et al. 2020), it still
useful for identify potential cryptic species and other taxo-
nomical problems, that require further studies. Here, the use
of additional markers will be required for future studies to
separate the cryptic species in Dero, Nais and Pristina.

In this study, we have shown that there is no global
barcoding gap in any of the three studied genera. We
also identify taxonomical problems in the threes studied
genera, which needs further study. Lastly, we have added
additional barcodes from India, increasing sampling
form the area. We hope that this study is only a beginning
towards creating a barcoding library for Indian freshwa-
ter clitellates.
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