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The flagellated protozoan Dientamoeba fragilis is often detected in humans with gastrointestinal symp-
toms, but it is also commonly found in healthy subjects. As for other intestinal protozoa, the hypothesis
that genetically dissimilar parasite isolates differ in their ability to cause symptoms has also been raised
for D. fragilis. To date, only two D. fragilis genotypes (1 and 2) have been described, of which genotype 1
largely predominates worldwide. However, very few markers are available for genotyping studies and
therefore the extent of genetic variation among isolates remains largely unknown. Here, we performed
metagenomics experiments on two D. fragilis-positive stool samples, and identified a number of candi-
date markers based on sequence similarity to the phylogenetically related species Trichomonas vaginalis.
Markers corresponding to structural genes and to genes encoding for proteases were selected for this
study, and PCR experiments confirmed their belonging to the D. fragilis genome; two previously described
markers (small subunit ribosomal DNA and large subunit of RNA polymerase II) were also included. Using
this panel of markers, 111 isolates of human origin were genotyped, all of which, except one, belonged to
genotype 1. These isolates had been collected at different times from symptomatic and asymptomatic
persons of different age groups in Italy, Denmark, Brazil and Australia. By sequencing approximately
160 kb from 500 PCR products, a very low level of polymorphism was observed across all the investigated
loci, suggesting the existence of a major clone of D. fragilis with a widespread geographical distribution.

� 2016 Australian Society for Parasitology. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The non-flagellated flagellate Dientamoeba fragilis has puzzled
researchers since its first description about a century ago (Jepps
and Dobell, 1918), and many aspects of its biology remain obscure
even today (Johnson et al., 2004). The taxonomic position of D.
fragilis was established about 20 years ago by phylogenetic
analysis of the ssrRNA gene, which, in agreement with previous
morphological data, demonstrated a close affinity with the tri-
chomonads (Silberman et al., 1996). Further support for this classi-
fication has been obtained by a detailed morphological analysis of
D. fragilis trophozoites grown in vitro, which showed structures
typically found in other trichomonad species such as hydrogeno-
somes (Banik et al., 2012).

The life cycle of D. fragilis is incompletely known: the only well-
characterised stage is the trophozoite, typically ranging in size
from 5 to 15 lm, which contains one to four nuclei and lacks flag-
ella (Johnson et al., 2004). The presence of a putative cyst stage was
reported recently (Munasinghe et al., 2013), and this finding has
important implications for our understanding of transmission
routes and the epidemiology of infection. Indeed, two transmission
routes have been proposed; one involving helminths (mostly pin-
worms) as mechanical carriers of Dientamoeba (Girginkardes�ler
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et al., 2008; Ögren et al., 2013; Röser et al., 2013a, 2015), and
another involving direct faecal-oral transmission (Stark et al.,
2012; Munasinghe et al., 2013). Evidence in favour of each mecha-
nism was recently reviewed (Barratt et al., 2011; Clark et al., 2014).

The natural host range of the parasite remains incompletely
known. Humans have been recognised as a host for a long time;
meanwhile, the ability of the parasite to infect non-human hosts
has been less explored (Stark et al., 2008). Recent studies demon-
strated that pigs are natural hosts of D. fragilis (Crotti et al.,
2007), and molecular studies showed that pigs harbour a genotype
also found in humans (Cacciò et al., 2012), which raises the possi-
bility of a zoonotic transmission of the infection. Other reports are
limited to non-human primates such as the Western lowland gor-
illa (Lankester et al., 2010) and the Ecuadorian mantled howler
monkey (Helenbrook et al., 2015), and to rodents, namely house
rats in Nigeria (Ogunniyi et al., 2014).

Furthermore, the pathogenic potential of the parasite is still
controversial. Some authors suggested the clinical relevance of
diagnosing and treating D. fragilis (Barratt et al., 2010; Stark
et al., 2010; Banik et al., 2011). Others have argued that the fre-
quent detection of the parasite in stools of healthy individuals sug-
gests it is part of the commensal microbiota (Röser et al., 2013b;
Bruijnesteijn van Coppenraet et al., 2015; Krogsgaard et al.,
2015), and observed a limited clinical effect of metronidazole
treatment of children with gastrointestinal upset (Röser et al.,
2014). Meanwhile, and as with other intestinal protozoa, the intra-
genetic variability has been considered one of the factors possibly
influencing the clinical manifestation of D. fragilis infection. How-
ever, to date only ssrDNA, actin and elongation factor 1-alpha
genes have been used to genotype the parasite (Stensvold et al.,
2012); therefore, the genetic diversity of this parasite is poorly
characterised. Thus far, two genotypes (1 and 2) have been
described based on ssrDNA analysis, of which genotype 1 largely
predominates worldwide (Johnson and Clark, 2000; Windsor
et al., 2006).

This study aimed to develop and apply novel markers for study-
ing genetic variation in D. fragilis within a large collection of geo-
graphically distinct isolates, with a view to describing the level
of polymorphism and inferring the population structure of the
parasite.
2. Materials and methods

2.1. Selection of candidate markers

Two human stool samples positive for D. fragilis were used for
metagenomics experiments. The samples (coded D379 and
D1085) originated from the United Kingdom and belonged to geno-
type 1. Genomic DNA was extracted using the QIAmp Stool DNA
Mini Kit (Qiagen, Milan, Italy). Whole genome amplification
(WGA) of genomic DNA was performed using a commercial kit
(Repli-G Midi, Qiagen) in accordance with the manufacturer’s
instructions. The amplified DNA was visualised by agarose gel elec-
trophoresis, purified using magnetic beads (MagAttract, Qiagen),
and quantified by Nanodrop (ThermoFisher Scientific, Milan, Italy).
Genomic DNA was sequenced by the 454 Roche pyrosequencing
method. Sequencing was performed by the service provider Macro-
gen (http://dna.macrogen.com) using short read chemistry. For the
D379 and D1085 isolates, a total of 455,798 reads comprising
200 Mbp (average length, 426 bp) and a total of 320,894 reads
comprising 137 Mbp (average length, 457 bp) were obtained,
respectively. Raw sequences were analysed using a metagenomics
analysis server (MG-RAST, available at http://metagenomics.
anl.gov/). MG-RAST provides taxonomic classification of sequences
by interrogating both whole reference genomes and ribosomal
databases, and assigns sequences to various taxonomic levels
based on the observed sequence similarity. Sequences matching
any prokaryotic organism were discarded in order to focus on
those that matched eukaryotic genomes or eukaryotic ribosomal
sequences. Among the reference eukaryotic genome sequences,
the species taxonomically closer to D. fragilis is the flagellate
Trichomonas vaginalis. All sequences having a T. vaginalis sequence
as best match upon BLAST searches at the DNA and protein levels
against the National Center for Biotechnology Information (NCBI)
database (non-redundant, as at July 2014) were examined. A con-
servative approach was used to select candidate markers, and only
sequences showing >66% identity with T. vaginalis at the DNA level
were retained.

2.2. Parasite isolates

The D. fragilis-positive stool samples studied are listed in Sup-
plementary Table S1 and were from: (i) stools from 34 outpatients
(15 males and 19 females; mean age, 24.1 years (range, 2–81)),
referred to the San Matteo Hospital, Pavia, Italy, due to gastroin-
testinal complaints. Three individuals submitted two separate
stool specimens collected at different times. The presence of D.
fragilis trophozoites was confirmed by microscopy of fresh faecal
smears. DNA was extracted using a commercial kit (QIAmp Stool
DNA Mini Kit, Qiagen) according to the manufacturer’s protocol.
(ii) Stools from 25 patients from Denmark (13 males and 12
females; mean age, 20.1 years (range, 4–74)) submitted to para-
sitological examination due to gastrointestinal complaints, often
with a specific request to test for Dientamoeba. DNA was extracted
using the NucliSENS easyMag DNA extraction robot (bioMériux
Denmark Aps, Herlev, Denmark) (Andersen et al., 2013). The pres-
ence of D. fragilis DNA was confirmed using real-time PCR (Verweij
et al., 2007). (iii) Stools from 30 patients (10 males and 20 females;
mean age, 29.2 years (range, 2–85)) referred to a diagnostic labora-
tory (Western Diagnostic Pathology, Australia) due to gastroin-
testinal complaints. The most common complaints were
abdominal pain and diarrhoea (10 cases), followed by bloating
(four cases) and cramping (three cases). Two cases each of vomit-
ing and fever, and single episodes of ‘‘altered bowel”, nausea, reflux
and belching were also noted. Three patients had cleared the infec-
tion when tested on a subsequent specimen, but in six other
patients, the infection persisted. Samples tested positive for the
parasite by a Multiplex Real-Time PCR assay (TIB MOLBIOL Light-
Mix� Modular Dientamoeba fragilis, Roche Diagnostics, Australia).
Nucleic acids from stool samples were extracted using the auto-
mated MagNA Pure 96 system. (iv) Stools from 19 asymptomatic
individuals (9 males and 10 females; mean age, 23.1 years (range,
4–64)) living in two Brazilian fishing villages in the State of São
Paulo (David et al., 2015). DNA was extracted from stools using a
commercial kit (QIAmp Stool DNA Mini Kit, Qiagen) according to
the manufacturer’s protocol.

It should be noted that the D. fragilis-positive stool samples
studied here were not selected based on already available geno-
type information.

2.3. PCR and sequence analyses

PCR primers designed using Primer-Blast (http://www.ncbi.
nlm.nih.gov/tools/primer-blast/) were developed for nested PCR
assays for candidate markers, as well as for the large subunit of
RNA polymerase II (Rpb1; Malik et al., 2011). A fragment of the
ssrDNA gene was amplified as described previously (Cacciò et al.,
2012). Table 1 lists the markers, the proteins putatively encoded,
and the primers used for amplification. PCR was performed using
25 lL of 2X GoTaqGreen (Promega, Madison, WI, USA), 10 pmol
of each primer, 2.5–5.0 lL of DNA, and nuclease-free water up to
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Table 1
List of the novel genetic markers for Dientamoeba fragilis. The putative genes encoded, the primers for first and secondary (nested) PCR and the expected size of the amplification
products are indicated.

Gene/read name Forward primer Reverse primer Amplicon
size (bp)

14-3-3/HN5VD3C02IP3JE BEF1 50-GCCCTAAATTTTGATCAAACAGAAC-30 BER1 50-GACAAGCAAGAACCAGCTAGCAAGGCT-30 414
nested forward nested reverse
BEFN2 50-GTTGGTCGTGACAATCTTGCCCGT-30 Not designed 236

Laminin A/HN5VD3C02IT0P8 BXF1 50-CTGGATCGCCTTGTGAATAAT-30 BXR1 50-ATTTGGTGTTAAGCCAACAG-30 329
nested forward nested reverse
BXFN2 50-AAGGTCTTAATACGTGGAGC-30 BXRN2 50-TTGCAATTTGGTGTTAAGCC-30 266

TKL protein kinase/HN5VD3C02GJVEG CAF1 50-TGCGATTTTGGATTCTCTAGAAAGG-30 CAR1 50-TTGGATCACGAGCCCAACAA-30 300
nested forward nested reverse
CAFN2 50-CGATTTTGGATTCTCTAGAAAGGCT-30 CARN2 50-CTGAGCTGAGACGTTTGAAG-30 258

Cathepsin L-like cystein peptidase/
HN5VD3C02GUAZI

AFF1 50-GTTGGTTGCGTTGGTTATGGT-30 AFR1 50-AGCTGGATTGGATGTCTGGAA-30 348
nested forward nested reverse
AFFN2 50-TGCGTTGGTTATGGTTCAGAGA-30 AFRN2 50-TGGAATGTGTTCATGGTTAAGCG-30 326

Clan Sc, family S9, serine peptidase/
HN5VD3C02G1LCP

FSF1 50-AGCTGGTGCTGGTGCCTTAT-30 FSR1 50-ATGTGCTCTGCGATTGCGATA-30 435
nested forward nested reverse
FSFN2 50-TGGTGCTGGTGCCTTATCAA-30 FSRN2 50-AAGGTAATGGGCACAGCCAA-30 357

Clan MH, family M20 metallo-peptidase/
HN5VD3C02G5WKR

FCF1 50-GATACTGTTTTCCCACTCCGC-30 FCR1 50-AGATCGCCAGTGCCTTCTGT-30 392
nested forward nested reverse
FCFN2 50-CGCGAGAACTGGAAGAATGTT-30 FCRN2 50-GCCAGTGCCTTCTGTGAGG-30 379

Table 2
Information on the Dientamoeba fragilis loci, tested isolates and their geographic origin, alleles detected, and availability of genotype 2 information.

Locus Number of genotype 1 isolates tested Geographic origin Alleles detected in genotype 1 Genotype 2
information

Laminin A 78 Europe, Australia,
Brazil

1 No

TKL family, protein kinase 79 Europe, Australia,
Brazil

1 Yes

Cathepsin L-like cystein peptidase 94 Europe, Australia,
Brazil

4 No

Clan Sc, family S9, serine peptidase 76 Europe, Australia,
Brazil

1 No

Clan MH, family M20 metallo-peptidase 101 Europe, Australia,
Brazil

2 Yes

Large subunit of RNA polymerase II, RpbI 49 Europe, Australia 3 No
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a final volume of 50 lL. Reactions were performed on a Perkin
Elmer 9700 apparatus (Life Technologies, Carlsbad, CA, USA). Ali-
quots (5–10 lL) of PCRs were loaded on 1.5% agarose gel stained
with ethidium bromide. PCR products were purified using spin col-
umns (QiaQuick PCR purification kit, Qiagen) and sequenced along
both strands using the ABI PRISM�BigDyeTM Terminator Cycle
Sequencing Kit (Life Technologies) according to the manufacturer’s
instructions. The sequencing reactions were analysed using an ABI
PRISM� 3100 automatic sequencer (Life Technologies). Chro-
matograms were edited and assembled using the SeqMan 7.1 soft-
ware package (DNASTAR, Madison, WI, USA).

2.4. Population genetic structure

Each distinct allele observed by sequencing was assigned a
unique number; a Multi-Locus Genotype (MLG) was then defined
by combining the alleles at each genetic locus. The eBURST soft-
ware (http://eburst.mlst.net/default.asp) was used to visualise
the structure of the D. fragilis population. Using this method, the
clonal nature of related genotypes and putative ‘‘founder” geno-
types could be visualised (Feil et al., 2004). The most stringent set-
ting was used, and only single-locus variants (SLVs) differing at one
locus only were assigned to the same cluster (table. 2).

2.5. Data accessibility

Metagenomics datasets are publicly available at MG-RAST
(http://metagenomics.anl.gov/) with the following accession:
MG-RAST ID 4505663.3 and 4505700.3. Results of BLASTn and
BLASTx searches are available at https://data.mendely.com
(http://dx.doi.org/10.17632/f4kvy5yj4b.1). Nucleotide sequence
data reported in this paper are available in the GenBankTM, EMBL
and DDBJ databases under the accession numbers KX669659–
KX669671.
3. Results

3.1. Identification of D. fragilis genetic markers

A very small fraction (<1%) of the DNA sequences generated by
pyrosequencing of total DNA from two D. fragilis-positive stool
samples (D379 and D1085; genotype 1) was classified as being of
eukaryotic origin (data not shown). Out of these predicted eukary-
otic sequences, we focused on those having significant similarity to
T. vaginalis. This procedure identified a few hundred sequences
putatively originating from D. fragilis, from which we further
selected those with the highest similarity at the DNA and protein
level. This approach resulted in inclusion of coding sequences only.

Six loci were selected, putatively encoding for a cathepsin L-like
cysteine peptidase, a laminin A family protein, a TKL family protein
kinase, a peptidase T-likemetallo-peptidase, a serine peptidase, and
a 14-3-3 protein (Table 1). Using the primers developed for
the nested PCR assays, DNAs extracted from the D. fragilis-positive
stools were tested. Specific amplicons of the expected size were
observed for all markers, except for the 14-3-3 protein marker
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gene, supporting a genuine origin of these markers from the
parasite’s genome (data not shown).

We also designed a nested PCR assay to amplify a 430 bp
segment of Rpb1 (Table 1), one of the few available markers for
D. fragilis. Finally, D. fragilis isolates were also genotyped using
ssrDNA.
MLG4
(IT)

MLG3
(IT, DK)

MLG7
(IT)

MLG5
(IT)

MLG6
(IT, AUS)

MLG2
(IT)

MLG1
(IT, AUS
DK, BR)

Fig. 1. eBURST analysis of Dientamoeba fragilis multi-locus genotypes (MLGs) from
four countries (IT, Italy; DK, Denmark; AUS, Australia; BR, Brazil). Single-locus
variants are connected. Sizes of the circles are proportional to MLG abundance.
3.2. Sequence analysis and population structure

We investigated sequence polymorphism across the selected
loci among D. fragilis isolates collected in Italy (n = 37), Denmark
(n = 25), Australia (n = 30) and Brazil (n = 19).

For the locus encoding a putative cathepsin L-like cysteine pep-
tidase, PCR products from 94 isolates (34 from Italy, 24 from Den-
mark, 17 from Australia and 19 from Brazil) were sequenced. The
amplified fragment encompasses the putative 30-end of the cathep-
sin L-like cysteine peptidase (210 bp), an intergenic sequence
(94 bp), and the putative 50-end of a small Rab GTPase (RabC7;
114 bp). When compared with the sequences obtained from
metagenomics experiments, only four isolates showed single
nucleotide substitutions (SNPs). Specifically, one isolate from Italy
(Pv10) and one from Denmark (Den11) shared a single SNP,
whereas another isolate from Italy (Pv24) had two SNPs. Finally,
one isolate from Italy (Pv19) had two SNPs in the putative inter-
genic sequence (Supplementary Fig. S1). The single isolate belong-
ing to genotype 2 (Den19) failed to amplify.

For the locus encoding putative Laminin A, PCR products from
78 isolates (11 from Italy, 24 from Denmark, 24 from Australia
and 19 from Brazil) were sequenced. All sequences were identical
to each other and to the sequences obtained from metagenomics
experiments. The single genotype 2 isolate (Den19) failed to
amplify.

For the locus encoding a putative TKL family protein kinase, PCR
products from 80 isolates (12 from Italy, 25 from Denmark, 24
from Australia and 19 from Brazil) were sequenced. All sequences
were identical to each other and to the sequences obtained from
metagenomics experiments. The sequence from the genotype 2
isolate (Den19) differed from that of genotype 1 by six synony-
mous substitutions (Supplementary Fig. S1).

For the locus encoding a putative Clan MH metallo-peptidase,
PCR products from 102 isolates (34 from Italy, 25 from Denmark,
24 from Australia and 19 from Brazil) were sequenced. Among
the 102 genotype 1 isolates studied, only one isolate from Italy
(Pv5) showed a SNP. The sequence from the genotype 2 isolate
(Den19) differed from genotype 1 by 27 synonymous substitutions
and three non-synonymous substitutions (Supplementary Fig. S1).

For the locus encoding a putative Clan SC serine peptidase, PCR
products from 75 isolates (10 from Italy, 22 from Denmark, 24
from Australia and 19 from Brazil) were sequenced. No SNPs were
observed among the 76 genotype 1 isolates tested. The single geno-
type 2 isolate (Den19) failed to amplify.

Lastly, for the RPB1 locus, PCR products from 49 isolates (17
from Italy, 8 from Denmark and 24 from Australia) were
sequenced. When compared with a D. fragilis sequence (GenBank
accession number HM016222), no SNPs were observed in isolates
from Denmark, whereas one SNP was shared by four isolates from
Italy (Pv 5, 14, 27 and 33) and five isolates from Australia (Au 3, 6,
7, 13 and 22), and another SNP was found in a single Italian isolate
(Pv 32; Supplementary Fig. S1). Genomic DNA from Brazilian sam-
ples was not available at the point when this locus was included in
the study. The single genotype 2 isolate (Den19) failed to amplify.

We identified seven MLGs among the D. fragilis isolates, and
using the eBURST software, we obtained a typical ‘‘star-like” topol-
ogy with the most common MLG (MLG1) placed centrally and a
small number of MLGs connected to it as SLVs (Fig. 1).
4. Discussion

In this study, we have produced novel genetic information on D.
fragilis using metagenomics analysis of total DNA extracted from
two D. fragilis-positive stool samples. As expected, the overwhelm-
ing majority of the DNA sequences reflecting the metagenomics
data was of bacterial origin, and less than 1% originated from
eukaryotic organisms (data not shown). By using similarity to
sequences from the T. vaginalis genome as a selection criterion,
markers potentially originating from the D. fragilis genome were
identified. The candidate D. fragilis sequences comprised structural
genes, proteases and proteins annotated as hypothetical in the T.
vaginalis genome (data available at http://dx.doi.org/10.17632/
f4kvy5yj4b.1); intergenic and repetitive sequences could not be
identified by this procedure.

PCR assays were designed to verify that candidate markers
reflected D. fragilis, and confirmed by sequencing amplicons from
a panel of isolates previously identified as positive for the parasite.
During the course of this study, a transcriptome of in vitro propa-
gated D. fragilis trophozoites was developed by a next generation
sequencing approach (Barratt et al., 2015), and allowed the confir-
mation of our candidate markers as truly originating from the par-
asite’s genome.

Taking into account that a recent study (Stensvold et al., 2013)
found a very low level of polymorphism in two housekeeping
genes (actin and elongation factor 1-a), additional structural genes
and proteases were selected as markers so as to increase the
chances of detecting genetic variability among isolates. More than
100 isolates collected in Europe (Italy, Denmark), Brazil and
Australia were genotyped. All samples, except one, belonged to
genotype 1. This geographically diverse collection comprised cases
of asymptomatic and symptomatic infection in children, adults and
the elderly, represented by both genders. We generated a total of
160 kb of DNA sequences from the selected loci. The result of this
sequencing effort was the identification of an extremely low level
of polymorphism among genotype 1 isolates. Indeed, genetic vari-
ation was absent at loci putatively encoding a TKL family protein
kinase, a Clan SC serine peptidase, and a Laminin A. At the remain-
ing loci, limited polymorphism included two alleles at the locus
encoding a Clan MH metallo-peptidase, and three alleles at the loci
encoding Rpb1 and a cathepsin L-like cysteine peptidase. In con-
trast, larger genetic variability between genotype 1 and 2 was
found, and both synonymous and non-synonymous substitutions
were identified at the loci encoding a TKL family protein kinase
and a Clan MH metallo-peptidase (the only two loci that could
be amplified from genotype 2). It was not possible to assess
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intra-genotype 2 genetic variability due to only a single genotype
2-positive sample.

The present multi-locus sequencing data indicates that D. frag-
ilis genotype 1 comprises a major clone with a large geographic
distribution. Accordingly, the eBURST analysis of MLGs generated
a simple diagram, with the most abundant MLG (MLG1) identified
as a single founder and a small number of MLGs (MLG2 to MLG7)
linked to it as SLVs (Fig. 1). This topology is typical of a clonal
complex that diversifies mostly by point mutations. If confirmed
by the analysis of other markers, this would suggest that the
observed clinical spectrum of infection in humans (symptomatic
versus asymptomatic infection) is not influenced by the genetic
variability of the parasite. Thus, other factors, including host-
derived factors, co-infections with other pathogens, and interac-
tions with the gut microbiota, could play an important role in
the absence or presence of intestinal symptoms in subjects har-
bouring D. fragilis.

The very low level of genetic variation observed in D. fragilis is
remarkable, as most intestinal protists, like those of the genera
Cryptosporidium, Giardia and Blastocystis, show remarkable intra-
species variability, even within coding sequences (Ryan and
Cacciò, 2013; Nichols et al., 2014). However, it is worth recalling
that a very low level of polymorphism was found among isolates
of one of the common human-associated Blastocystis subtypes
(ST4), in sharp contrast with results for another common subtype,
ST3 (Stensvold et al., 2012). It has been suggested that this is the
result of a more recent history of human colonization of ST4 com-
pared with ST3 and other STs.

It is still conceivable that the markers selected for this study are
particularly conserved or physically linked, and that other markers
would have shown more genetic variability. To date, only sequence
variability in the ribosomal intergenic transcribed spacers (ITS) has
allowed development of a method that distinguishes among differ-
ent genotype 1 isolates; yet, for this method to gain applicability, it
requires a simplified analysis of otherwise complex sequencing
chromatograms of ITS amplification products (Bart et al., 2008;
Stark et al., 2012). The development of an informative genotyping
scheme for D. fragilis will probably require the identification of
markers such as simple sequence repeats which are usually more
polymorphic than coding sequences. In turn, this will require an
analysis of parasite isolates at the genome level.

A puzzling observation is the rarity of genotype 2 in humans;
here, only one isolate belonged to genotype 2 from more than
100 isolates studied. This very low prevalence suggests that
humans are not a natural host of this genotype, and that a zoonotic
route involving an unknown animal reservoir may be involved in
the rare transmission of this genotype.

In summary, our data study strongly suggest that the popula-
tion structure of D. fragilis is clonal, as is the case for many other
bacteria, viruses and parasites (Tibayrenc and Ayala, 2014). Due
to its impact on taxonomy and epidemiology of bacterial, viral
and eukaryotic pathogens, understanding parasite population
structure(s) has been the subject of intense research and contro-
versy (Ramírez and Llewellyn, 2014; Tibayrenc et al., 2015). It
should be recalled that clonality does not imply a lack of recombi-
nation, but rather a strongly restrained recombination on an evolu-
tionary scale, and that the main consequences of clonality on
pathogen population structure are linkage disequilibrium and
stable genetic clustering (Tibayrenc et al., 2015). What could be
the advantage of clonality for D. fragilis? At present, it is difficult
to raise an hypothesis, due to a lack of information on how the par-
asite reproduces and whether a form of sexuality is present. Clon-
ality should permit the proliferation of high-fitness, multi-locus
associations and avoid generation of low-fitness recombinants.
Whether the major clone of genotype 1 identified in this work
has higher fitness requires further investigation.
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