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Figure 5. Morphology and ultrastructure of Leptomonas pyrrhocoris (Zotta 1912) emend. sp. Light microscopy
images of Giemsa-stained culture form of cells (A-D) showing variability of cell shape and length from a slender
promastigotes (A) with a long flagellum, nucleus (n) and kinetoplast (k) shown by arrowheads via intermediate
size cells (C and D) to an oval shaped amastigote (B). Transmission electron microscopy (E-G) images of
longitudinal sections of cells which show variability of cell width, a deep flagellar pocket and the kDNA disk
located next to the basal body of the flagellum along the lateral wall of the flagellar pocket at some distance off
its the bottom. Scanning electron microscopy (H, I) of typical promastigotes. Scale bar corresponds to 2 �m (A
– D, H, I) and 500 nm (E – G).



A Cosmopolitan Insect Trypanosomatid 627

Figure 6. Morphology and ultrastructure of Leptomonas scantii n. sp. Giemsa-stained promastigotes (A-C)
of various size and shape; nucleus (n) and kinetoplast (k) are shown in A with arrowheads. Transmission
electron microscopy (D-H) images showing the longitudinally sectioned cell with a deep flagellar pocket (D),
the kinetoplast DNA disk area (E), cross-section of the free flagellum with a prominent paraflagellar rod (F),
cross-section of a flagellum inside the flagellar pocket (G) and mid-section of a cell with deep furrows (H), a
typical feature of this species. Scanning electron microscopy images (I-K) of a short (I) and longer (J and K)
promastigotes illustrate the existence of deep surface furrows and a slight longitudinal twist of the cells. Scale
bar corresponds to 10 �m (A – C), 2 �m (I – K) and 250 nm (D – H).
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Academy of Sciences, Biology Centre, Institute of Parasitology,
České Budějovice, Czech Republic.

Etymology: The species name refers to the taxon of most
frequent hosts occurring in Europe.

Leptomonas scantii n. sp. Votýpka, Lukeš
and Maslov

Generic assignment: Based on predominance of
promastigote-shape cells and presumed monoxenous life
cycle the new species is assigned to the genus Leptomonas
Kent 1880.

Species diagnosis: The new species, mainly defined by the
SL RNA, SSU rRNA and gGAPDH gene sequences, belongs
phylogenetically to a group of typical leptomonads, including L.
seymouri, as well as L. pyrrhocoris, but occupying a distinct
position within this clade. The GenBankTM accession num-
bers of the sequences are JN036654 (SSU rRNA), JN036652
(gGAPDH) and JN009104 (SL RNA gene repeat). Cells are
typically promastigotes of variable shapes and sizes, with a few
deep furrows on the surface.

Type host: Intestine (abdominal part of midgut) of Scantius
(= Lodosiana) aegyptius Linnaeus, 1758 (Heteroptera: Pyrrho-
coridae).

Type locality: In the vicinity of Sète (43◦ 28′ 37′′ N, 03◦ 46′
03′′ W), southern France.

Additional hosts and localities: Intestine (abdominal part
of midgut) of S. aegyptius in France, Cyprus and Tunisia and P.
apterus (Insecta, Heteroptera) in Cyprus.

Type material: The designated hapantotype is the axenic
culture of isolate F221 deposited in the collection of the Depart-
ment of Parasitology, Faculty of Science, Charles University,
Prague, Czech Republic, and in the collection of the Czech
Academy of Sciences, Biology Centre, Institute of Parasitology,
České Budějovice, Czech Republic.

Etymology: The species name was given after the host in
which that species was discovered.

Discussion

In this work we have demonstrated the existence
of a cosmopolitan monoxenous trypanosomatid
species, L. pyrrhocoris that was found in Central
and South America, various regions of Europe and
Mediterranean, as well as in some locations in
Africa and Asia. The coherence of this species has
been demonstrated by several molecular markers
(SL RNA, SSU rRNA and gGAPDH genes), as
well as by RAPD. This flagellate has been found
exclusively in members of the Pyrrhocoridae
family (Insecta, Heteroptera) including the genera
Pyrrhocoris, Scantius and Dysdercus. Apparently,
the broad distribution of the hosts, in particular
the genus Dysdercus, played a crucial role in the
worldwide dissemination of the parasite. Another
major factor behind the successful expansion of L.
pyrrhocoris was a relaxed host-specificity of these
parasites, which were able to cross the species
and genus boundaries, yet remained restricted to

a particular host family (Table 1). It is likely that
additional investigations would expand the list of
L. pyrrhocoris hosts: so far, only a few pyrrhocorid
species tested have not been found to harbor infec-
tions and each of such cases can be explained by
a relatively small sampling size (data not shown).

The strains of L. pyrrhocoris have been found
to display the intraspecies variability pattern in SL
RNA gene repeats that correlated with the geo-
graphic origin of these organisms. The isolates from
different parts of the Old World grouped according
to their origin and collectively were separated from
the Neotropical isolates. The data also suggest
that the observed vicariance pattern is primarily
defined by geographic separation instead of host-
driven divergence: thus, the isolate KYPR10 from
P. apterus in Cyprus grouped together with its com-
patriot (isolate KYPR06) from S. aegyptius and
not with the European isolates from P. apterus
that clustered separately. The European clade also
includes isolates from two P. marginatus popula-
tions. Additionally, the Costa Rican isolates from
several species of Dysdercus are mingled within
the Neotropical clade regardless of their host iden-
tity. These findings indicate that a distinct pool of
parasites in each geographic region is shared by
all suitable hosts inhabiting this region. This obser-
vation argues against the notion that the regional
variability of L. pyrrhocoris lineages was driven by
the diversity of their hosts and that leaves the geo-
graphic separation as the major factor that created
the differences among the pools of parasites.

Yet, the variability observed within the group
of Neotropical isolates, most of which originated
from a relatively small biogeographic region (Costa
Rica), was noticeably larger compared to the
European and Mediterranean lineages collectively
spanning much greater distances. The seemingly
random mingling of individual repeats from vari-
ous isolates (Fig. 4) suggests that the flagellates
are freely exchanged between the co-inhabiting
species. Even a population of parasites within a
single infected specimen can be highly diverse, as
exemplified by the intestinal samples 14BT, 25EC
or 28EC with repeats scattered across the Neotrop-
ical clade. Barring the unusually high divergence
rate in the Neotropics compared to the Old World,
this might indicate an accumulation of diversity over
a longer period of time in the Neotropics com-
pared to the other parts of the world. This scenario
implies the origin of L. pyrrhocoris in the Neotrop-
ics and the subsequent spread to other locations,
in all likelihood facilitated by migrations of hosts or
transmission of parasites to the adjacent popula-
tions of the same or a different Dysdercus species.
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The details of this scenario, such as number and
routes of these migrations, still need to be eluci-
dated. Moreover, additional sampling in Asia and
Africa is also required; these new data may vali-
date or change our conclusions. At this stage it is
certain only that sufficient time must have elapsed
for the divergence to accumulate and the observed
biogeographic pattern to emerge. These migrations
were, therefore, ancient events, unlike the recently
(in 2009) discovered invasion of S. aegytius in
Southern California.

The global distribution of L. pyrrhocoris extends
our previous observations on finding the same
parasites in widely separated geographic regions
(Maslov et al. 2007; Votýpka et al. 2010). Two mech-
anisms seem to promote such a global distribution.
The case of L. pyrrhocoris described herein and
the previously observed case of a trypanosomatid
genotyped as TU6/7(=Ch14) from the heteropteran
family Alydidae represent trypanosomatids with
a clearly defined (albeit somewhat relaxed) host
specificity that have achieved a broad distribution
due to ubiquity of their host families. A different
strategy to achieve a broad distribution is to fur-
ther lower the host specificity. Apparently, this case
is represented by the Blastocrithidia species geno-
typed as TU44(=Ch1) found in four heteropteran
host families in the Neotropics and China (Maslov
et al. 2007; Votýpka et al. 2010).

Thus, it appears that the primary factor defin-
ing the distribution of insect trypanosomatids is
host specificity. The secondary factor is the dis-
tribution of the hosts themselves. As exemplified
by L. pyrrhocoris, a parasite with a restricted
host specificity still can achieve global distribu-
tion provided a wide occurrence of suitable hosts.
The correlation of genotypes and large scale
distribution pattern indicates that homogenization
(e.g. by host migrations) is slower compared to
the rates of divergence. Moreover, the existence
of a region with a relatively high diversity of
intraspecies lineages indicates a possible centre
of the species origin. The mechanisms (routes)
and the timing of the dispersal still represent open
questions.

Methods

Field work and isolation of DNA from intestinal samples:
Collecting of insects was performed in the following localities.
The Bohemian isolates H10–11 and H18 were collected in
October 2007 in Prague (50◦ 4′ 5′′ N, 14◦ 25′ 35′′ W), while
the isolate H21 in November 2007 in Předboř (49◦ 45′ 53′′ N,
15◦ 42′ 39′′ W). The Moravian isolates (P59–64) were collected
in May 2009 in Sedlec u Mikulova (48◦ 46′ 05′′ N, 16◦ 41′ 52′′ E)

and the Slovak isolates (SK01–10) in April 2010 in Likavka (49◦
05′ 47′′ N, 19◦ 18′ 08′′ E). The French isolates were isolated in
October 2007: F19–20 in the vicinity of Générargues (44◦ 04′
09′′ N, 04◦ 01′ 32′′ W), isolates F115 and F165 in Montferrier-
sur-Lez (43◦ 40′ 49′′ N, 03◦ 51′ 55′′ W), and isolates F220–222
in the vicinity of Sète (43◦ 28′ 37′′ N, 03◦ 46′ 03′′ W). The Cypriot
isolates (KYPR01–16) originated from October 2009 from the
vicinity of Ayos Nikolaos (35◦ 04′ 43′′ N, 33◦ 53′ 25′′ W) and
the Tunisian isolate (Tun1) was obtained in September 2007
from Kairouan (35◦ 39′ 15′′ N, 10◦ 06′ 21′′ W). The Ghanian
isolates were isolated in July 2009: G03–08 and G58–59 in the
vicinity of Kokrobite (05◦ 29′ 42′′ N, 0◦ 22′ 08′′ W) and G14 in
the vicinity of Ho–Matse (06◦ 34′ 47.6′′ N, 0◦ 29′ 02′′ W). The
Costa Rican isolates with suffix ‘RV’ were collected in Septem-
ber 2009 in the vicinity of Rincon de la Vieja National Park,
province Guanacaste (10o 45′ 14′′ N, 85o 20′ 59′′ W).

The earlier collection sites in Costa Rica (El Ceibo: labeled
with suffix EC; Monteverde: MV; Carara/Tárcoles: VL; Osa: BT
and CRT) and Ecuador (Napo-1: AL) and the localities in China
were described previously (Maslov et al. 2007; Votýpka et al.
2010; Westenberger et al. 2004).

Insects were dissected and analyzed by light microscopy in
the field as described earlier (Votýpka et al. 2010). The gut
material from infected hosts was preserved in 2% SDS, 100 mM
EDTA solution (Westenberger et al. 2004). Upon transfer to
the laboratory, DNA from intestinal samples was purified using
PureLinkTM Genomic DNA kit (Invitrogen, Carlsbad, CA).

PCR amplification and analysis of SL RNA repeats:
Primers M167 and M168 (Westenberger et al. 2004) were used
to amplify SL RNA gene repeats which usually vary from 0.2 to
1.0 Kb. The amplification products were gel purified, cloned
and sequenced as described earlier (Maslov et al. 2007). The
GenBankTM accession numbers of SL repeat sequences rep-
resenting isolates of L. scantii determined in this work are: Tun
– JF950592; KYPR01 – JF950593; KYPR12 –JF950594; F221
– JN009104. The new SL sequences from the L. pyrrhocoris
group which are listed in the legend of Figure 4. Accession
numbers for isolates of unnamed trypanosomatids are: isolate
P63 – accession number JF950596; G07 – JF950596; G14
– JN022575, JN022576; F115 – JF950598; H21 – JF950599,
JF950600; SK02 – JF950601; SK03 – JF950602; 124AL –
JN036650.

For across-the-family comparisons (Supplementary Fig. S1),
only the most conserved section of repeats, beginning at posi-
tion -100 upstream of the exon and ending at the 3′ end of the
intron (approximately 140 nt long), is used. For the intraspecies
analysis of TU1 parasites (Fig. 4) the entire repeat sequences
were used. The sequences were aligned with Clustal-X, ver. 2.0
(Larkin et al. 2007). Neighbor-joining clustering with K2P dis-
tances was performed using PAUP* 4.0, beta version (Swofford
1998). The 90% cut-off level applied to the entire sequence was
used to delineate individual Typing Units (TU) (Maslov et al.
2007).

Analyses of cells in environmental samples and axenic
cultures: Cultures were established in Brain Heart Infusion
(BHI) medium (Becton Dickinson, Sparks, MD) supple-
mented with 10 �g/ml hemin at 27 ◦C as described previously
(Westenberger et al. 2004). Bacterial growth was suppressed
with an antibiotic cocktail containing 100 �g/ml ampicillin,
100 �g/ml chloramphenicol, 50 �g/ml tetracycline. Fungal con-
tamination was removed by a U-shaped device described
earlier (Podlipaev and Frolov 1987). Light microscopy, and
transmission and scanning electron microscopy were per-
formed as described previously (Podlipaev et al. 2004;
Svobodová et al. 2007; Yurchenko et al. 2006b; Zídková et al.
2010).
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DNA-based analyses of trypanosomatid cultures: Total
cell DNA was extracted from cells grown in axenic cultures or
from environmental samples (the lysate of infected insect tis-
sue, mostly gut content in the preservation 2% SDS 100 mM
EDTA solution) with the DNA tissue isolation kit (Roche) or
was isolated by sarcosyl-pronase lysis and phenol-chloroform
deproteinization (Maslov et al. 1996). RAPD analyses were per-
formed as described elsewhere (Dvořák et al. 2006) except
that new primers OPE5 (5′-TCAGGGAGGT) and OPE12 (5′-
TTATCGCCCC) were designed in the course of this work. The
products were resolved in 1% agarose gel and stained with
SybrSafe (Invitrogen). SSU rRNA and gGAPDH genes were
amplified and sequences as described previously (Maslov et al.
1996, 2010; Yurchenko et al. 2006a). GenBankTM accession
numbers of the SSU rRNA and gGAPDH sequences deter-
mined in this work are given in the caption of Figure 2.

Phylogenetic inference: Sequences of the concatenated
gGAPDH and SSU rRNA gene dataset were aligned using
Clustal-X, ver. 2.0 (Larkin et al. 2007), with gap opening penalty
of 12, gap extension penalty of 5 and the default remaining
parameters. The alignment was then edited manually by delet-
ing ambiguously aligned regions and most positions with gaps.
The final alignment included 2672 characters. It is available
from the authors on request. The dataset was analyzed using
maximum likelihood (ML) and Bayesian inference (BI). The ML
analysis was carried out using RaxML 7.2.8 (Stamatakis 2006)
under the GTR + � model of evolution. The best fitting model
was estimated using both Akaike and Bayesian Information Cri-
terion (AIC/BIC) as implemented in MrAIC (Nylander 2004). The
model parameters were optimized for each gene separately and
the topology with the highest likelihood score was selected from
200 independent runs each starting with different randomized
maximum parsimony tree. Branching support was estimated
using non-parametric bootstrapping from 500 replicates. The
BI analysis was performed used Phylobayes 3.2 (Lartillot et al.
2009) with 40 empirical profile mixture (C40) combined with
GTR-derived substitution rates (GTR + CAT model). Two chains
were run until their maximum observed discrepancy across all
bipartitions was lower than 0.1 and effective sample size of all
variables was higher than 100. Consensus topology and pos-
terior probabilities were then estimated with first 20% of the
generations discarded as a burn-in. The full-length SL RNA
repeat dataset was analyzed using the same ML conditions as
described above.
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Volf P (2006) A comparison of the intraspecific variability of
Phlebotomus sergenti Parrot, 1917 (Diptera: Psychodidae). J
Vect Ecol 31:229–238

Fenchel T, Finlay BJ (2004) The ubiquity of small species:
patterns of local and global diversity. BioScience 54:777–784

Finlay BJ, Fenchel T (2004) Cosmopolitan metapopulations of
free-living microbial eukaryotes. Protist 155:237–244

Foissner W (2006) Biogeography and dispersal of micro-
organisms: a review emphasizing protists. Acta Protozoologica
45:111–136

Frolov AO (1987) Life cycle of Leptomonas pyrrhocoris (Kine-
toplastida, Trypanosomatidae). Zoologicheskii Zhournal LXVI
:5–11

Hamilton PB, Stevens JR, Gaunt MW, Gidley J, Gibson WC
(2004) Trypanosomes are monophyletic: evidence from genes
for glyceraldehyde phosphate dehydrogenase and small sub-
unit ribosomal RNA. Int J Parasitol 34:1393–1404

Hoare CA, Wallace FG (1966) Developmental stages
of trypanosomatid flagellates: a new terminology. Nature
212:1385–1386
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Trypanosoma
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L. costaricensis (DQ977641)

L. barvae (DQ864310)

L. bifurcata (EF152330)

C. permixta (EU088275)
L. neopamerae (EF152332)

L. jaderae (EU088270)

L. podlipaevi (DQ140171)

C. insperata (EU088272)
L. seymouri (X07488)

TU72: G14 (JN022575, JN022576)
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Blastocrithidia

L. tarcoles (EF546788)
L. acus (EF152331)

B. largi (FJ968530)
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