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Until recently, monoxenous (one host) trypanosoma-
tids (Kinetoplastida) of insects were a neglected group of 
protists. However, they are attracting increasing interest 
due to their extreme biological diversity combined with 
an unparalleled richness of their insect hosts (Podlipaev 
2001, Maslov et al. 2013). traditional morphology-based 
taxonomy of the family trypanosomatidae put forward 
about half a century ago (Wallace 1966) and extensive-
ly used until present is not supported by modern mo-
lecular data (teixeira et al. 1997, 2011, Yurchenko et al. 
2006a,b, Jirků et al. 2012, Borghesan et al. 2013, Maslov 
et al. 2013). this is exemplified by the canonical genera 

Crithidia léger, 1902 and Leptomonas Kent, 1880, origi-
nally defined by the presence of choanomastigotes and 
promastigotes, respectively, which are clearly polyphylet-
ic. Moreover, morphology of these parasites seems to dif-
fer substantially in the insect host and in the culture, mak-
ing the available morphological traits practically useless 
(Podlipaev et al. 2004, Votýpka et al. 2012a,b). 

to resolve this conflict, a concept of typing units (tUs), 
which represent operational proxies of molecular species, 
was adopted by us and others (Westenberger et al. 2004, 
Maslov et al. 2010, Votýpka et al. 2012a, Borghesan et 
al. 2013). Here, tUs are defined in terms of nucleotide 
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clusters together with the ‘collosoma’ clade (named after ‘Leptomonas’ collosoma Wallace, clark, Dyer et collins, 1960). Here we 
demonstrate that the ‘collosoma’ group represents the elusive genus Wallaceina Podlipaev, Frolov et Kolesnikov, 1999. We redefine 
this genus in molecular terms based on similarities of the respective molecular markers and propose to use this taxon name for the 
group of species of the ‘collosoma’ clade. 
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sequence divergence of the appropriate genetic marker 
(Maslov et al. 2013). three molecular markers – the small 
subunit (ssU) rrNA, the glycosomal glyceraldehyde 
phosphate dehydrogenase (ggAPDH) and the kineto-
plastid-specific spliced leader (sl) rNA gene repeat – are 
routinely used in molecular phylogenetic studies of the 
family trypanosomatidae (Merzlyak et al. 2001, Hamil-
ton et al. 2004, Yurchenko et al. 2006a,b, teixeira et al. 
2011, Jirků et al. 2012, Votýpka et al. 2012b). the first 
two genes are fairly conserved and therefore do not pro-
vide sufficient resolution for discrimination of the closely 
related species and/or subspecies, but they are useful in 
revealing relationships at the generic and/or higher levels. 
the third genetic marker, the sl rNA gene, combines 
conserved and variable features and was proven to pro-
vide adequate resolution power to distinguish species or 
even intra-species populations within the family trypano-
somatidae (Westenberger et al. 2004, Votýpka et al. 2010). 
Because of the small size and substantial sequence diver-
gence of its variable region, the sl rNA marker cannot 
be used for inferring long-distance (above species or sub-
genera) relationships. 

Despite the fact that a new species-rich genus Ble-
chomonas Votýpka et suková, 2013 from fleas (order si-
phonaptera) has been recently described (Votýpka et al. 
2013), over 80% diversity of the monoxenous trypano-
somatids documented so far originates from only two in-
sect orders – Heteroptera and Diptera (Votýpka et al. 2010, 
2012a, Maslov et al. 2013, týč et al. 2013). Furthermore, 
the balance is substantially shifted towards the heteropter-
an hosts, leaving dipterans underinvestigated. one of the 
reasons for this bias could be that most brachyceran flies 
were considered to be infected only by the omnipresent 
Herpetomonas muscarum Kent, 1881 – see Brun (1974). 
However, several recent studies have demonstrated that 
the diversity of trypanosomatids parasitising flies is much 
higher, both within the genus Herpetomonas Donovan, 
1909 (Zídková et al. 2010, Borghesan et al. 2013, týč 
et al. 2013), as well as within the family trypanosoma-
tidae in general (svobodová et al. 2007, teixeira et al. 
2011, týč et al. 2013). the blood-sucking feeding habit 
of many dipteran hosts makes them potential vectors for 
transmission of the monoxenous flagellates to vertebrates 
(Maslov et al. 2013, týč et al. 2013). A few cases of such 
opportunistic infections have been recently documented 
in immunocompromised humans and animals (Morio et 
al. 2008, srivastava et al. 2010, singh et al. 2013). More 
extensive study on biodiversity of the dipteran parasites 
revealed that they can be found in association with differ-
ent clades of monoxenous trypanosomatids and that there 
are no strictly defined boundaries between species para-
sitising the insect orders Heteroptera and Diptera (týč et 
al. 2013). 

over the past few years, clearly polyphyletic status of 
several genera of the family trypanosomatidae has been 

clarified considerably. currently, all three dixenous gen-
era, Trypanosoma gruby, 1843, Leishmania ross, 1903, 
and Phytomonas Bergey, Harrison, Breed, Hammer et 
Huntoon, 1923, are recognised as monophyletic (Maslov 
et al. 1996, 2001, Hamilton et al. 2004), as well as four 
monoxenous genera, Herpetomonas, Sergeia svobod-
ová, Zídková, Čepička, oborník, lukeš et Votýpka, 2007, 
Angomonas souza et corte-real, 1991 and Strigomonas 
lwoff et lwoff, 1931 – see svobodová et al. (2007), teix-
eira et al. (2011), Borghesan et al. (2013). in a broad sense, 
the genus Blastocrithidia laird, 1959 could also be con-
sidered monophyletic (Maslov et al. 2001, Podlipaev et al. 
2004, Maslov et al. 2010). 

the main confusion rests within the subfamily leish-
maniinae, which is composed of the above-mentioned 
polyphyletic genera Crithidia and Leptomonas, as well 
as several representatives of the genus Wallaceina Podli-
paev, Frolov et Kolesnikov, 1999 (Merzlyak et al. 2001, 
Podlipaev et al. 2004, Votýpka et al. 2010, 2012a, Jirků 
et al. 2012, týč et al. 2013). recent studies also demon-
strated emergence of several new taxonomic clades that 
may represent new genera or even subfamilies of the fam-
ily trypanosomatidae (Flegontov et al. 2013, Maslov et 
al. 2013, Votýpka et al. 2013). our results presented here 
clarify this rather confusing situation. Along with the de-
scription of four new species, we propose to redefine the 
genus Wallaceina and show that it constitutes a separate 
monophyletic group of trypanosomatids.

MATeriALs AND MeTHoDs

Parasite isolation and establishing of cultures 
insect collection, dissection and microscopic examination of 

the intestinal content were performed as described previously 
(Maslov et al. 2007, Yurchenko et al. 2008, 2009, týč et al. 2013). 
Primary cultures of parasites were established in the Brain Heart 
infusion (BHi) medium supplemented with 10 µg/ml of hemin. 
to prevent bacterial contamination, the following antibiotics 
were used: 500 units/ml of penicillin, 0.5 mg/ml of streptomycin 
or 0.5 mg/ml of gentamycin. obtained cultures are deposited in 
the collections of the charles University in Prague, life science 
research centre of the University of ostrava, and institute of 
Parasitology in České Budějovice, czech republic. 

Light and electron microscopy
light microscopy of giemsa or 4',6-diamidino-2-phe-

nylindole (DAPi) stained smears was performed as described 
by Yurchenko et al. (2008). All measurements were taken on 
giemsa-stained samples and are expressed in micrometres (µm) 
unless otherwise indicated. For scanning electron microscopy 
(sEM), cultured cells were fixed in 2.5% (v/v) glutaraldehyde 
in 0.1 M phosphate buffer (pH 7.2). then followed transfer to 
the poly-L-lysine-coated coverslips, post-fixation in 2% oso4 
in 0.1 M phosphate buffer for 2 h, dehydration in an ascending 
acetone series, critical point-drying with co2 in Pelco cPD2 
(ted Pella inc., redding, cA, UsA), and sputtering with gold 
in a sputter coater Polaron chamber (Polaron ltd., Watford, 
UK). the cells were observed using a JEol 7401-F microscope 
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(Jeol Europe, Prague, czech republic) at accelerating voltage 
of 80 kV.

High-pressure freezing (HPF) is a very rapid method of cryo-
immobilization of biological samples by exposing them to liq-
uid nitrogen under a pressure of 2 × 108 Pa, which prevents the 
formation of cubic and hexagonal ice crystals that could dam-
age the cells’ ultrastructure (richter 1994). Using HPF, samples 
up to 200 µm thick can be frozen without such ice crystals. 
trypanosomatid cells were concentrated by centrifugation and 
the compact pellet was mixed with a drop of 20% bovine serum 
albumin and centrifuged for 1 min at 3 000 rpm. Approximate-
ly 1 µl of cell suspension was directly transferred onto a flat 
specimen carrier (leica Microsystems, Vienna, Austria) made 
of gold-plated copper (height 0.5 mm, inner diameter 1.2 mm, 
depth 0.2 mm) and mounted in a rapid loader for HPF. the 
specimen carrier was tightly sealed and samples were frozen at 
a pressure of 2 × 108 Pa for 5 s in a high pressure freezer EM 
PAct2 (leica Microsystems). Following freezing, the flat spec-
imen carriers were separated from the loading device pods un-
der liquid nitrogen and transferred into screw-capped containers 
filled with the frozen substitution medium (2% oso4 in 100% 
acetone) pre-cooled to -90 °c. the containers were then placed 
into a freeze-substitution system leica AFs (leica Microsys-
tems) and samples were substituted for 96 h at -90 °c, followed 
by warming to -20 °c at +5 °c/h. After 24 h at -20 °c, warming 
was continued at +3 °c/h to +3 °c, and then the samples were 
maintained for 8 h at +3 °c and subsequent 18 h at +4 °c. 

For one of the cultured isolates (EcU-07), several modified 
substitution protocols were applied. three different substitution 
media: (i) 2% oso4 in 100% acetone followed by 0.3% H2o; 
(ii) 2% oso4 in 100% acetone followed by 0.2% uranyl acetate; 
and (iii) 2% oso4 in 100% acetone followed by 1% thiocar-
bohydrazide in H2o for 5 min and then by 2% oso4 in 100% 
acetone (a so-called oto method) were compared side-by-side. 
these methods were used to enhance membrane contrast and to 
achieve a better preservation of cellular structures (Willingham 
and rutherford 1984). subsequently, the specimens were rinsed 
three times with anhydrous acetone and infiltrated in a series of 
acetone: Epon resin mixes (2 : 1, 1 : 1 and 1 : 2 for 1 h at each 
step at room temperature). After overnight incubation in pure 
Epon resin, material was released from the HPF carrier; whole 
specimen carriers were embedded in fresh Epon resin and po-
lymerized for 48 h at +62 °c. Ultrathin sections (70 nm) were 
cut using a Uct ultramicrotome (leica Microsystems) and col-
lected on copper grids, which were contrasted in ethanolic ura-
nyl acetate and lead citrate, and observed in a JEol 1010 tEM 
microscope (Jeol Europe) at an accelerating voltage of 80 kV. 
images were captured using a Mega View iii camera (olympus 
soft imaging solutions, Münster, germany).

Bernhard’s EDtA regressive staining was done according 
to the previously published protocols (Bernhard 1969, gluenz 
et al. 2007). thin sections were stained with 3% aqueous ura-
nyl acetate for 10 min, washed in H2o and placed on a drop 
of 0.2 M EDtA, pH 7.0 for 15 min. to control reversibility of 
staining, some sections were re-stained with 3% aqueous uranyl 
acetate. Before analysis, both uranyl acetate-stained and ED-
tA-bleached sections were treated for 1 min with lead citrate. 
Bernhard’s EDtA regressive staining method (Bernhard 1969) 
can differentiate between the ribonucleoprotein and deoxyribo-
nucleoprotein complexes, the former being resistant to EDtA-
driven uranyl acetate removal (Moyne 1980).

Yurchenko et al.: trypanosomatids from flies

PCr amplification, cloning and sequencing
total genomic DNA was extracted from 10 ml of the axeni-

cally grown cultures using High Pure Pcr template Preparation 
Kit (roche Diagnostics, Mannheim, germany) according to the 
manufacturer’s protocol. For Pcr amplification of the sl rNA 
gene repeat, the M167 and M168 primers (Westenberger et al. 
2004) were used at amplification conditions published previ-
ously (Maslov et al. 2007). Pcr products were cloned into the 
pgEM-t Easy Vector system (Promega, Madison, Wi, UsA) 
or pcr2.1 (life technologies, carlsbad, cA, UsA), and se-
quenced and analysed as described in Yurchenko et al. (2006a). 
the ggAPDH gene was Pcr amplified using the M200 and 
M201 primers and the conditions according to Yurchenko et al. 
(2006a,b) and Maslov et al. (2010), and directly sequenced as 
described elsewhere (Votýpka et al. 2013). 

the genBank accession numbers for the new sequences 
determined in the course of this work are KF482057 (EcU-07 
ggAPDH), KF482058 (EcU-08 ggAPDH), KF482059 (MMo-
09 ggAPDH), KF482060 (McZ-11 ggAPDH), KF482061 
(g15 ggAPDH), KF482062 (EcU-07 sl), KF482063 (EcU-08 
sl), KF482064 (MMo-09 sl), and KF482065 (McZ-11 sl), 
KF482066 (g15 sl). 

Phylogenetic analyses
Phylogenetic analyses were performed as described earlier 

(Votýpka et al. 2012a,b, týč et al. 2013). Briefly, only the most 
conserved section of the sl rNA repeats, starting at position 

-100 upstream of the exon and ending at the 3' end of the intron, 
were aligned by clustal-X ver. 2.0 (thompson et al. 2002) and 
used for species comparisons by neighbor joining clustering 
with K2P distances using PAUP* v4.b10 (swofford 2001). the 
90% cut-off level applied to the sl rNA sequence was used to 
delineate individual tUs (Maslov et al. 2007, 2013, Votýpka et 
al. 2010, 2012a).

the concatenated ssU rrNA and ggAPDH sequences were 
aligned by using Kalign (http://www.ebi.ac.uk/tools/msa/ka-
lign/) and the resulting alignments were edited manually using 
BioEdit 7.0.9.0 to remove the fast-evolving regions of ssU 
rrNA preventing unambiguous alignment. the final concatenat-
ed alignment included 3 105 characters and the accession num-
bers of the ggAPDH, ssU rrNA, and sl rNA gene sequences 
retrieved from geneBank and used in phylogenetic reconstruc-
tions are available upon request from authors. 

Phylogenetic analyses of the ssU rrNA and ggAPDH data-
sets were performed with MrBayes 3.2.1 program (ronquist et 
al. 2012) (Bayesian criteria: rates for six different types of sub-
stitution, proportion of invariant sites and shape parameter of the 
gamma correction for the rate heterogeneity with four discrete 
categories were allowed to vary; the covarion model was used 
to allow the rate heterogeneity along the tree; the Markov chain 
Monte carlo was run for five million generations), PhyMl for 
maximum likelihood (guindon et al. 2009) (Ml criteria: the 
best-fitting model gtr + i + Г of the sequence evolution was 
searched using Modeltest 3.7 – Posada and crandall 1998, and 
bootstrapped with 1 000 replicates) and PAUP* v4.0b10 (swof-
ford 2001) for maximum parsimony (MP criteria: using ten repli-
cates of heuristic search, tr/tv ratio 1 : 2; the starting tree was ob-
tained by the stepwise addition procedure with a random order of 
taxa addition and swapped using the tree bisection-reconnection 
algorithm and bootstrapped with 1 000 replicates, each with ten 
replicates of random taxa addition with tBr branch swapping). 
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resULTs 

isolation of four new trypanosomatid species

the hosts of all four newly described trypanosomatid 
species belong to the Brachycera flies (Diptera) sampled 
in various countries: the strains EcU-07 and EcU-08 
were obtained from the undetermined species of the genus 
Ravinia robineau-Desvoidy (sarcophagidae) and the un-
determined species of the genus Eristalis latreille (syr-
phidae), respectively, captured in otongatchi, Ecuador in 
2008. the strain MMo-09 originated from Pachycerina 
vaga Adams (lauxaniidae) sweep netted in Moramango, 
Madagascar in 2010 and the strain McZ-11 was isolated 
from Cordilura albipes Fallén (scathophagidae) captured 
in Prague Botanical garden, Prague, czech republic in 
2011. Phylogenetic analysis based on ssU rrNA of envi-
ronmental samples obtained from these flies was present-
ed elsewhere (týč et al. 2013). it demonstrated that these 
organisms belong to different branches of monoxenous 
trypanosomatids and defined them as new tUs, i.e. poten-
tially new species according to the previously described 
criteria for species discrimination (Westenberger et al. 
2004, Maslov et al. 2013). the isolates EcU-07, EcU-08, 
MMo-09 and McZ-11 were defined as tU110, tU104, 
tU105, and tU103, respectively. 

All four strains are available in axenic cultures and 
the molecular analysis of their sl rNA gene repeats did 
not reveal any mixed infection (data not shown). the en-
vironmental samples MMo-09 and McZ-11 were also 
monospecific (týč et al. 2013). importantly, for both 
EcU-07 and EcU-08, the organisms recovered in cul-
ture did not represent the parasites dominating the en-
vironmental samples obtained from the insect intestines 
(tU116/Angomonas desouzai Fiorini, 1989, and tU127, 
respectively) (týč et al. 2013) as judged by their mor-
phology and subsequent phylogenetic studies (see below). 
All four flagellates have been chosen for further molecu-
lar phylogenetic analysis, morphological characterization 
and ensuing formal taxonomic description. 

Morphological and ultrastructural characterization 

Examination of the EcU-07, EcU-08, MMo-09 and 
McZ-11 axenic cultures by light and electron microscopy 
(Figs. 1–4) did not reveal any species-specific features, 
but the application of the HPF protocol proved suit-
able for the preservation of subtle or rarely observed ul-
trastructural features. As in several similar cases (Yurch-
enko et al. 2008, 2009, Maslov et al. 2010, teixeira et al. 
2011, Jirků et al. 2012, Borghesan et al. 2013), the unique 
ssU rrNA, ggAPDH, and sl rNA sequences represent 
the only reliable diagnostic characters. Nevertheless, to 
comply with established practices for formal species de-
scription, morphological description of the new isolates is 
presented below. Each of them exhibited features found 
in a typical trypanosomatid cell, e.g. oval nucleus, elec-
tron-dense kinetoplast disc in a reticulated mitochondrion 

rich with tubular cristae, singular flagellum supported by 
a paraxonemal rod, basal bodies, etc. the high resolution 
achieved with the HPF protocol allowed the observation 
of multiple viral particles in the cytosol of MMo-09 and 
even in the mitochondrion of McZ-11 (see below). 

Phylogenetic analyses 

sl rNA sequence of EcU-07 (KF482062, 612 nt) was 
85% homologous with a sequence obtained from ‘Lepto-
monas’ collosoma Wallace, clark, Dyer et collins, 1960 
(s76723). Based on the 90% threshold rule (Maslov et 
al. 2007), it represents a separate typing unit (tU110) in 
agreement with previously published results (týč et al. 
2013). sequences obtained from all three other isolates 
in this work – EcU-08 (KF482063, 262 nt), MMo-09 
(KF482064, 886 nt), and McZ-11 (KF482065, 854 nt) – 
were homologous between 46 and 62%, thus clearly rep-
resenting separate typing units, defined as tU104, tU105, 
and tU103, respectively, as was shown elsewhere (týč 
et al. 2013). 

Judged from their sl rNA sequence similarity, the 
closest relative of EcU-08 is isolate g15 (tU83) from the 
true bug Rhynocoris rapax stål (Heteroptera: reduvii-
dae) captured in ghana in 2009, which is also available in 
culture (Votýpka et al. 2012a). its sl rNA sequence was 
also determined in the course of this work and submit-
ted to genBank under the accession number KF482066. 
Moreover, Crithidia abscondita Maslov et lukeš, 2009 
isolate 127Al, and Leptomonas scantii Votypka, lukeš et 
Maslov, 2012 isolate F221 (Yurchenko et al. 2009, Votýp-
ka et al. 2012b) group together with EcU-08. 

MMo-09 shows similarity with several species and 
isolates described as Leptomonas, namely Leptomonas 
sp. isolate c4, L. podlipaevi Yurchenko, lukeš, Xu et 
Maslov, 2006 and L. peterhoffi Podlipaev, 1985 (Podli-
paev et al. 2004, Yurchenko et al. 2006b, 2009), whereas 
the strain McZ-11 falls into the same tU (tU103) as an 
environmental isolate McZ-04_envi from the brachycer-
an fly Coenosia albocornis Meigen (Muscidae) captured 
in Předboř, czech republic. this tU is close to Crithidia 
permixta Maslov et lukeš, 2009 isolate 128si (Yurch-
enko et al. 2009). 

to better demonstrate phylogenetic relationships 
among the newly described and known trypanosomatids, 
a comprehensive sl rNA-based dendrogram has been 
built (Fig. 5). it revealed a close association of EcU-07 
with the so-called ‘collosoma’ clade. in addition to the 
prototypical ‘collosoma’ species (see below), this group 
also includes an environmental isolate McZ-09_envi 
(tU111) from the brachyceran fly of the family lauxanii-
dae captured in Prague (týč et al. 2013). the sl rNA se-
quences from axenic cultures of EcU-08, MMo-09, and 
McZ-11 cluster within the clade recently ranked as the 
subfamily leishmaniinae – Jirků et al. (2012). 

As discussed above, the sl rNA gene repeat does not 
uphold sufficient phylogenetic signal and therefore can-
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not be used for inferring relationships between groups 
above the level of species/subspecies complexes. in 
practice it means that unreliable or not highly supported 
branches must be confirmed independently using other 
genetic markers. the ssU rrNA + ggAPDH-based phy-
logeny shown in Fig. 6 correlates very well with the sl 
rNA-based reconstruction presented in Fig. 5 and with 
previously published data on environmental and selected 
cultured isolates (týč et al. 2013). three isolates, EcU-
08, MMo-09 and McZ-11, show affinities to different 
clades (potential genera) within the subfamily leishma-
niinae (see taxonomic summary). two isolates, EcU-08 
and McZ-11 match well with two different groups rep-
resented mainly by species of Crithidia, whereas MMo-
09 clusters together with several previously described 
isolates of the genus Leptomonas, which is most closely 
related to Leishmania. However, phylogenetic position of 
MMo-09 is not very stable. importantly, in all phyloge-
netic reconstructions, the isolate EcU-07 groups within 
the previously described ‘collosoma’ clade (see taxo-
nomic summary and discussion). 

class Kinetoplastea Honigberg, 1963 emend. 
Vickerman, 1976 
subclass Metakinetoplastina Vickerman, 2004
order Trypanosomatida Kent, 1880 
Family Trypanosomatidae Doflein, 1901

Wallaceina Podlipaev, Frolov et Kolesnikov, 1999, 
emend. Votýpka, Yurchenko et lukeš, 2014 

synonym: Proteomonas Podlipaev, Frolov et Koles-
nikov, 1990 (preoccupied). 

emended generic diagnosis: A well-supported mono-
phyletic group of monoxenous trypanosomatids of in-
vertebrate hosts (e.g. Heteroptera and Diptera) without 
bacterial endosymbionts. it is defined by a set of unique 
sequences of ssU, ggAPDH and sl rNA genes. Molec-
ular phylogenetic analyses confirm this genus as a mem-
ber of the family trypanosomatidae; however, it cannot 
be associated with any valid genera of either monoxenous 
or dixenous trypanosomatids. characteristic for the ge-
nus Wallaceina, namely the presence of endomastigotes 
described in the previous generic description (Podlipaev 
et al. 1990, Bulat et al. 1999), is no longer valid as a di-
agnostic feature of the genus; however, this morphotype 
could be encountered in situ or in culture. 

remarks. the genus Wallaceina was introduced by 
Podlipaev, Frolov et Kolesnikov in 1999 in honor of Dr. 
F.g. Wallace. they proposed this nomen novum to re-
place the previous generic name Proteomonas erected by 
the same authors, Podlipaev, Frolov and Kolesnikov in 
1990. the original name Proteomonas represents a jun-
ior homonym of Proteomonas Hill et Wetherbee, 1986, 
a marine cryptophyte (Podlipaev et al. 1990, Bulat et 
al. 1999, Podlipaev and Frolov 2000). in addition to the 
type species, Wallaceina inconstans (Podlipaev, Frolov 

et Kolesnikov, 1990), several other species have been as-
signed to the genus Wallaceina due to the presence of en-
domastigotes in the culture – Wallaceina brevicula (Podli-
paev, Frolov et Kolesnikov, 1990), Wallaceina podlipaevi 
(Podlipaev, 1985), and Wallaceina vicina Malysheva et 
Frolov, 2004. subsequent molecular analysis of available 
axenic cultures of the above-mentioned species has dem-
onstrated that these trypanosomatids represent different 
groups of the family trypanosomatidae (Bulat et al. 1999, 
Merzlyak et al. 2001, Kostygov et al. 2004, Malysheva 
and Frolov 2004, 2009). Most of them clustered together 
within the subfamily leishmaniinae, the prominent ex-
ception being Wallaceina sp. Wsd, which was found to be 
a member of the ‘collosoma’ clade (Podlipaev et al. 2004). 

survey of species 
(i) Currently valid, non-cultivated species:

(1) Wallaceina inconstans (Podlipaev, Frolov et Koles-
nikov, 1990) isolated from Calocoris sexguttatus Wagner 
(Heteroptera), White sea coast, North-West russia. this 
is the type species of Wallaceina. 

remarks. the available axenic cultures and se-
quences assigned to Wallaceina inconstans (AF153044, 
EU088282, EU088281, EU088280, EU076608, 
AJ401356, AJ401382, AF124056, and AF121798) may 
represent another species. 

(2) Wallaceina brevicula (Podlipaev, Frolov et Koles-
nikov, 1990) isolated from Nabis brevis scholtz (Heterop-
tera), White sea coast, North-West russia. 

remarks. the available axenic cultures and sequences 
assigned to Wallaceina brevicula (AF153045, EU088279, 
EU088278, EU088277, AF316620, AJ401357, Z32854, 
and AJ401378) may represent another species. 

(3) Wallaceina podlipaevi (Podlipaev, 1985) isolated 
from Nabicula flavomarginata scholtz (Heteroptera), 
North-West russia. 

remarks. the available axenic cultures and sequences 
assigned to Wallaceina podlipaevi (JN944133) may rep-
resent another species. 

(4) Wallaceina vicina Malysheva et Frolov, 2004 iso-
lated from Gerris rufoscutellatus latreille (Heteroptera), 
North-West russia. 

remarks. the available axenic cultures assigned to 
Wallaceina vicina may represent another species.

remarks. All these species belong to the genus Walla-
ceina based on their original morphological descriptions 
(e.g. presence of endomastigotes). Upon prolonged cul-
tivation, this morphotype was effectively substituted by 
better adapted promastigotes of Leptomonas or Crithidia 
species of the subfamily leishmaniinae.

the isolate Wallaceina sp. Wg of Malysheva and Frol-
ov (2004) was isolated from Gerris rufoscutellatus (Het-
eroptera) in North-West russia and classified as Wallacei-
na based on its morphology. Endomastigotes predominant 
during the isolate description were lost during cultivation. 

Yurchenko et al.: trypanosomatids from flies



102

Ahead of print online version

the available axenic cultures assigned to Wallaceina sp. 
Wg may represent another species.

(ii) New combinations
(5) Wallaceina (Leptomonas) collosoma (Wallace, 

clark, Dyer et collins, 1960) Votýpka, Yurchenko et 
lukeš, comb. n. this species corresponds to former lep-
tomonas collosoma isolated from Gerris dissortis Drake 
et Harris (Heteroptera), Minneapolis, UsA.

(6) Wallaceina (Leptomonas) rigida (Podlipaev, Maly-
sheva et Kolesnikov, 1991) Votýpka, Yurchenko et lukeš, 
comb. n. this species corresponds to former leptomonas 
rigidus isolated from Salda littoralis linnaeus.

(Heteroptera), White sea coast, North-West russia.
remarks. Both species are available in culture and 

belong to the genus Wallaceina based on their phyloge-
netic position. Wallaceina sp. Wsd, isolated by s. Podli-
paev from Salda littoralis (Heteroptera), White sea coast, 
North-West russia, and available in culture, represents 
another member of this genus. 

(iii) New species
Wallaceina raviniae Votýpka et lukeš sp. n.  Fig. 1

species diagnosis: cells of Wallaceina raviniae typi-
cal oval-shaped choanomastigotes, 4.7–8.6 (6.2 ± 0.7, i.e. 
mean ± sD; n = 50) long and 1.7–4.7 (3.2 ± 0.5; n = 50) 
wide. larger promastigotes less abundant 6.2–10.5 in 
length (8.7 ± 0.7; n = 29), 1.5–3.5 in width (2.5 ± 0.3; 
n = 29), endomastigotes very rare. Flagella ranges 
3.6–12.1 (8.2 ± 2.5; n = 50) long in choanomastigotes, 
and 8.3–16.0 (12.4 ± 1.2; n = 29) in promastigotes and 
promastigote-like forms. ratio of length of flagellum per 
length of cells almost constant (1.3 to 1.4) in all morpho-
types analysed. 

Distance from kinetoplast to anterior end of cell 
1.3–4.3 (2.9 ± 0.7; n = 50) in choanomastigotes and 
1.3–3.5 (2.1 ± 0.4; n = 29) in promastigotes. Multiple 
acidocalcisomes, dispersed rather regularly throughout 
cytoplasm appear prominently stained in giemsa smears. 
Kinetoplast 300–700 nm (486 ± 120 nm; n = 21) in length 
and 90–200 nm (134 ± 29 nm; n = 21) in width. Flagellar 
pockets filled with highly abundant helically structured 
electron dense material. 

the species is identified by the unique sequences with 
the following genBank accession numbers: Kc205996 
(ssU), KF482057 (ggAPDH) and KF482062 (sl), and 
belongs to tU110. 

t y p e  h o s t :  Fly Ravinia sp. (Diptera: Brachycera: sarcoph-
agidae), female. Xenotype (2008/E-DiPt07/M) deposited at 
charles University, Prague. 

s i t e :  intestine (hindgut: rectal ampulla).
t y p e  l o c a l i t y :  Vicinity of otongatchi, western edge of the 

cloud forest (00°19'35.3''s; 78°55'19.5''W), Ecuador. 
t y p e  m a t e r i a l :  Hapantotype (giemsa-stained slide 

2008/E-DiPt07/s) and axenic culture (EcU-07) deposited 

at charles University, Prague. 
E t y m o l o g y :  the species name is a feminine derived from 

the name of the fly host (Ravinia sp.). 

remarks. the overall morphology of W. ravinae is 
very similar to that of W. collosoma comb. n. isolated in 
the 1960’s from a true bug (Heteroptera) of the genus Ger-
ris Fabricius (Wallace et al. 1960) and W. rigida from an-
other true bug, Salda littoralis (see Podlipaev et al. 1991). 

subfamily Leishmaniinae Maslov et lukeš, 2012

Crithidia otongatchiensis Votýpka et lukeš sp. n.  Fig. 2

species diagnosis: Majority of cultured Crithidia 
otongatchiensis cells typical choanomastigotes with no 
species-specific diagnostic features discernible by light 
or electron microscopy; 4.3–7.3 (6.1 ± 0.5) in length and 
2.6–5.0 (3.7 ± 0.4; n = 50) in width, with flagella 5.5–13.7 
(10.2 ± 1.4; n = 50). Minor promastigote-like morphotype 
represented by cells 8.7–11.0 (9.6 ± 0.5; n = 18) long and 
1.8–3.8 (2.9 ± 0.3; n = 18) wide, with flagellum 7.5–14.3 
(10.9 ± 2.2; n = 18) long. Average ratio of length of flagel-
lum to length of cells approximately 1.7 for choanomas-
tigotes and 1.1 for promastigotes. Pre-nuclear kinetoplast 
is positioned within 0.2 to 2.4 (1.3 ± 0.5; n = 50) in cho-
anomastigotes and within 1.5 to 4.3 (2.4 ± 0.8; N = 18) in 
promastigotes from the nucleus. 

Distance from kinetoplast to anterior end of cell 1.6–3.7 
(2.2 ± 0.3; n = 50) in choanomastigotes and 1.5–3.6 (2.5 
± 0.4; n = 18) in promastigotes. Acidocalcisomes are de-
tectable in giemsa-stained smears. Kinetoplast densely 
packed disc 450–900 nm (652 ± 122 nm; n = 15) long and 
290–400 nm (337 ± 39 nm; N = 15) wide. 

the species is identified by the unique sequences with 
the following genBank accession numbers: Kc205989 
(ssU), KF482058 (ggAPDH) and KF482063 (sl), and 
belongs to tU104. 

t y p e  h o s t :  Fly Eristalis sp. (Diptera: Brachycera: syrphi-
dae), male. the xenotype (2008/E-DiPt08/M) is deposited 
at charles University, Prague.

s i t e :  intestine (midgut: mesenteron; inside the peritrophic 
matrix).

t y p e  l o c a l i t y :  Vicinity of otongatchi, western edge of the 
cloud forest (00°19'35.3''s; 78°55'19.5''W), Ecuador. 

t y p e  m a t e r i a l :  Hapantotype (giemsa-stained slide 
2008/E-DiPt07/s) and axenic culture (EcU-08) deposited 
at charles University, Prague. 

E t y m o l o g y :  the species name is a noun in apposition 
adopting the name of the type locality. 

remarks. the new species is ascribed to the 
polyphyletic genus Crithidia based on predominance of 
choanomastigotes. the distinguishing features of this spe-
cies are very prominent unpolarized golgi apparatus and 
large mitochondria with extremely high number of cris-
tae, cross-sectioned multiple times, especially at the pe-
riphery of the organelle. Based on ggAPDH (KF482061), 
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Fig. 1. Wallaceina raviniae sp. n. from Ravinia sp. A, B – giemsa-stained cultured cells; C – DAPi-stained cultured cells. Note kine-
toplast (either pre- or postnuclear) located in close proximity (0.8 ± 0.5 µm; N = 50) to the nucleus in choanomastigotes. D – scanning 
electron microscopy demonstrates different morphotypes in culture; e–i – transmission electron microscopy; F – cross-section of the 
flagellar pocket allows visualization of the 9 + 2 axoneme and the paraflagellar rod that is characteristically inconspicuous within the 
flagellar pocket, but enlarged in the emerging part of the flagellum, as H – visualized in the longitudinal section. Abundant helically 
structured electron dense material fills in flagellar pockets. this material is highly reminiscent of filamentous phosphoglycoprotein 
polymers of secreted acid phosphatase. G – Bernhard’s EDtA regressive staining method was used to ‘bleach’ the kDNA disk; 
i – osmium-thiocarbohydrazide-osmium (oto) method was employed to enhance membrane contrast. Abbreviations: a – axoneme; 
ac – acidocalcisomes; fp – flagellar pocket; g – glycosomes; go – golgi apparatus; k – kinetoplast; m – mitochondrion; n – nucleus; 
pfr – paraflagellar rod; sm – subpellicular microtubules. scale bars: A,E = 2 µm; B,c = 5 µm; D,H = 1 µm; F = 200 nm, g = 500 nm, 
i = 125 nm.

n k

m

g

ac

go

kfp

a

pfr

sm

A B

E

C D

F

G

H

I



104

Ahead of print online version

sl (KF482066) and ssU (JQ658813) sequences, the 
isolate g15 (tU83) from the hindgut of Rhynocoris ra-
pax (Heteroptera: reduviidae) captured in the vicinity of 
Maste (06°39'22''N; 00°30'53''E) (Votýpka et al. 2012a) is 
a close relative of C. otongatchiensis.

Leptomonas moramango Votýpka et lukeš sp. n.  Fig. 3
species diagnosis: cells of Leptomonas moramango 

typical promastigotes with limited heterogeneity, 7.9–11.4 
(10.2 ± 0.7; n = 50) long and 2.1–4.4 (3.2 ± 0.3; n = 50) 
wide. Flagellum 4.9–13.0 (7.5 ± 0.9; n = 50) long. Aver-
age ratio of length of flagellum to length of cells about 0.9. 

Prenuclear kinetoplast located 0.9–5.8 (2.1 ± 1.2; n = 50) 
from nucleus. 

Distance from kinetoplast to anterior end of cell 1.3–3.3 
(2.0 ± 0.4; n = 50). Multiple acidocalcisomes detectable 
in giemsa-stained smears. irregularly shaped flagellum-
associated structure often seen at flagellum pocket open-
ing. Kinetoplast disc length 570–1 100 nm (826 ± 144 nm; 
n = 23), width 100–220 nm (147 ± 29 nm; n = 23). 

the species is identified by the unique sequences with 
the following genBank accession numbers: Kc205990 
(ssU), KF482059 (ggAPDH) and KF482064 (sl), and 
belongs to tU105.

Fig. 2. Crithidia otongatchiensis sp. n. from Eristalis sp. A, B – giemsa-stained cultured cells; C – DAPi-stained cultured cells 
with well-visible kinetoplast (intensely stained oval spot) and nucleus; D, e – several distinct morphotypes from choano- to grooved 
spade-shaped and sometimes twisted promastigotes with flagella of various lengths including some cells lacking a visible flagel-
lum are detectable by sEM; F–i – transmission electron microscopy; F – unusually large golgi apparatus and acidocalcisomes; 
G, i – extended mitochondrion with multiple cristae; H – kinetoplast and numerous vesicles associated with the flagellar pocket. 
Abbreviations: ac – acidocalcisomes; k – kinetoplast. scale bars: A–E = 5 µm; F–H = 1 µm; i = 500 nm.
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t y p e  h o s t :  Fly Pachycerina vaga (Brachycera: lauxanii-
dae), female. the xenotype (2010/Mg-MMo-09/M) is de-
posited at charles University, Prague.

s i t e :  intestine (hindgut: rectal ampulla).
t y p e  l o c a l i t y :  Vicinity of Moramango (18°55'34.9''s; 

48°25'4.3''E), Madagascar. 
t y p e  m a t e r i a l :  Hapantotype (giemsa-stained slide 2010/

Mg-MMo-09/s) and axenic culture (MMo-09) deposited at 
charles University, Prague. 

E t y m o l o g y :  the species name is a noun in apposition 
adopting the name of the type locality. 

remarks. the new species is ascribed to the 
polyphyletic genus Leptomonas based on predominance 
of promastigotes. the distinguishing features of this spe-
cies are very prominent unpolarized golgi apparatus and 
multiple periflagellar vesicles. Leptomonas moramango 
can be infected with cytosolic viruses.

Crithidia pragensis Votýpka, Klepetková et lukeš sp. n.  
 Fig. 4

species diagnosis: Most of Crithidia pragensis cells 
oval-shaped choanomastigotes 5.7–10.1 (7.5 ± 0.6; 
n = 50) long and 2.8 –5.9 (4.5 ± 0.6; n = 50) wide. Flag-
ella 5.5–20.2 (13.7 ± 2.5; n = 50) long, exceeding almost 
twice length of cell. Kinetoplast always prenuclear, lo-
cated 0.2–4.1 (1.7 ± 0.7; n = 50) from nucleus and 0.7–4.0 
(2.1 ± 0.6; n = 50) from anterior end of the cell. giemsa-
stained round and equally-sized acidocalcisomes promi-
nently visible. Kinetoplast 420–1 250 nm (780 ± 201 nm; 
n = 17) long and 170–360 (223 ± 43 nm; n = 17) wide. 

the species is identified by unique sequences with 
the following genBank accession numbers: Kc205988 
(ssU), KF482060 (ggAPDH) and KF482065 (sl), and 
belongs to tU103.

Yurchenko et al.: trypanosomatids from flies

Fig. 3. Leptomonas moramango sp. n. A, B – giemsa-stained cultured promastigotes; C – DAPi-stained cultured promastigotes with 
well-visible trypanosomatid-specific features, such as compact kinetoplast and acidocalcisomes; D, F – sEM shows typical promas-
tigote morphology with irregularly shaped flagellum-associated bulge at the emergence of the flagellum from the flagellar pocket; 
e – tEM demonstrates presence of glycosomes, acidocalcisomes, numerous flagellar pocket-associated vesicles and other standard 
cellular features; G – group of cytoplasmic viruses is marked with an arrowhead; H – fine structure of the axoneme. Abbreviations: 
ac – acidocalcisomes; bb – basal body; bp – basal plate; g – glycosomes; tr – transition region scale bars: A,B = 5 µm; c = 2 µm; 
D–g = 1 µm; H = 500 nm. 
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t y p e  h o s t :  Fly Cordilura albipes (Brachycera: scatophagi-
dae), female. the xenotype (2011/cz-McZ-11/M) is depos-
ited at charles University, Prague.

s i t e :  intestine (hindgut).
t y p e  l o c a l i t y :  Prague, Botanical garden (50°03'64.7''N; 

14°22'51.5''E), czech republic. 
t y p e  m a t e r i a l :  Hapanotype (giemsa-stained slide 2011/

cz-McZ-11/s) and axenic culture (McZ-11) deposited at 
charles University, Prague. 

E t y m o l o g y :  the species name is derived from the name of 
the type locality. 

remarks. the new species is ascribed to the 
polyphyletic genus Crithidia based on predominance 
of choanomastigotes. the distinguishing feature of this 
species is high number of predominantly peripheral mito-

chondrial cristae. C. pragensis can be infected with viruses 
localized to mitochondrion. Based on the environmental 
ssU sequence (Kc205984), the isolate (McZ-04_envi) 
from brachyceran fly Coenosia albocornis Meigen (Mus-
cidae) captured in Předboř, czech republic belongs to the 
same tU (tU103) and thus represents another strain of 
C. pragensis.

DisCUssioN
in last decades, many studies have documented a rath-

er confusing situation in the systematics of the trypano-
somatidae. While some genera have been confirmed to 
be monophyletic, others have remained poorly defined 
and polyphyletic (Maslov et al. 1996, 2001, 2013, Hol-
lar et al. 1998), and the rest was redefined, re-erected or 

Fig. 4. Crithidia pragensis sp. n. from Cordilura albipes A, B – giemsa-stained cultured choanomastigotes; C – DAPi-stained cul-
tured choanomastigotes with typical intracellular structures of trypanosomatidae, DAPi staining reveals the position of the kineto-
plast adjacent to the nucleus. D, F – scanning electron micrographs illustrate extensive variability in flagellar length. e – a group of 
virus-like particles (arrowhead) in the mitochondrial lumen; G – unusually high number of peripherally-located cristae. scale bars: 
A,c = 5 µm; B = 2 µm; D–g = 1 µm. 
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Fig. 5. the dendrogram of splice-leader (sl) sequences. Neighbor-joining analysis of the sl rNA gene repeats of trypanosoma-
tidae emphasizing the phylogenetic position of species described in this work. the most conserved region (from ‘-100’nt position 
upstream of the exon to the 3' end of the intron, excluding the amplification primer sequences) was selected and aligned with clustal 
X. sequence alignments and genBank accession numbers for the retrieved sequences are available from authors upon request. 
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Fig. 6. ssU rrNA + ggAPDH-based Bayesian phylogenetic tree of trypanosomatidae. Names of species for sequences retrieved 
from genBank are indicated. species newly described in this work (highlighted) are accompanied by original name of the isolates 
and designated typing unit (in parentheses). Bootstrap values from Bayesian posterior probabilities (5 million generations), maxi-
mum parsimony and maximum likelihood (1 000 replicates) are shown at the nodes. Asterisks denote Bayesian posterior probabilities 
and bootstraps of 95% or higher; dashes indicate bootstrap support below 50% or Bayesian posterior probability below 0.5 or dif-
ferent topology. the tree was rooted with three bodonid sequences. the scale bar denotes the number of substitutions per site. the 
genBank accession numbers for the ssU rrNA and ggAPDH sequences used here are available from authors upon request. 
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newly described (svobodová et al. 2007, Jirků et al. 2012, 
Borghesan et al. 2013). Although more than 50% of the 
monoxenous trypanosomatids were described from true 
bugs, recent studies on the biodiversity of dipteran para-
sites demonstrate their association with different clades of 
monoxenous trypanosomatids including those occupied 
mainly by parasites of Heteroptera (týč et al. 2013). 

in this regard, two seemingly unrelated cases which, 
as shown below, are two sides of the same problem, de-
serve special attention. the first case is represented by 
the phylogenetically well-defined group referred to as 
the ‘collosoma’ clade (Maslov et al. 2013), its original 
name being derived from ‘Leptomonas’ collosoma – see 
(Wallace et al. 1960). By all accepted standards of that 
time, this species was classified as yet another representa-
tive of the genus Leptomonas mainly because of its pro-
totypical promastigote morphology (Wallace 1966). it is 
also worth noticing that this organism became a proxy of 
the model system for biochemical and molecular studies 
of the monoxenous trypanosomatids (Harris et al. 1995, 
Mandelboim et al. 2002). However, phylogenetic analy-
ses convincingly demonstrated that this species is quite 
different from the majority of Leptomonas species, which 
have been recently accommodated into the subfamily 
leishmaniinae (Jirků et al. 2012). ‘Leptomonas’ collos-
oma along with a few other species and unnamed isolates 
formed a separate clade branching off from the rest of the 
trypanosomatids (týč et al. 2013). 

the second case is represented by the genus Wallacei-
na. the apomorphic character used to define this genus 
was the presence of endomastigotes both in situ and in 
vitro, and W. inconstans was defined as its type species 
(Podlipaev 1990, Podlipaev et al. 1990). over the years, 
a few additional members of this group, for example Wal-
laceina sp. Wsd and Wg, W. vicina, and W. podlipaevi 
were described (Kostygov et al. 2004, Malysheva and 
Frolov 2004, 2009, Podlipaev et al. 2004). the discord-
ance between the traditional and molecular-based sys-
tematics became apparent when members of this genus 
have shown different phylogenetic attractions. Wallacei-
na inconstans, W. brevicula, W. podlipaevi and W. vicina 
formed a separate clade within the subfamily leishmanii-
nae along with Leptomonas tenua Maslov et lukeš, 2012, 
Crithidia permixta and several unnamed ‘leptomonad’ 
isolates from the nematoceran fly (Jirků et al. 2012, týč 
et al. 2013; J.V. – unpubl. data; A. Kostygov, University 
of ostrava – pers. comm.), whereas Wallaceina sp. Wsd 
grouped together with ‘Leptomonas’ collosoma and ‘Lep-
tomonas’ rigida. to complicate this matter even further, 
the original culture of the type species, W. inconstans, 
on which the morphological diagnostics has been based, 
was found to represent a mixed population of at least two 
trypanosomatid isolates (Yurchenko et al. 2008). it was 
speculated that the originally dominant Wallaceina spe-
cies containing typical endomastigotes might have been 

steadily substituted by faster growing cells represented by 
typical leptomonad promastigotes belonging to the sub-
family leishmaniinae (Jirků et al. 2012). 

in this study we describe four new monoxenous spe-
cies of the family trypanosomatidae and amend the genus 
Wallaceina. We suggest using this taxon name for a genus 
uniting species of the former ‘collosoma’ clade: Walla-
ceina (formerly Leptomonas) collosoma, Wallaceina (for-
merly Leptomonas) rigida, and Wallaceina ravinia sp. n. 
the strain Wsd (designated as Wallaceina in some studies 
– Kostygov et al. 2004, gerasimov et al. 2012) represents 
another so far unnamed Wallaceina species. Wallaceina 
inconstans, W. brevicula, W. podlipaevi and W. vicina 
are still valid; however their cultures and published se-
quences may represent different species of the subfamily 
leishmaniinae. 

our results argue that application of advanced micro-
scopic techniques for species description allows much 
better visualization of intracellular structures and fea-
tures. For example, in the case of W. ravinia we observed 
an unusual electron-dense flagellar connection with the 
cytosolic membrane. Furthermore, the flagellar pocket 
of this isolate is lacking the layer of subpellicular micro-
tubules underneath the flagellar pocket membrane and is 
filled with the highly abundant helically structured elec-
tron dense material. this material is highly reminiscent 
of filamentous phosphoglycoprotein polymers of secreted 
acid phosphatase of Leishmania mexicana Biagi, 1953 – 
ilg et al. (1991), stierhof et al. (1994). 

confirming previous reports (gluenz et al. 2007), we 
also detected the EDtA-mediated bleaching (i.e. removal 
of uranyl acetate from the DNA-containing structures) 
of the kDNA disc, the inner unilateral filaments and lobe 
structures at the opposite poles of the disc. there is no 
kDNA disc-associated structure refractory to EDtA 
bleaching arguing against specific rNA processing com-
plexes within the kDNA network. of note, Bernhard’s 
EDtA regressive staining of trypanosomatid nuclei results 
in bleaching of chromatin only, leaving rNA-containing 
structures such as nucleoli unbleached (data not shown). 
our direct comparison of three different substitution me-
dia (see Materials and Methods) showed that all three 
methods were fairly efficient in staining and contrasting 
ultrastructural features. As demonstrated before (selig-
man et al. 1966), uranyl-acetate helps increasing contrast, 
but oto was found to be the most efficient method to 
preserve and contrast lipid-containing structures (Fig. s1). 

For Crithidia otongatchiensis we observed a very 
prominent unpolarized golgi apparatus and large mito-
chondria with extremely high number of cristae. the 
number of cristae, which expand the mitochondrial inner 
membrane surface, thus facilitating its AtP production, is 
known to correlate with AtP demand (stinson et al. 1989). 
this implies that C. otongatchiensis cells may need more 
AtP per cell for their maintenance as compared to other 
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isolates investigated here. relatively large kinetoplast is 
densely packed with kinetoplast DNA. Within the disc, 
the minicircles are stretched out and aligned side-by-side 
approximately perpendicular to the planar face of the disc. 
therefore, the thickness of the disc was estimated to be 
about a half the circumference of a minicircle (Yurchenko 
and Kolesnikov 2001, lukeš et al. 2002). Judged by this 
criterion, minicircles of the investigated isolates are larg-
est in C. otongatchiensis and smallest in W. ravinia cells.

irregularly shaped flagellum-associated structure can 
often be seen at the flagellum pocket opening of Lepto-
monas moramango. similar structures seem to be rare 
and so far were documented in a few species, for exam-
ple, Crithidia brachyflagelli Maslov et lukeš, 2009 and 
Chromera velia Moore et al., 2008 (oborník et al. 2011, 
Jirků et al. 2012).

in the cases of Leptomonas moramango sp. n. and 
Crithidia pragensis sp. n., electron microscopy coupled 
with HPF allowed visualization of viral particles for 
the first time in a monoxenous trypanosomatid. Double 
stranded (ds)rNA viruses, such as lrV-1 (stands for 
Leishmania rNA virus-1), have been detected in several 
Leishmania species including L. guyanensis, and L. bra-
ziliensis before (guilbride et al. 1992, Zamora et al. 1995, 
2000, salinas et al. 1996). their approximately 5.3 kb 
long dsrNA genome is protected by a virus-encoded 
capsid. recently, the presence of lrV-1 viruses has been 
correlated with metastatic potential of L. guyanensis and 
with severity of mucocutaneous leishmaniases (Hartley et 
al. 2012, Zangger et al. 2013). lrV-1 can be recognized 
by the host toll-like receptor 3 and induces a potent im-
mune response culminated in production of proinflamma-
tory cytokines and chemokines, such as ccl5, il6, and 
tNFα (ives et al. 2011). the detection of viral particles in 
(presumably) monoxenous trypanosomatids poses several 
important questions. Are these viruses related to lrV-1? 

Do they facilitate infectivity of these parasites? Do they 
induce similar immune response in insect cells? All these 
questions remain to be investigated further. 

taken together, these data indicate that similarly to 
many cases described before (Yurchenko et al. 2008, 
2009, Zídková et al. 2010, Votýpka et al. 2012b, Borghe-
san et al. 2013), the morphology-based approach of often 
highly polymorphic species has very little, if any at all, 
value in discrimination and/or classification of monox-
enous trypanosomatids. inclusion of ultrastructural analy-
sis based on the HPF protocol is, however, useful as it 
allows occasional detection of unique or novel features, 
such as viruses, varying number of mitochondrial cristae 
or secreted acid phosphatase. 
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