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Abstract

Background

The  diversity  of  organisms  is  being  commonly  accessed  using  metabarcoding  of
environmental samples. Reliable identi cation of barcodes is one of the critical steps in the
process and several  taxonomy assignment  methods were proposed to  accomplish this
task, including alignment-based approach that uses Basic Local Alignment Search Tool
(BLAST)  algorithm.  This  publication  evaluates  the  variability  of  5'  end  of  18S  rRNA
barcoding region as expressed by similarity scores (alignment score and identity score)
produced by BLAST,  and its  impact  on barcode identi cation to  family-level  taxonomic
categories.

New information

In alignment-based taxonomy assignment approach, reliable identi cation of anonymous
OTUs to supraspeci c  taxa depends on the correct  application of  similarity  thresholds.
Since  various  taxa  show  di erent  level  of  genetic  variation,  practical  application  of
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alignment-based approach requires the determination and use of taxon-speci c similarity
thresholds.
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Introduction

Identi cation of anonymous barcodes clustered in Operational Taxonomic Units (OTUs) is
one  of  the  critical  steps  in  metabarcoding  studies  of  living  organisms.  It  can  be
accomplished via several taxonomy-assignment tools belonging to four di erent categories:
alignment-based,  probabilistic,  tree-based  and  phylogeny-based  (Holovachov  et  al.,
unpublished). Alignment-based approach uses Basic Local Alignment Search Tool (BLAST,
Altschul  et  al.  1990)  algorithm implemented via  NCBI  server  or  as  part  of  standalone
software packages such as QIIME (Caporaso et al. 2010), LCAClassi er (Lanzén et al.
2012) or Taxonerator (Jones et al. 2011). The taxonomic placement of OTUs is based on
whether the identity score (Bik et al. 2011, Bik et al. 2012, Creer et al. 2010, Fonseca et al.
2010, Fonseca et al. 2014, Gibson et al. 2015) or e-value (Sinniger et al. 2016) is above or
below  the  predetermined  similarity  threshold.  Overlap  range  between  barcode  and
reference sequences can also  be considered (Gibson et  al.  2015).  90% cuto  for  the
identity  score  is  most  commonly  used to  assign  taxonomy to  anonymous OTUs using
alignment-based approach with BLAST (Bik et al. 2011, Bik et al. 2012, Cowart et al. 2015,
Creer et al. 2010, Fonseca et al. 2010, Fonseca et al. 2014) – OTUs having lower identity
score  are  treated  as  unidenti ed,  OTUs  having  higher  identity  score  are  identi ed  to
respective phyla. It is, however, not always clearly speci ed as to why OTUs with identity
score lower than 90% are considered unidenti able, and why identi ed OTUs (those that
receive >90% identity score with reference sequence) are assigned only to the level of the
phyla.

Recent publication describing Classi cation Resources for Environmental Sequence Tags
(CREST, Lanzén et al. 2012) uses following similarity cuto s to identify anonymous OTUs
with LCAClassi er implementation of Megablast: 97% identity for genera, 95% for families,
90% for orders, 85% for classes and 80% for phyla. CREST reference databases include
both  Pocaryotic  and  Eucaryotic  sequences,  but  similarity  thresholds  are  based on  the
procaryotic 16S rRNA analysis of Cole et al. (2010), which de nes 99% identity equal to
species, 96.5% – genera, 90% – families, and 84% as equivalent to orders (or 1%, 3.5%,
10%  and  16%  di erence  per  position)  based  on  single  linkage  clustering.  Another
publication (Giongo et al. 2010) de nes 99% sequence identity as equivalent to species,
95% – genera, 90% – classes/orders/families, and 80% – phyla, based on publications by
Hong et al. (2005), Schloss and Handelsman (2004).
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Barcoding  regions  are  comparatively  short  and  intentionally  de ned  to  include
hypervariable domains, while the above mentioned rRNA similarity measures are based on
comparison of  full  length sequences that  also include highly  conserved regions.  Thus,
similarity  measures based on complete genes may or  may not  re ect  variability  of  the
barcoding regions. Moreover, variability of rRNA can be very di erent in closely related taxa
(see the comparison of the families Cephalobidae and Panagrolaimidae below). Published
similarity measures (Cole et al. 2010, Hong et al. 2005, Schloss and Handelsman 2004)
themselves  are  based  on  distance  calculations,  and  not  on  BLAST-derived  scores.
Therefore,  similarity  thresholds  used  in  identi cation  of  metabarcodes  need  to  be
reevaluated and, if necessary, adjusted, using actual BLAST-based comparison of identity
scores  of  the  barcoding  region  for  individual  taxa.  There  is  another  issue  that,  to  my
knowledge,  has  not  been speci cally  considered.  While  identifying  own metabarcoding
dataset (Haenel et al., in press, Holovachov et al., in press) I found that large number of
reference sequences do not have complete overlap with the barcoding region of the 18S
rDNA gene commony used for nematodes and other meiofauna (Holovachov 2016), and it
is not clear how much impact does it have on the e ciency of the identi cation. Thus, the
goal of this paper is to evaluate identity scores between barcode-sized sequences and
reference dataset (often without 100% overlap) produced by BLAST search algorithm, and
describe  variability  of  these  scores  for  species  grouped  in  family-level  taxonomic
categories, as justi ed elsewhere (Holovachov et al. in press).

Materials and Methods

1. Sequence data

SILVA database (Quast et al. 2012) is regularly used in metabarcoding studies to create
reference dataset (Cowart et al. 2015, Lanzén et al. 2012, Lindeque et al. 2013, Haenel et
al. in press). The entire Nematoda alignment of it was downloaded on December of 2015.
At the rst step, all sequences were manually checked in order to remove animal parasitic
and exclusively terrestrial nematode species, sequences already known to be incorrectly
identi ed,  unidenti ed  sequences  (environmental  sequences),  and  non-nematode
sequences placed within Nematoda (see Holovachov 2016). The alignment was trimmed to
the size of the barcoding region (see section 2 of Materials and Methods), only sequences
that had 100% coverage with the barcoding region were retained for the comparison. All
sequences  (identi ed  to  species  or  genus  level)  from the  following  ve  predominantly
marine nematode families were used in this study: Desmodoridae (represented by 21 taxa),
Chromadoridae (30 taxa), Comesomatidae (12 taxa), Monhysteridae (21 taxa), Xyalidae
(14 taxa) (Suppl.  material  1).  Two terrestrial  families,  Cephalobidae (represented by 16
taxa)  and  Panagrolaimidae  (18  taxa),  were  also  included  for  comparison  (Suppl.
material 1).
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2. Barcoding region

This publication evaluates the variability of the barcoding region of the 18S rRNA gene that
includes V1 and V2 variable regions (Holovachov 2016) and is  used in barcoding and
metabarcoding  studies  of  nematodes  in  particular  (Floyd  et  al.  2002)  and  of  marine
meiofauna in general (Fonseca et al. 2014, Fonseca et al. 2010, Mohrbeck et al. 2015,
Sinniger et al. 2016, Haenel et al. in press, Holovachov et al., in press).

3. Analysis

Every barcode-size sequence was manually compared with reference sequences available
in the Nucleotide collection (excluding uncultured/environmental sample sequences) of the
NCBI  database using  BLASTN  2.5.0  search  algorithm  (Madden  2002).  Two  separate
comparisons were done: in the rst case all results were sorted by maximum score; in the
second case only the results that produced 100% query cover were considered. Following
three records were noted:

1. Identity  score received by  the  nearest  ingroup taxon (sequence from the same
family), i.e., the closest scoring match from the same family that is not the same
sequence;

2. Identity score received by the furthest ingroup taxon before the rst outgroup taxon
(sequence from the di erent family), i.e., the furthest scoring match from the same
family immediately preceding the closest scoring match that belongs to a di erent
family;

3. Identity score received by the nearest outgroup taxon (sequence from the di erent
family), i.e., the closest scoring match from a di erent family.

Standard statistical measures (minimum, maximum, averade and standard deviation) were
calculated  for  alignment  score,  identity  score and  coverage  when  appropriate  (Suppl.
materials 2, 3) and used for comparison below. Certain sequences were ignored during
sorting, these include unidenti ed sequences, environmental and uncultured sequences
that  were  not  automatically  excluded  during  BLAST  search,  and  two  misidenti ed
sequences (GQ503078 Monhystera sp. and KJ636248 Mononchus aquaticus).

Results

1. Variable coverage

The results of BLAST searches are summarized in Suppl. material 2. The lowest identity
scores for the nearest ingroup taxon varied considerably in marine families, from 98% in
the family Comesomatidae to 91% in the family Monhysteridae, while average values were
more  consistent  across  families  (97.8-99.3%).  This  alone  shows  that  95%  similarity
threshold used to de ne families in LCAClassi er of CREST (Lanzén et al. 2012) may in
some cases be too strict and may exclude potentially identi able sequences.
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Identity  scores  for  the  furthest  ingroup  taxon  and  nearest  outgroup  taxon  also  varied
considerably between di erent families (Fig. 1, Suppl. material 2). Furthest ingroup taxon
for  the  families  Desmodoridae  and  Comesomatidae  showed  relatively  narrow  range,
93-96%  identity  score  to  query  sequence,  while  same  scores  for  the  families
Chromadoridae, Monhysteridae and Xyalidae varied between 81-86% (lowest) and 95-98%
(highest). Identity scores for the nearest outgroup taxon were also variable, with the highest
93-96% in Desmodoridae and the lowest 81-91% in Chromadoridae. For comparison, in
the family Cephalobidae identity scores for the furthest ingroup taxon range within 96-98%
and  for  the  nearest  outgroup  taxon  –  within  95-99%.  Same  values  in  the  family
Panagrolaimidae  are  79-99%  (furthest  ingroup  taxon)  and  73-95%  (nearest  outgroup
taxon). What is more important is that ranges of identity scores for furthest ingroup taxon
and nearest outgroup taxon showed considerable overlap for all compared families (marine
and terrestrial) except for the family Comesomatidae (Fig. 1).

These two terrestrial families purposely chosen for comparison also present two speci c
challenges that were not seen in marine families. For example, in the family Cephalobidae
in many cases the nearest  outgroup taxon with lesser coverage of  94% would receive
higher identity score (98-99% identity) than the furthest ingroup taxon with 100% coverage

 
Figure 1. 

Ranges of identity scores of furthest ingroup taxon and nearest outgroup taxon as revealed by
BLAST  comparison  of  query  sequences  with  reference  dataset  with  variable  coverage
between sequences. Ranges of identity scores. 1 – 100% identity to maximum identity score
of the furthest ingroup taxon; 2 – maximum to average identity scores of the furthest ingroup
taxon; 3 – average to minimum identity scores of the furthest ingroup taxon; 4 – maximum to
average identity scores of the nearest outgroup taxon; 5 – average to minimum identity scores
of the nearest outgroup taxon; 6 – minimum identity score of the nearest ingroup taxon to 70%
identity threshold.
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(96-97%  identity).  The  family  Panagrolaimidae  presented  a  di erent  challenge  –  all
compared barcodes of the genus Halicephalobus received very low sequence coverage
with  the  furthest  ingroup  (32%)  and  nearest  outgroup  (17-27%)  taxa,  and  found  no
outgroup sequences with 100% coverage, even though many sequences in the reference
database  have  full  overlap  with  them.  This  can  indicate  that  BLAST  algorithm  has
di culties aligning highly modi ed sequences of Halicephalobus.

2. 100% Coverage

The results of BLAST searches are summarized in Suppl. material 3. The lowest identity
scores for the nearest ingroup taxon varied considerably in marine families, from 98% in
the family Comesomatidae to 86% in the family Chromadoridae, while average values were
more consistent across families (97.0-99.2%) and very similar to the results described in
the previous section (Results 1. Variable coverage).

Identity scores for the furthest ingroup taxon and nearest outgroup taxon again showed
considerable  variation  between  di erent  families  (Fig.  2,  Suppl.  material  3).  Furthest
ingroup taxon for the family Desmodoridae showed relatively narrow range, 93-96% identity

 
Figure 2. 

Ranges of identity scores of furthest ingroup taxon and nearest outgroup taxon as revealed by
BLAST comparison of query sequences with reference dataset with 100% coverage between
sequences.  anges of  identity  scores.  1 – 100% identity  to  maximum identity  score of  the
furthest ingroup taxon; 2 – maximum to average identity scores of the furthest ingroup taxon; 3
– average to minimum identity scores of the furthest ingroup taxon; 4 – maximum to average
identity scores of the nearest outgroup taxon; 5 – average to minimum identity scores of the
nearest  outgroup taxon;  6 – minimum identity  score of  the nearest  ingroup taxon to 70%
identity threshold.
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score to query sequence. For the remaining ve families the same scores varied between
80-93% (lowest)  and 92-100% (highest).  100% identity  scores  for  the  furthest  ingroup
taxon were noted in several cases and were caused by limited number of reference taxa
that had 100% coverage with query sequence. Identity scores for the nearest outgroup
taxon were also variable, with the highest 92-96% in Desmodoridae and the lowest 80-91%
in  Chromadoridae.  For  comparison,  in  the  family  Cephalobidae  identity  scores  for  the
furthest ingroup taxon range within 96-98% and for the nearest outgroup taxon – within
95-97%. Same values in the family Panagrolaimidae are 79-99% (furthest ingroup taxon)
and 78-95% (nearest outgroup taxon). Similarly to the preceding comparison (Results 1.
Variable coverage) the ranges of identity scores for furthest ingroup taxon and nearest
outgroup taxon showed considerable overlap for all families (marine and terrestrial) except
for the family Comesomatidae (Fig. 2).

Limiting searches to sequences with 100% overlap a ected two speci c issues with the
families  Cephalobidae  and  Panagrolaimidae  described  above  (Results  1.  Variable
coverage). In the family Cephalobidae the nearest outgroup taxon no longer have higher
identity  score  than  the  furthest  ingroup  taxon  (for  same  query  sequence),  making
identi ication more reliable. In the case of the family Panagrolaimidae, limiting searches to
sequences  with  100%  overlap  produced  no  nearest  outgroup  hits  for  the  genus
Halicephalobus.

Discussion

Similarity thresholds

Only in one out of ve analyzed families of marine nematodes, there was no overlap in
ranges  of  identity  scores  between  furthest  ingroup  taxon  and  nearest  outgroup  taxon.
Remaining four marine and two terrestrial families showed considerable overlap between
both values (identity score of the furthest ingroup taxon and identity score of the nearest
outgroup taxon). Moreover, both values showed substantially di erent variability ranges and
average values depending on the taxon in-question. It  suggests that universal similarity
thresholds applied to nematodes need to be used with great caution.

Even considering only highest scoring hits of the BLAST searches for alignment-based
identi cation  of  OTUs  should  be  done  with  great  care.  Due  to  scarcity  of  nematode
reference dataset, many highest scoring hits have very low identity scores, especially in
case when only 100% overlapping sequences are considered. In this analysis,  nearest
ingroup scores for some sequences from the family Chromadoridae were as low as 86%,
thus using 95% or even 90% similarity threshold to assign anonymous OTUs to families will
treat such cases unidenti able. This problem can not be solved by broadening similarity
cuto s, as it will increase incorrect taxon assignment for all families, but only by lling in the
gaps in the reference databases by speci cally targeting those species and genera for
which no sequence data is available.
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Impact of sequence coverage

Level of overlap between query and reference sequence has certain impact on identity
scores in particular and on the identi cation process in general. While performing BLAST
searches, I  noticed numerous cases when outgorup taxa with lower coverage received
higher identity scores than ingroup taxa with more complete coverage. On the other hand,
limiting BLAST searches to sequences with only 100% coverage e ectively limits the range
of  reference taxa to compare with – as already described in  Holovachov (2016),  large
number of nematode sequences in GenBank are missing a substantial section from the 5'
end of this particular barcoding region of rRNA gene.

Problematic sequences

Presence of erroneous sequences in reference databases and its impact on identi cation
of anonymous OTUs had been extensively discussed and illustrated (Blaxter et al. 2016,
Schnell  et  al.  2015).  In  addition  to  several  erroneous  sequences  discussed previously
(Holovachov  2016),  two  more  incorrectly  identi ed  sequences  were  found  during  blast
searches:  GQ503078 Monhystera sp.  groups  within  the  family  Xyalidae  instead  of  the
family  Monhysteridae,  while  KJ636248 Mononchus aquaticus groups  within  the  family
Monhysteridae instead of the family Mononchidae.

Conclusions

The diversity of nematodes is seriously underrepresented in reference databases used for
identi cation  of  anonymous  barcodes  (OTUs).  When  using  alignment-based  taxonomy
assignment tools to identify nematode OTUs, it is important to know both (1) the lowest
similarity thresholds that can be con dently applied to assign OTUs to supraspeci c taxa,
in order to maximize the e ciency of identi cation; and (2) the highest similarity thresholds
that can ensure minimum number of mis-assigned OTUs.

Targeted  sequencing  of  reference  taxa  from  underrepresented  nematode  families  is
expected to improve the e ciency of  alignment-based taxonomy assignment approach.
Two groups of taxa should be speci cally considered: (1) those species that are completely
missing from the reference databases, and (2) those species, which sequences (already
available in reference databases) do not have full coverage with the barcoding region used
in metabarcoding studies.

It is also important to understand that universal similarity thresholds can only be applied
with great caution, that taxon-speci c similarity thresholds may be more e ective to use,
and that other taxonomy assignment methods may be more reliable for a particular dataset
(Holovachov et al., in press).
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File name: S1-TAXA.pdf

Table S1. GenBank accession numbers and classification of sequences used in present analysis.

Acc. number Family Genus Species

Y16912 Desmodoridae Catanema sp.

AF047891 Desmodoridae Chromadoropsis vivipara

AY854215 Desmodoridae Desmodora communis

Y16913 Desmodoridae Desmodora ovigera

Y16915 Desmodoridae Eubostrichus dianeae

Y16916 Desmodoridae Eubostrichus parasitiferus

Y16917 Desmodoridae Eubostrichus topiarius

KF453617 Desmodoridae Eubostrichus sp.

KF453618 Desmodoridae Eubostrichus sp.

Y16918 Desmodoridae Laxus cosmopolitus

Y16919 Desmodoridae Laxus oneistus

KJ414468 Desmodoridae Leptonemella vicina

Y16920 Desmodoridae Leptonemella sp.

AY854216 Desmodoridae Metachromadora remanei

AF036595 Desmodoridae Metachromadora sp.

EF591339 Desmodoridae Metachromadora sp.

FJ040469 Desmodoridae Metachromadora sp.

Y16921 Desmodoridae Robbea hypermnestra

AY854217 Desmodoridae Spirinia parasitifera

Y16922 Desmodoridae Stilbonema majum

Y16923 Desmodoridae Xyzzors sp.

AY854204 Chromadoridae Atrochromadora microlaima

AY854205 Chromadoridae Chromadora nudicapitata

AY854206 Chromadoridae Chromadora sp.

KJ636220 Chromadoridae Chromadorina bioculata

KJ636221 Chromadoridae Chromadorina bioculata

AY854207 Chromadoridae Chromadorina germanica

KJ636256 Chromadoridae Chromadorina sp.

FJ040471 Chromadoridae Chromadorina sp.

FJ040470 Chromadoridae Chromadorina sp.

FJ969119 Chromadoridae Chromadorita leuckarti

KJ636254 Chromadoridae Chromadorita leuckarti



Acc. number Family Genus Species

KJ636214 Chromadoridae Chromadorita leuckarti

FJ040473 Chromadoridae Chromadorita cf. leuckarti

AY854208 Chromadoridae Chromadorita tentabundum

JN968224 Chromadoridae Chromadorita tentabundum

AY854209 Chromadoridae Dichromadora sp.

FJ040506 Chromadoridae Dichromadora sp.

JN968222 Chromadoridae Dichromadora sp.

AY854210 Chromadoridae Neochromadora sp.

JN968215 Chromadoridae Neochromadora sp.

JN968255 Chromadoridae Neochromadora sp.

JN968230 Chromadoridae Neochromadora sp.

JN968246 Chromadoridae Neochromadora sp.

JN968267 Chromadoridae Neochromadora sp.

EF591341 Chromadoridae Prochromadora sp.

JN968223 Chromadoridae Punctodora ratzeburgensis

JN968227 Chromadoridae Punctodora ratzeburgensis

JN968283 Chromadoridae Punctodora ratzeburgensis

KJ636232 Chromadoridae Punctodora ratzeburgensis

AY854211 Chromadoridae Spilophorella paradoxa

AY854234 Comesomatidae Sabatieria celtica

EF591335 Comesomatidae Sabatieria pulchra

FJ040466 Comesomatidae Sabatieria pulchra

JN968250 Comesomatidae Sabatieria pulchra

JN968228 Comesomatidae Sabatieria pulchra

AY854236 Comesomatidae Sabatieria punctata

AY854237 Comesomatidae Sabatieria punctata

AY854235 Comesomatidae Sabatieria punctata

AY854239 Comesomatidae Sabatieria sp.

JN968221 Comesomatidae Sabatieria sp.

AY854240 Comesomatidae Setosabatieria hilarula

JN968273 Comesomatidae Setosabatieria hilarula

AJ966482 Monhysteridae Diplolaimella dievengatensis

AF036611 Monhysteridae Diplolaimelloides meyli

AF036644 Monhysteridae Diplolaimelloides meyli

AY593937 Monhysteridae Eumonhystera filiformis



Acc. number Family Genus Species

KJ636238 Monhysteridae Eumonhystera filiformis

KJ636219 Monhysteridae Eumonhystera filiformis

KJ636239 Monhysteridae Eumonhystera filiformis

KJ636240 Monhysteridae Eumonhystera cf. filiformis

KJ636237 Monhysteridae Eumonhystera cf. hungarica

KJ636250 Monhysteridae Eumonhystera cf. vulgaris

EF591334 Monhysteridae Geomonhystera villosa

FJ040465 Monhysteridae Geomonhystera sp.

KJ636213 Monhysteridae Geomonhystera sp.

AJ966485 Monhysteridae Halomonhystera disjuncta

HF572952 Monhysteridae Halomonhystera sp.

FJ969130 Monhysteridae Monhystera paludicola

KJ636258 Monhysteridae Monhystera cf. paludicola

AY593938 Monhysteridae Monhystera riemanni

KJ636259 Monhysteridae Monhystera stagnalis

KJ636246 Monhysteridae Monhystera cf. stagnalis

AJ966507 Monhysteridae Tridentulus sp.

AY854223 Xyalidae Daptonema hirsutum

AY854224 Xyalidae Daptonema normandicum

AY854225 Xyalidae Daptonema oxycerca

AF047889 Xyalidae Daptonema procerus

AY854226 Xyalidae Daptonema setosum

JN968233 Xyalidae Daptonema setosum

FJ040463 Xyalidae Daptonema sp.

AJ966491 Xyalidae Metadesmolaimus sp.

AJ966505 Xyalidae Theristus acer

AY284693 Xyalidae Theristus agilis

AY284695 Xyalidae Theristus agilis

FJ040464 Xyalidae Theristus sp.

JN968231 Xyalidae Theristus sp.

KC920423 Xyalidae Zygonemella striata

AY284671 Cephalobidae Acrobeles complexus

AY284673 Cephalobidae Acrobeloides apiculatus

EU543174 Cephalobidae Acrobeloides buetschlii

EU196016 Cephalobidae Acrobeloides maximus



Acc. number Family Genus Species

EU306344 Cephalobidae Acrobeloides maximus

AY284672 Cephalobidae Acrobeloides nanus

DQ102707 Cephalobidae Acrobeloides nanus

EU543175 Cephalobidae Acrobeloides thornei

AY284663 Cephalobidae Cephalobus persegnis

AY284662 Cephalobidae Cephalobus persegnis

AY284677 Cephalobidae Chiloplacus propinquus

AY284664 Cephalobidae Eucephalobus cf. oxyuroides

AY284666 Cephalobidae Eucephalobus striatus

AY284670 Cephalobidae Heterocephalobus elongatus

AY284668 Cephalobidae Heterocephalobus elongatus

AY284675 Cephalobidae Zeldia sp.

AF202156 Panagrolaimidae Halicephalobus gingivalis

JX674039 Panagrolaimidae Halicephalobus gingivalis

HQ697250 Panagrolaimidae Halicephalobus cf. gingivalis

JF706244 Panagrolaimidae Halicephalobus cf. gingivalis

GQ918144 Panagrolaimidae Halicephalobus sp.

AF083007 Panagrolaimidae Panagrellus redivivus

AF036599 Panagrolaimidae Panagrellus redivivus

AOMH01000003 Panagrolaimidae Panagrellus redivivus

AF202153 Panagrolaimidae Panagrobelus stammeri

FJ969134 Panagrolaimidae Panagrobelus stammeri

AJ567385 Panagrolaimidae Panagrolaimus davidi

AY284681 Panagrolaimidae Panagrolaimus subelongatus

EU543176 Panagrolaimidae Panagrolaimus detritophagus

KF011488 Panagrolaimidae Panagrolaimus facetus

KF011489 Panagrolaimidae Panagrolaimus cf. papillosus

DQ285636 Panagrolaimidae Panagrolaimus cf. rigidus

EU543179 Panagrolaimidae Procephalobus sp.

AF202165 Panagrolaimidae Turbatrix aceti



File name: S2-VAR.pdf

Table S2. Variability of maximum alignment score and identity score for the nearest ingroup,

furthest ingroup and nearest outgroup taxa in the BLASTN searches with variable coverage for each

of five marine (Desmodoridae, Chromadoridae, Comesomatidae, Monhysteridae and Xyalidae) and

two terrestrial (Cephalobidae and Panagrolaimidae) families of nematodes. Number of analyzed

sequences for each family is given in parenthesis.

Family Alignment score Identity score (%) Coverage (%)

DESMODORIDAE (n=21)

Nearest ingroup taxon 613.6±38.8 (562-673) 97.8±1.8 (95-100) 98.1±3.6 (90-100)

Furthest ingroup taxon 553.9±21.9 (521-590) 94.6±1.1 (93-96) 99.6±0.7 (98-100)

Nearest outgroup taxon 550.3±21.6 (520-582) 94.6±1.1 (93-96) 98.0±1.3 (97-100)

CHROMADORIDAE (n=30)

Nearest ingroup taxon 635.9±34.4 (540-667) 98.8±1.6 (94-100) 98.9±3.1 (88-100)

Furthest ingroup taxon 424.3±72.3 (254-496) 90.4±3.6 (81-95) 90.0±7.7 (59-100)

Nearest outgroup taxon 416.4±69.3 (254-486) 87.9±3.2 (81-91) 99.3±2.0 (90-100)

COMESOMATIDAE (n=12)

Nearest ingroup taxon 658.1±11.7 (632-671) 99.3±0.7 (98-100) 99.6±0.8 (98-100)

Furthest ingroup taxon 501.2±21.4 (470-538) 94.7±1.2 (93-96) 88.9±1.1 (87-90)

Nearest outgroup taxon 487.0±21.0 (455-514) 91.2±1.0 (89-92) 99.9±0.3 (99-100)

MONHYSTERIDAE (n=21)

Nearest ingroup taxon 624.1±40.8 (479-654) 98.2±1.9 (91-100) 99.3±2.4 (89-100)

Furthest ingroup taxon 463.7±59.6 (370-593) 90.6±3.2 (86-98) 98.3±3.1 (89-100)

Nearest outgroup taxon 427.0±30.1 (361-486) 88.5±1.7 (85-91) 98.5±2.8 (93-100)

XYALIDAE (n=14)

Nearest ingroup taxon 635.9±40.5 (534-669) 98.7±1.8 (93-100) 98.4±3.6 (90-100)

Furthest ingroup taxon 438.4±51.0 (370-516) 89.1±3.1 (85-95) 97.6± 5.0 (85-100)

Nearest outgroup taxon 429.1±47.7 (361-494) 88.6±2.5 (85-93) 97.6±2.9 (91-100)

CEPHALOBIDAE (n=16)

Nearest ingroup taxon 660.8±15.4 (630-675) 99.2±0.8 (98-100) 99.9±0.3 (99-100)

Furthest ingroup taxon 603.0±17.0 (571-621) 97.1±0.6 (96-98) 97.6±3.0 (92-100)

Nearest outgroup taxon 600.3±17.4 (568-619) 97.4±1.6 (95-99) 96.3±3.0 (94-100)

PANAGROLAIMIDAE (n=18)

Nearest ingroup taxon 609.7±84.0 (359-675) 97.0±3.8 (85-100) 98.7±2.3 (92-100)

Furthest ingroup taxon 290.5±185.8 (95-658) 86.0±6.5 (79-99) 71.2±30.1 (30-100)

Nearest outgroup taxon 248.8±158.2 (68-564) 83.7±5.7 (73-95) 74.1±33.4 (17-100)



File name: S3-100.pdf

Table S3. Variability of maximum alignment score and identity score for the nearest ingroup,

furthest ingroup and nearest outgroup taxa in the BLASTN searches with 100% coverage for each

of five marine (Desmodoridae, Chromadoridae, Comesomatidae, Monhysteridae and Xyalidae) and

two terrestrial (Cephalobidae and Panagrolaimidae) families of nematodes. Number of analyzed

sequences for each family is given in parenthesis. 

Family Alignment score Identity score (%)

DESMODORIDAE (n=21)

Nearest ingroup taxon 608.6±43.9 (527-673) 97.0±2.1 (93-100)

Furthest ingroup taxon 552.6±20.7 (516-582) 94.5±1.1 (93-96)

Nearest outgroup taxon 547.8±22.1 (510-582) 94.0±1.2 (92-96)

CHROMADORIDAE (n=30)

Nearest ingroup taxon 620.9±62.8 (370-667) 97.8±3.0 (86-100)

Furthest ingroup taxon 449.4±93.5 (261-667) 89.4±4.5 (80-100)

Nearest outgroup taxon 414.0±70.4 (243-486) 87.7±3.4 (80-91)

COMESOMATIDAE (n=12)

Nearest ingroup taxon 657.0±13.9 (632-671) 99.2±0.8 (98-100)

Furthest ingroup taxon 541.5±42.4 (510-669) 94.0±2.0 (93-100)

Nearest outgroup taxon 485.0±21.9 (455-514) 91.1±1.1 (89-92)

MONHYSTERIDAE (n=21)

Nearest ingroup taxon 617.8±53.6 (475-654) 97.8±2.6 (91-100)

Furthest ingroup taxon 455.4±76.9 (346-612) 89.8±3.8 (84-97)

Nearest outgroup taxon 416.9±39.7 (307-486) 87.6±2.1 (82-91)

XYALIDAE (n=14)

Nearest ingroup taxon 627.4±54.9 (496-669) 97.7±2.8 (91-100)

Furthest ingroup taxon 419.6±50.9 (337-497) 87.8±2.4 (84-92)

Nearest outgroup taxon 398.4±47.5 (329-466) 86.6±2.4 (83-90)

CEPHALOBIDAE (n=16)

Nearest ingroup taxon 659.9±15.5 (630-675) 99.1±0.7 (98-100)

Furthest ingroup taxon 601.9±10.1(586-625) 96.4±0.6 (96-98)

Nearest outgroup taxon 593.9±14.6 (568-619) 96.0±0.8 (95-97)

PANAGROLAIMIDAE (n=18)

Nearest ingroup taxon 632.5±50.2 (503-673) 97.7±2.3 (92-100)

Furthest ingroup taxon 438.9±171.8 (233-658) 88.5±8.2 (79-99)

Nearest outgroup taxon 306.1±143.4 (209-564) 82.1±7.1 (78-95)


	Abstract
	Background
	New information

	Keywords
	Introduction
	Materials and Methods
	1. Sequence data
	2. Barcoding region
	3. Analysis

	Results
	1. Variable coverage
	2. 100% Coverage

	Discussion
	Similarity thresholds
	Impact of sequence coverage
	Problematic sequences

	Conclusions
	Grant title
	References
	Supplementary materials

