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Abstract

Migonemyia migonei (Franca, 1920) (Diptera: Psychodidae) belongs to the subfamily Phlebotominae, of epidemiological
importance due to its role as a vector in leishmaniasis transmission cycles and its broad geographic distribution in South
America. Few morphometric and genetic studies have demonstrated the existence of variability among geographically dis-
tant populations in Brazil. The aim of the study was to estimate the genetic distance within the morphospecies Mg. migonei
through the analysis of cytochrome C oxidase subunit I (COI) sequences of specimens captured in Argentina and those
available in online databases. The COI sequences from specimens collected in different localities of Argentina and sequences
available in online databases were utilized. Genetic distances were analyzed and a median-joining haplotype network was
constructed. Finally, phylogenetic reconstruction was performed according to Bayesian inference. The analyses led to the
identification of at least two haplogroups: haplogroup I with sequences of specimens from Colombia, Brazil and Argentina,
and haplogroup II with sequences of specimens from Argentina. Interestingly, specimens from Argentina whose haplotypes
corresponded to both haplogroups, were collected in sympatry. The results suggest that Mg. migonei could be a species
complex with at least two distinct members. This hypothesis could explain the known characteristics of adaptability and
vector permissiveness of the species, as the putative cryptic species of the complex could differ in traits of epidemiological
1mportance.
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Introduction

Migonemyia migonei (Franga, 1920) is a Phlebotominae
species (Diptera: Psychodidae) that is widely distributed in
South America from Colombia to Argentina. It belongs to
the subgenus Migonemyia (Migonemyia), which includes the
species Mg. rabelloi (Galati & Gomes, 1992) and Mg. vaniae
Galati, Fonseca & Marass4, 2007, both with a geographic
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distribution restricted to Sdo Paulo, Brazil (Galati 2018).
The species Mg. migonei is described as exhibiting zoophilic
behavior, but it also exhibits the ability to adapt to modi-
fied environments, thus presenting relative anthropophilic
behavior (Salomén et al. 2010; Aguiar et al. 2014). It is
considered to be of medical importance because of its role
as a vector in leishmaniases transmission cycles. Leishma-
niases are a group of neglected tropical diseases, endemic in
18 countries in the American continent. More than 1 million
cases of tegumentary leishmaniasis (TL) and 67,000 cases
of visceral leishmaniasis (VL) have been reported in the last
20 years (Organizacién Panamericana de la Salud 2021). Its
epidemiology comprises a variety of transmission scenarios
that differ according to the species involved in both the Phle-
botominae vector and the Leishmania Ross, 1903 parasite
(Organizacién Panamericana de la Salud 2019). In order
to be confirmed as a vector, a Phlebotominae species must
meet the criteria defined by Killick-Kendrick (1990) which
include, for example, ecological aspects such as anthropo-
philic behavior, feeding preference for the genus Leishmania
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reservoirs, and a geographical distribution consistent with
the area of disease occurrence. In turn, the identification
and classification of each transmission scenarios is neces-
sary to know the magnitude and risk of the disease occur-
rence, allowing the recognition of geographical areas with
and without transmission, and the planning and orientation
of surveillance and control actions (Organizacién Panameri-
cana de la Salud 2019). Although mainly associated with TL
transmission cycles (Aguiar and Vieira 2018; Rangel et al.
2018), Mg. migonei has also been indicated as a putative
vector of Leishmania infantum Nicolle, 1908 (the etiologi-
cal agent of VL) in an enzootic cycle with accidental human
transmission in Santiago del Estero, Argentina (Salomdn
et al. 2010), and in Pernambuco, Brazil (Carvalho et al.
2007), both situations without the occurrence of the primary
vector Lutzomyia longipalpis (Lutz & Neiva, 1912) (Diptera:
Psychodidae). In Argentina, it is the second most abundant
species, covering 12 provinces, where it has been collected
with high relative density in association with human leish-
maniasis cases (Moya et al. 2021).

Despite its epidemiological importance and broad geo-
graphic distribution, there are few studies on this spe-
cies. Based on morphology (Galati et al. 2007), molecular
markers (Rodrigues et al. 2018), or a combination of these
approaches (Costa et al. 2018), all studies detected some
degree of genetic distance between allopatric populations:
Galati et al. (2007) analyzed five populations from different
regions of Brazil and Peru by morphometry, finding signifi-
cant differences for the northeastern Brazilian population;
Costa et al. (2018) analyzed the genetics and morphology of
three populations (two from the northeast and one from the
southeast) and concluded the existence of at least two dis-
tinct lineages; Rodrigues et al. (2018) also detected cryptic
diversity in geographically distant populations, suggesting
that the genetic distance found may be due to microevo-
lutionary processes driven by isolation by distance. Given
this background, we aimed to estimate the genetic distance
in the morphospecies Mg. migonei through the analysis of
cytochrome C oxidase subunit I (COI) sequences of speci-
mens captured in Argentina, combined with sequences pub-
licly available in online databases.

Materials and methods
Study area and Phlebotominae sampling

The Phlebotominae were caught with REDILA-BL light
traps (Fernandez et al. 2015) operating overnight from 18:00
to 8:00 h in the following localities: Yuto (23°38’S, 64°28°W,
Jujuy province), Monteros (27°09’S, 65°30°W, Tucumén
province), Laishi (26°14’S, 58°38’W, Formosa province) and
Fracran (26°44’S, 54°17°W), Lanusse (25°58’S, 54°15°W),
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Paraje Mbigua (27°09’S, 53°57°W), Puerto Iguazii (25°36’S,
54°34’W) and San Pedro (26°38’S, 54°08° W, Misiones
province) (Fig. 1). The captures were carried out as part of
the Leishmaniasis Research Network in Argentina research
projects, which included the detection of parasites, so all but
one of the specimens were females. The thorax and abdo-
men of the Phlebotominae were dissected and preserved in
90% alcohol for subsequent DNA extraction. The head and
the last segments of the abdomen were rinsed and mounted
on slides for microscopic observation of taxonomic charac-
ters. The species determination was performed according
to Galati's key (Galati 2018), and the generic abbreviations
follow the proposal of Galati et al. (2017).

DNA extraction, COl amplification and sequencing

DNA extractions were performed using commercial kits
DNA Puriprep-S INBIO HW (Tandil, B.A., Argentina) and
Transgen Biotech (Beijing, China) from the preserved tis-
sue of the specimens identified as Mg. migonei. The extrac-
tion yield was evaluated by quantification with Qubit™
(Waltham, MA, USA) fluorometer and PCR amplification
of the cacophony gene, which is constitutive of the Diptera
genome. Amplification of COI was performed according to
the protocol described by Hebert et al. (2003), using the
primers LCO1490-HCO2198. The PCR was optimized for
a final volume of 50 pl (Taq polymerase buffer 1 X, Magne-
sium Chloride 2.5 M, DMSO 2.5%, dNTPs 0.2 mM, prim-
ers 0.5 pM, Taq polymerase 1.4 U) and 5 pl of genomic
DNA. Cycling conditions were set to an initial denatura-
tion at 94 °C for 4 min, 35 cycles of: 30 s at 94 °C, 30 s at
56 °C and 1 min at 72 °C, and a final extension of 10 min
at 72 °C. All amplifications were performed in an Applied
Biosystems 2720 thermal cycler (Foster City, CA, USA).
The products obtained were separated on a 2% agarose gel
stained with SYBR® Safe DNA (Invitrogen, Carlsbad, CA,
USA) and visualized with 470 nm blue light. The size of the
fragments was compared with a molecular weight marker in
the range of 100 to 1000 base pairs (bp), with increments
of 100 by 100 bp. From each amplified product, sequenc-
ing of both complementary DNA strands was performed on
an ABI 3730XLs kit (Macrogen, Seoul, South Korea) or at
the Centre of Biodiversity Genomics, University of Guelph,
Canada.

Phylogenetic analyses

The DNA sequences were manually aligned using the
software MEGA v.10 (Kumar et al. 2018). In addition,
sequences available in GenBank and BOLD (Ratnasing-
ham and Hebert 2007) for Mg. migonei were downloaded.
A multiple alignment was generated with the CLUSTAL
W algorithm (Thompson et al. 1994), and the estimation of
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Fig.1 Collection sites of Mg. migonei specimens and the COI haplo-
types identified. The symbols represent localities covered by different
authors: Costa et al. (circle), Pinto et al. (star), Romero-Ricardo et al.

pairwise and mean Kimura 2-parameter genetic distances
(K2p) both intraspecific and between haplogroups (see
results) was performed in MEGA v.10 with 1000 replicates.
The haplotypes were estimated using DNaSP v.5.10 (Rozas
et al. 2017), and named according to the numbering of the
already published sequences. The relationship among hap-
lotypes was evaluated by constructing a minimum haplotype
network using the median-joining method implemented in

(triangle), Laurito et al. (square), and this study (rhombus). More
information on number of sequences available is presented in Table 1
and supplementary data

Network v.4.6 (Bandelt et al. 1999), assuming epsilon to be
0, and transition/transversion were given weights of 1 and 2,
respectively. For phylogenetic inference, the best-fit model
of evolution was estimated using the Bayesian Criterion
(BIC), implemented in JModeltest v.2 (Darriba et al. 2012)
with the following settings: Phyml version =2.4.4; candidate
models =24; number of substitution schemes =3: (1) Includ-
ing models with equal/unequal base frequencies (+F), (2)
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Including models with/without a proportion of invariable
sites (+1), (3) Including models with/without rate variation
among sites (+G) (nCat=4); optimized free parameters
(K) =substitution parameters 4+ 115 branch lengths; base
tree for likelihood calculations = BIONJ tree. The Bayesian
inference was analyzed using MrBayes: Bayesian Inference
of Phylogeny v3.2 (Ronquist et al. 2012), four Monte Carlo
Chains were run for 10,000,000 generations (sampled every
1,000 generations) to allow adequate time for convergence
(0.006262). The posterior information of topologies and the
median branch lengths from the trees sampled were then vis-
ualized with FigTree v.1.4.2 (Rambaut 2012). Sequences of
Lu. longipalpis (BOLD: PHLARO069-18) and Phlebotomus
papatasi Scopoli, 1786 (Diptera: Psychodidae) (GenBank
accession: KY848828.1) were used as outgroups.

Results

The dataset consisted of 74 COI sequences of Mg. migonei:
12 obtained from specimens captured in different provinces
of Argentina and sequences downloaded from the data-
bases of specimens from Brazil (n=58) (Pinto et al. 2015;
Costa et al. 2018), Colombia (n=2) (Romero-Ricardo et al.
2016), and two sequences from Argentina (Laurito et al.
2019) (Table 1 and Online Resource 1). No insertions or
deletions were observed in the final alignment of 658 bp
with 72 variable sites (10.9%). The mean intraspecific
K2p genetic distance of Argentina specimens was 1.47%
(maximum = 3.69%), reaching 2.03% (max=5.1%) when
considering the entire dataset (global). The genetic distance
between haplogroups (see below) was 3.89%. Six new

haplotypes were identified (H51-H56) in this study, with
GenBank accessions: OR004818-OR004823. A total of
57 haplotypes were identified, the median-joining network
showed two haplogroups separated by at least 18 muta-
tional steps: in haplogroup I, there were 49 haplotypes from
Brazil, Colombia (H50), and Argentina (H52, in Misiones
province). On the other hand, haplogroup II grouped only
haplotypes from Argentina (Cérdoba, Formosa, Tucuman,
Misiones and Jujuy provinces (H51, H53-H57) (Fig. 2a).
Haplotype 52 was found at least eight mutational steps away
from the Brazilian haplotypes (Pernambuco). Notably, H52
and H53 were found at the same locality in Puerto Iguazd,
Misiones, Argentina.

For the Bayesian inference the most appropriate model
was HKY +1+ G (-InL =2250.5022, BIC =5286.1983,
Delta BIC =0, p-inv=0.6640, Gamma =0.7560). Two
monophyletic clades coincident with the described haplo-
groups were observed with a posterior probability (PP)=1.0.
The specimens of haplogroup I were grouped with a value
of 0.66 PP, along with haplotypes from Colombia, Brazil,
and Argentina; while the haplogroup II grouped with a
0.95 PP value, consisting of haplotypes only from Argen-
tina (Fig. 2b).

Discussion

The present study assessed the genetic distance within the
species Mg. migonei by analyzing sequences of a fragment
of the COI gene from specimens captured in Argentina and
those available in online databases. The intraspecific dis-
tance obtained from specimens from different provinces

Table 1 References and data on the COI sequences considered for the final dataset and their respective genetic distances published for compara-

tive purposes

Reference Number of Haplotypes Collection locality (state/province, country) K2p intraspecific genetic
sequences (haplotypes distance
numbers) ;
Mean (%) Maximum (%)
This study 12 6 (H51-H56) Yuto (Jujuy, AR), Monteros (Tucuman, AR), 1.47 3.69
Laishi (Formosa, AR), Puerto Iguazi, Lanusse,
Fracran, San Pedro and Paraje Mbigua (Misiones,
AR)
Costaet al. 2018 43 30 (H1-H30) Baturité (Ceara, BR), Machados (Pernambuco, BR) NA 3.15
and Niterdi (Rio de Janeiro, BR)
Pinto et al. 2015 28 19 (H31-H49) Pangas, Itaguacu and Santa Maria de Jetiba 0.47 1.54
(Espirito Santo, BR)
Rodrigues et al. 2018 32 3 (NA) Colinas (Maranhio, BR) 0.63 0.74
Romero-Ricardo et al. 2016 2 1 (H50) Colosé (Sucre, CO) 0 0
Laurito et al. 2019 1 1 (H51) San Martin Urban Reserve (Cérdoba, AR) NA NA
BOLD 1 1 (H57) Laishi (Formosa, AR) NA NA

#Sequences not included in the analysis because they were less than 658 pb in length

Country abbreviations: BR Brazil, CO Colombia, AR Argentina
NA not applicable
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of Northern Argentina (mean=1.47%, max=3.69%) was
higher than that reported by Pinto et al. (2015) with Mg.
migonei specimens from different localities of Espirito
Santo, Brazil (mean=0.47%, max = 1.54%), probably due
to the difference in the geographic areas covered. It was also
higher than that reported by Rodrigues et al. (2018) (1.3%)
when comparing those Espirito Santo sequences with their
Maranho haplotypes (northeastern Brazil), probably due to
the small number of sequences from Maranh3o. In contrast,
with a larger number of individuals analyzed from the same
Brazilian regions, Costa et al. (2018) described two mono-
phyletic lineages with 3.15% of genetic distance between
them, a maximum rate similar to our results. These results
are expected since the intraspecific variation estimated and
the probability of non-monophyly increases with the larger
geographic area covered due to evolutionary processes.
It should be noted that the estimation of the sample size
needed to capture 95% of intraspecific variation is up to 70
individuals, even if samples are collected maximizing geo-
graphic coverage (Bergsten et al. 2012). This situation was
attainable since the molecular marker COI is being used
in barcoding studies, which implies a high availability of
sequences in databases for researchers (Rodrigues and Galati
2023).

For the global analyses conducted in this study, we added
new haplotypes to the COI intraspecific variation reported for
Mg. migonei while also extended the geographic area covered
in previous studies. The maximum pairwise distance obtained
was between haplotypes H25 and H53 from Rio de Janeiro
(southeastern Brazil) and Misiones (northeastern Argentina)
with a genetic distance of 5.1%, although there are sequences
that belong to specimens from more geographically distant
captured sites. The haplotype 52 is the only haplotype from
Argentina that is part of the same haplogroup as all the hap-
lotypes from Brazil and Colombia (haplogroup I) with at least
29 mutational steps of separation between the closest Argen-
tine haplotype (haplogroup II). Interestingly, the H52 was
detected in individuals captured in three different localities
of Misiones province and in one of them (Puerto Iguazu), the
specimen was collected in the same sample site as a specimen
with H53, with which it differs by 3.36% in genetic distance
and at least by 31 mutational steps. Therefore, the genetic
distance between haplotypes captured in sympatry in Mis-
iones province was higher than that reported by Costa et al.
(2018) between their geographic linages (3.15% and at least
12 mutational steps). In our results, those Costa lineages were
recovered as part of haplogroup I containing also the haplo-
types from Colombia, H52 from Argentina and most of the
haplotypes from Espirito Santo (Brazil) presenting internal
polytomies. With respect to other Phlebotominae species, the
genetic distance between haplogroups I and II (3.9% and 29
mutational steps) is higher than that found between the close
species Nyssomyia intermedia (Lutz & Neiva, 1912)—Ny.

belonged to one of the three haplogroups described for this
species in Argentina (Pech-May et al. 2018). Another study
analyzed COI sequences of Lu. longipalpis complex and Ny.
whitmani from the same locality and also did not detect more
than one haplogroup in sympatry for each species (Moya
et al. 2020). Therefore, if a hypothesized speciation process
occurred due to some characteristic of the area, it seems that
these other species were not affected in the same way. At
this locality these species differ in abundance and seasonal-
spatial distribution, so microevolutionary processes will
influence each of them differently (Quintana et al. 2020).

Concerning the morphology, distinguishable structures
make it possible to differentiate the morphospecies Mg.
migonei from its congeners (Galati et al. 2007). Besides
other characters, the number of bristles on the eighth abdom-
inal tergite and the shapes of the head of the spermathecae,
allowed us to discard errors in the determination of the spec-
imens for which we were able to recheck the morphology.
On the other hand, speciation is not always accompanied by
morphological change, differences in copulatory courtship
song or sex pheromones as described for other cryptic spe-
cies cannot be ruled out (Bickford et al. 2007; Sousa-Paula
et al. 2021). Still, some subtle morphological differences
could be detected by morphometric studies to be carried out.
These results will be reinforced if characteristics of differ-
ent types, such as those proposed in integrative taxonomy
approaches, are taken into account.

Several epidemiological studies show interesting dif-
ferences in ecological characteristics of Mg. migonei. In
western Venezuela, it was described as being anthropo-
philic and adapted to both humid and dry mountain for-
ests with a wide altitudinal distribution (Chaves and Afez
2004), and was indicated as a vector in two epidemiologi-
cal cycles, involving Leishmania mexicana Biagi, 1953
and Le. guyanensis Floch, 1954 (TL etiological agents)
(Torrellas et al. 2018). In northeastern Brazil, Mg. migo-
nei was found in high abundance in remote indigenous
villages in a semiarid region associated with transmis-
sion cycles of Le. braziliensis Vianna, 1911 (TL agent)
(Sales et al. 2019) and also in the Atlantic coast adapted
to the indoor environment suspected to be involved in Le.
infantum (VL agent) transmission (Silva et al. 2014). In
southeast Brazil, this species was captured both in peri-
urban areas and in wild habitats exhibiting eclecticism in
terms of feeding preference (wild rodents, hamsters and
chickens) (Taniguchi et al. 2002). In the same region, in
a peri-urban area with canine VL cases, its vector capac-
ity was assessed finding that it has cynophilic behavior
and the results reinforce the suspicion that it is a poten-
tial vector of Le. infantum (Galvis-Ovallos et al. 2017).
In Brazil, Mg. migonei is considered a permissive vector
with demonstrated susceptibility to the development of
different Leishmania species (Nieves and Pimenta 2002;
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neivai (Pinto, 1926) (3.5%, 11 mutational steps), and Ny.
intermedia—Ny. whitmani (Antunes & Coutinho, 1939)
(3.4%, 22 mutational steps) as well as between Lutzomyia
cruzi (Mangabeira, 1938)—Lu. alencari Martins, Souza &
Falgao, 1962 (3%, 16 mutational steps) (Moya et al. 2020).
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About the locality where we detected the haplogroups of
Mg. migonei in sympatry, a study of genetic diversity accord-
ing to gene fragments of the nicotinamide dinucleotide dehy-
drogenase subunit 4 and the 3’ region of cytochrome B of
specimens of the Lu. longipalpis complex found that they



Cryptic Diversity in Sympatric Migonemyia migonei (Diptera: Psychodidae), Eventual Meaning... 53

«Fig.2 a. Median-joining haplotype network of Mg. migonei based on
658 nucleotides of the COI gene. The circle size corresponds to the
frequency of each haplotype in the total number of individuals sam-
pled. Missing haplotypes are shown as grey circles. Each line con-
necting haplotypes represents one mutational step, whereas numbers
along the lines are the total number of mutational steps among haplo-
types. b. Bayesian Inference (BI) topology tree from 658 nucleotides
of the COI gene, inferred under the HKY + 1+ G model. Number on
each branch (above branch) represent posterior probabilities (PP)
obtained in the BI. The scale bar represents the expected number of
nucleotide substitutions per site. The asterisks indicate haplotypes
from Argentina. The circles at the branch terminals represent the
number of individuals of each haplotype. Color references: Argen-
tina: Misiones (light green), Formosa (yellow), Tucuman (orange),
Jujuy (red) and Cérdoba (brown); Brazil: Espirito Santo (pink), Ceara
(turquoise), Pernambuco (blue), and Rio de Janeiro (purple); Colom-
bia: Sucre (dark green)

Silva et al. 2014; Guimaraes et al. 2016). The DNA of Le.
braziliensis and of Le. infantum were detected in speci-
mens captured in Chaco and Misiones provinces (Argen-
tina) respectively, but without confirmation of vectorial
capacity (Moya et al. 2021). In Argentina, Mg. migonei is
prevalent in the Dry Chaco region, mainly in peri-urban
rural transition habitats with domestic animals where it
could act as a hinge between zoonotic cycles and sporadic
human VL cases (Salomén et al. 2008, 2010; Quintana
et al. 2012). However, in the site where both haplogroups
were found sympatrically (Misiones, Argentina), Mg.
migonei was not abundant (2.8%, data not shown) and
the environment was characterized as urban with pres-
ence of chickens, domestic animals and a variety of fruit
trees (Quintana et al. 2020). It has been also described as
zoophilic and has shown a feeding preference for horses
(Salomén et al. 2008). The probable avidity for equines
was also described in north and southeast Brazil at rural
areas largely deforested with occurrence of TL (Rio de
Janeiro (Souza et al. 2001) and Cear4 States (Azevedo
and Rangel 1991)). Interesting, horses are also suspected
to be reservoirs of both Le. braziliensis (Truppel et al.
2014) and Le. infantum (Benassi et al. 2018) and mixed
infections have been detected (Soares et al. 2013). Mean-
while, it is also suggested that female Phlebotominae are
opportunistic and probably adjust their feeding habits to
the available hosts, especially when adapting to anthropic
environments (Muniz et al. 2006; Afonso et al. 2012).
Until more evidence is gathered, it should be noted
that Mg. migonei was described as plastic in its ability
to adapt to modified environments, eclectic in terms of
feeding preference, and as permissive in terms of vector
competence (Salomén et al. 2010; Guimaraes et al. 2016;
Aguiar and Vieira 2018; Moya et al. 2021). This, com-
bined with its wide geographic distribution, could lead us
to consider it as a generalist species. If so, it would not be
the first time that, after further study, a generalist species
ends up being a complex of specialists, as verified for Lu.

longipalpis, Nyssomyia umbratilis (Ward & Fraiha, 1977)
and Psathyromyia shannoni (Dyar, 1929) (Bickford et al.
2007; Pinto et al. 2015). Although the pattern of evolu-
tion of a single gene will not necessarily correspond to
the history of the species analyzed, our results support
the hypothesis of cryptic diversity in Mg. migonei, sug-
gesting that it may be a species complex with at least two
distinct haplogroups. While the detection of genetic dif-
ferences in allopatric populations could be ascribable to
local adaptations or genetic drift, its detection in sympatry
suggests that some degree of reproductive isolation may
exist (Bickford et al. 2007). These putative cryptic species
could differ in the following traits with different impact on
leishmaniasis transmission: (i) anthropophilia/zoophilia
(equinophilia or cynophilia), allowing the identification
of potential reservoirs and attractors; (ii) adaptability to
wild/anthropic environment, for the definition of areas at
risk of transmission, the human population exposed and
the possibility of maintenance of parasites circulating in
interepidemic zoonotic cycles; (iii) permissive/specific
vector competence, for the identification of the etiologi-
cal agent involved and its geographic area of occurrence
or potential expansion. Therefore, for experimental stud-
ies on vector competence and insecticide resistance, it
would be important to determine the membership of the
test specimens to the described haplogroups in order not to
make inferences sensu lato that cannot be extrapolated to
the different members of the complex, as was the case with
Lu. longipalpis. In turn, the definition of these aspects
of the vector contributes to the identification of different
transmission scenarios, allowing the risk and magnitude of
occurrence of leishmaniasis to be known. If the existence
of the complex is proven, correctly distinguishing between
its members and identifying their respective geographic
distribution will enable the direction of efforts towards
ensuring that prevention and control measures against
leishmaniases are cost-effective and appropriate.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13744-023-01095-5.
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