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Resumo

O género Meccus é composto por seis espécies que apresentam distribuicdo restrita ao México, onde séo
responsaveis por 67% das transmissfes vetoriais de Trypanosoma cruzi para humanos. A taxonomia de
Meccus € bastante complexa, uma vez que o género ja foi alterado diversas vezes: em 1859 foi descrito
como Meccus; no entanto, em 1979, as espécies desse género foram agrupadas em Triatoma. Em 2000, o
género Meccus foi revalidado pela estreita relagdo morfologica, bem como sinapomorfias das espécies
agrupadas nesse género (dados confirmados por analises moleculares). Além disso, 0 género Meccus € um
grupo parafilético, uma vez que M. longipennis é mais proximo filogeneticamente de Triatoma do que dos
outros Meccus. Existem diversas propostas de reorganizacdo taxonémicas para 0S grupos pertencentes a
tribo Triatomini. Entre elas, sugere-se que Meccus, Mepraia e Nesotriatoma sejam géneros ou complexos de
espécies pertencentes ao género Triatoma. Cruzamentos experimentais entre espécies agrupadas em géneros
diferentes, em geral, ndo resultam em hibridos, ou seja, existem barreiras reprodutivas pré-zigoticas
instaladas. Assim, o presente estudo teve como objetivo realizar cruzamentos experimentais entre M.
longipennis e T. mopan, com o intuito de avaliar o status genérico de Meccus. Além disso, revisitamos
questbes genéticas, taxondmicas e evolutivas relacionadas com o status especifico das seis espécies que
compdem o género Meccus. Hibridos foram obtidos para o cruzamento entre ¢ T. mopan x T. longipennis
&, demonstrando que ndo existe barreira reprodutiva pré-zigética instalada entre Meccus e Triatoma. Além
disso, informagBes genéticas, taxondmicas e evolutivas revisitadas confirmaram o status especifico das
espécies inicialmente agrupadas no género Meccus. Nossos resultados demonstram que Meccus ndo é um
género valido (o que resultou na sua sinonimizacdo com Triatoma) e ressaltam que T. bassolsae, T.

longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma e T. picturata s&o espécies validas.

Palavras-chave: triatomineos; cruzamentos experimentais; taxonomia; genética; doenca de Chagas



Abstract

The genus Meccus is composed of six species whose distribution is restricted to Mexico, where they are
responsible for 67% of vector transmissions of Trypanosoma cruzi to humans. The taxonomy of Meccus is
quite complex, since the genus has already been changed several times: in 1859 it was described as Meccus;
however, in 1979, the species of this genus were grouped in Triatoma. In 2000, the genus Meccus was
revalidated due to the close morphological relationship, as well as the synapomorphies of the species
grouped in this genus (data confirmed by molecular analyses). Furthermore, the genus Meccus is a
paraphyletic group, since M. longipennis is phylogenetically closer to Triatoma than to the other Meccus.
There are several taxonomic reorganization proposals for the groups belonging to the Triatomini tribe.
Among them, it is suggested that Meccus, Mepraia and Nesotriatoma are genera or species complexes
belonging to the genus Triatoma. Experimental crossings between species grouped in different genera, in
general, do not result in hybrids, that is, there are installed pre-zygotic reproductive barriers. Thus, the
present study aimed to carry out experimental crosses between M. longipennis and T. mopan, with the aim of
evaluating the generic status of Meccus. Furthermore, we revisit genetic, taxonomic and evolutionary issues
related to the specific status of the six species that make up the Meccus genus. Hybrids were obtained for
crossing @ T. mopan x T. longipennis &, demonstrating that there is no prezygotic reproductive barrier
installed between Meccus and Triatoma. Furthermore, revisited genetic, taxonomic and evolutionary
information confirmed the specific status of the species initially grouped in the genus Meccus. Our results
demonstrate that Meccus is not a valid genus (which resulted in its synonymization with Triatoma) and
highlight that T. bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and T. picturata are

valid species.

Keywords: triatomines; experimental crosses; taxonomy; genetics; Chagas diseases
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1.  INTRODUCAO

Os triatomineos sdo insetos hematofagos agrupados na ordem Hemiptera, subordem
Heteroptera, familia Reduviidae e subfamilia Triatominae que apresentam grande importancia
epidemioldgica, pois atuam como vetores do protozoario Trypanosoma cruzi (Chagas, 1909)
(Kinetoplastida, Trypanosomatidae), agente etioldgico da doenca de Chagas (DC) (WHO, 2022)
— enfermidade negligenciada que atinge cerca de sete milhdes de pessoas e coloca em risco de
infeccdo, aproximadamente, outras 25 milhées (WHO, 2022). A principal forma de mitigar a
incidéncia de novos casos de DC se fundamenta no controle das populacdes de vetores (WHO,
2022), sendo os estudos relacionados com esses insetos de extrema importancia para a salde
publica, uma vez que podem gerar subsidios para auxiliar nas atividades dos programas de
controle de vetores.

Atualmente, existem 157 espécies descritas na subfamilia Triatominae (sendo 154
espécies vivas e trés espécies fosseis), agrupadas em 19 géneros e cinco tribos (Tabela 1)
(ALEVI et al., 2021; GIL-SANTANA et al., 2022; OLIVEIRA CORREIRA et al., 2022). O
género Meccus Stal, 1859 é composto por seis espécies (Tabela 1, Figura 1) que apresentam
distribuicio restrita a0 México (GALVAO et al., 2003). As espécies desse género ja foram
notificadas em diversos estados mexicanos (Tabela 2) (CRUZ-REYES; PICKERING-LOPEZ,
2006), sendo responsaveis por 67% das transmissdes vetoriais de T. cruzi para humanos (Figura

2) (ZARATE e ZARATE, 1985).
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Tabela 1. Tribos, géneros e espécies de triatomineos.

Tribo

Género

Espécies

Alberproseniini Martinez & Carcavallo, 1977

Tribe Bolboderini Usinger, 1944

Alberprosenia Martinez & Carcavallo, 1977  A. goyovargasi Martinez & Carcavallo, 1977

Belminus Stal, 1859

Bolbodera Valdés, 1910

A.

malheiroi Serra, Atzingen & Serra, 1980

. corredori Galvao & Angulo, 2006

. costaricencis Herrer, Lent & Wygodzinsky, 1954
. ferroae Sandoval et al., 2007

. herreri Lent & Wygodzinsky, 1979

. laportei Lent, Jurberg & Carcavallo, 1995

. peruvianus Herrer, Lent & Wygodzinsky, 1954

. pittieri Osuna & Ayala, 1993

. rugulosus Stal, 1859

. santosmalletae Dale, Justi & Galvédo, 2021

. scabrosa Valdés, 1910



Tribe Cavernicolini Usinger, 1944

Tribe Rhodniini Pinto, 1926

Microtriatoma Prosen & Martinez, 1952

Parabelminus Lent, 1943

Cavernicola Barber, 1937

Psammolestes Bergroth, 1911

Rhodnius Stal, 1859

M. borbai Lent & Wygodzinsky, 1979

M. trinidadensis (Lent, 1951)

P. carioca Lent, 1943

P. yurupucu Lent & Wygodzinsky, 1979

C. lenti Barrett & Arias, 1985

C. pilosa Barber, 1937

P. arthuri (Pinto, 1926)
P. coreodes Bergroth, 1911

P. tertius Lent & Jurberg, 1965

R. amazonicus Almeida, Santos & Sposina, 1973
R. barretti Abad-Franch et al., 2013

R. brethesi Matta, 1919
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. colombiensis Mejia, Galvao & Jurberg, 1999
. dalessandroi Carcavallo & Barreto, 1976

. domesticus Neiva & Pinto, 1923

. ecuadoriensis Lent & Ledn, 1958

. marabaensis Souza et al., 2016

. milesi Carcavallo et al., 2001

. micki Zhao, Galvéo & Cai, 2021

. montenegrensis Rosa et al., 2012

. hasutus Stal, 1859

. neglectus Lent, 1954

. neivai Lent, 1953

. pallescens Barber, 1932

. paraensis Sherlock, Guitton & Miles, 1977
. pictipes Stal, 1872

. prolixus Stal, 1859

. robustus Larrousse, 1927

. stali Lent, Jurberg & Galvao, 1993
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Tribe Triatomini Jeannel, 1919

Dipetalogaster Usinger, 1939

Eratyrus Stal, 1859

Hermanlentia Jurberg & Galvao, 1997

Linshcosteus Distant, 1904

Meccus Stal, 1859

16

R. zeledoni Jurberg et al., 2009

D. maxima (Uhler, 1894)

E. cuspidatus Stal, 1859

E. mucronatus Stal, 1859

H. matsunoi (Fernandez-Loayza, 1989)

L. carnifex Distant, 1904

L. chota Lent & Wygodzinsky, 1979
L. confumus Ghauri, 1976

L. costalis Ghauri, 1976

L. kali Lent & Wygodzinsky, 1979

L. karupus Galvéo et al., 2002

M. bassolsae (Aguilar et al., 1999)



Mepraia Mazza, Gajardo & Jorg, 1940

Nesotriatoma Usinger, 1944

Paleotriatoma Poinar, 2019

Panstrongylus Berg, 1879

< £ £ £ £

. longipennis (Usinger, 1939)

. mazzottii (Usinger, 1941)

. pallidipennis (Stal, 1872)

. phyllosomus (Burmeister, 1835)

. picturatus (Usinger, 1939)

. gajardoi Frias, Henry & Gonzalez, 1998

. parapatrica Frias-Lasserre, 2010

. spinolai (Porter, 1934)

. confusa Oliveira et al., 2018

. flavida (Neiva, 1911)

. obscura Maldonado & Farr, 1962

. metaxytaxa Poinar, 2019

. chinai (Del Ponte, 1929)
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. diasi Pinto & Lent, 1946

. geniculatus (Latreille, 1811)

. guentheri Berg, 1879

. hispaniolae Poinar, 2013

. howardi (Neiva, 1911)

. humeralis (Usinger, 1939)

. lenti Galvéo & Palma, 1968

. lignarius (Walker, 1873)

. lutzi (Neiva & Pinto, 1923)

. martinezorum Ayala, 2009

. megistus (Burmeister, 1835)

. mitarakaensis Bérenger & Blanchet, 2007
. noireaui Gil-Santana et al., 2002

. rufotuberculatus (Champion, 1899)
. tibiamaculatus (Pinto, 1926)

. tupynambai Lent, 1942

18



Paratriatoma Barber, 1938

Triatoma Laporte, 1832
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. lecticularia (Stal, 1859)

. hirsuta Barber, 1938

. amicitiae Lent, 1951

. arthurneivai Lent & Martins, 1940

. bahiensis Sherlock and Serafim, 1967

. baratai Carcavallo & Jurberg, 2000

. barberi Usinger, 1939

. bolivari Carcavallo, Martinez & Pelaez, 1987
. boliviana Martinez Avendario et al., 2007

. bouvieri Larrousse, 1924

. brailovskyi Martinez, Carcavallo & Pelaez, 1984
. brasiliensis Neiva, 1911

. breyeri Del Ponte, 1929

. carcavalloi Jurberg, Rocha & Lent, 1998

. carrioni Larrousse, 1926

. cavernicola Else & Cheong, 1977
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. circummaculata (Stal, 1859)

. costalimai Verano & Galvdo, 1958

. deaneorum Galvao, Souza & Lima, 1967

. delpontei Romafa & Abalos, 1947

. dimidiata (Latreille, 1811)

. dispar Lent, 1950

. dominicana Poinar, 2005

. eratyrusiformis Del Ponte, 1929

. garciabesi Carcavallo et al., 1967

. gerstaeckeri (Stal, 1859)

. gomeznunezi Martinez, Carcavallo & Jurberg, 1994
. guasayana Wygodzinsky & Abalos, 1949

. hegneri Mazzotti, 1940

. huehuetenanguensis Lima-Cordon et al., 2019

. Incrassata Usinger, 1939

. indictiva Neiva, 1912

. Infestans (Klug, 1834)
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T. jatai Gongalves et al., 2013
T. juazeirensis Costa & Félix, 2007
T. jurbergi Carcavallo, Galvdo & Lent, 1998
T. klugi Carcavallo et al., 2001
T. lenti Sherlock & Serafim, 1967
T. leopoldi (Schoudeten, 1933)
T. limai Del Ponte, 1929
T. maculata (Erichson, 1848)
T. matogrossensis Leite & Barbosa, 1953
T. melanica Neiva & Lent, 1941
T. melanocephala Neiva & Pinto, 1923
T. mexicana (Herrich-Schaeffer, 1848)
T. migrans Breddin, 1903
T. mopan Dorn et al., 2018
T. neotomae Neiva, 1911
T. nigromaculata (Stal, 1872)

T. nitida Usinger, 1939



. oliveirai (Neiva, Pinto & Lent, 1939)
. patagonica Del Ponte, 1929

. peninsularis Usinger, 1940

. petrocchiae Pinto & Barreto, 1925

. pintodiasi Jurberg et al., 2013

. platensis Neiva, 1913

. protracta (Uhler, 1894)

. pseudomaculata Corréa & Espinola, 1964
. pugasi Lent, 1953

. recurva (Stal, 1868)

. rosai Alevi et al., 2020

. rubida (Uhler, 1894)

. rubrofasciata (De Geer, 1773)

. rubrovaria (Blanchard, 1843)

. ryckmani Zeled6n & Ponce, 1972

. sanguisuga (Leconte, 1855)

. sherlocki Papa et al., 2002
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T. sinaloensis Ryckman, 1962

T. sinica Hsiao, 1965

T. sordida (Stal, 1859)

T. vandae Carcavallo et al., 2002

T. venosa (Stal, 1872)

T. vitticeps (Stal, 1859)

T. williami Galvéo, Souza & Lima, 1965

T. wygodzinskyi Lent 1951

23



24

Figura 1. Meccus spp. A: M. bassolsae, B: M. longipennis, C: M. mazzottii, D: M. pallidipennis,

E: M. phyllosomus e G: M. picturatus. Adaptado de Renfigo-Correa et al. (2021).

Tabela 2. Distribuicdo das espécies de Meccus nos estados do México. Em negrito, o0s estados

com exemplares infectados com o T. cruzi (CRUZ-REYES e PICKERING-LOPEZ, 2006).

Espécies

Estados do México

M. bassolsae

M. longipennis

M. mazzottii

M. pallidipennis

M. phyllosomus

M. picturatus

Puebla

Aguascalientes, Colima, Chiapas, Chihuahua, Guanajuato, Jalisco, Nayarit,
Oaxaca, Sinaloa, Sonora, Yucatan e Zacatecas

Jalisco, Michoacan, Nayarit e Oaxaca

Colima, Distrito Federal, Estado De Mexico, Guanajuato, Guerrero, Jalisco,
Michoacan, Morelos, Oaxaca, Puebla, San Luis Potosi, Veracruz e
Zacatecas

Aguascalientes, Durango, Guerrero, Jalisco, Nayarit, Oaxaca, Sinaloa e
Zacatecas

Colima, Jalisco, Nayarit e Oaxaca
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Mayar vectar species
Triatoma barberi
Triatoma dimidiata
Trigtoma gerstaeckern
Tnatoma longipennis
Trnatoma mazzothi
Triatoma mexicana
Trnatoma pallidipenmnis
Tnatoma phyliosoma
Triatoma picfuraia

OCeEZeeead®

Figura 2. Espécies de triatomineos notificadas como principais vetores no México. Adaptada de

Cruz-Reyes e Pickering-L6pez (2006).

A taxonomia de Meccus é bastante complexa, uma vez que 0 género ja foi alterado diversas
vezes: em 1859 foi descrito como Meccus (STAL, 1859); no entanto, em 1979, as espécies desse
género foram agrupadas em Triatoma, mais especificamente no complexo T. phylossoma [composto
pelas espécies T. dimidiata, T. hegneri, T. brailovskyi, T. mopan, T. huehuetenanguensis e T.
gomeznunezi (pertencentes ao subcomplexo T. dimidiata) e pelas espécies M. bassolsae, T. bolivari,
M. longipennis, M. mazzottii, T. mexicana, M. pallidipennis, M. phyllosoma, M. picturata, T.
ryckmani (pertencentes ao subcomplexo T. phylossoma)] (LENT e WYGODZINSKY, 1979;
SCHOFIELD e GALVAO, 2009). Em 2000, o género Meccus foi revalidado por Carcavallo et al.
(2000) pela estreita relagdo morfologica, bem como sinapomorfias das espécies agrupadas nesse
género [dados confirmados por analises moleculares (HYPSA et al., 2002)]. Além disso, vale

destacar que ocorreu sinonimia de diversas espécies descritas (Tabela 3) (GALVAO et al., 2003).
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Tabela 3. Sinonimias realizadas no género Meccus.

Espécie

Sinonimia

Triatoma bassolsae Aguilar et al. (1999)
Meccus flavidus Fracker & Bruner (1924)
Triatoma phyllosoma intermedia Usinger, 1944
Triatoma phyllosoma longipennis Usinger, 1944
Triatoma mazzottii (Usinger, 1941)

Meccus mexicanus Stal, 1859

Triatoma phyllosoma pallidipennis Usinger, 1944

Conorhinus phyllosoma Burmeister, 1835
Triatoma phyllosoma (Burmeister, 1835)
Triatoma p.mazzottii Usinger, 1944
Triatoma p. usingeri Mazzotti, 1943
Triatoma p.pictura Usinger, 1944
Triatoma picturata Usinger, 1939

Triatoma phyllosoma usingeri Mazzotti, 1943

Meccus bassolsae Carcavallo et al. (2000)
Triatoma flavida Neiva (1911)

Meccus longipennis (Usinger, 1939)
Meccus longipennis (Usinger, 1939)
Meccus mazzottii (Usinger, 1941)
Triatoma mexicana (Herrich-Schaeffer, 1848)
Meccus pallidipennis (Stal, 1872)

Meccus phyllosomus (Burmeister, 1835)
Meccus phyllosomus (Burmeister, 1835)
Meccus mazzottii (Usinger, 1941)

Meccus pallidipennis (Stal, 1872)

Meccus picturatus (Usinger, 1939)
Meccus picturatus (Usinger, 1939)

Meccus longipennis (Usinger, 1939)

Hypsa et al. (2002) realizaram a primeira andlise filogenética robusta de Triatominae e

observaram relacdo direta entre T. dimidiata e Meccus spp., 0 que levou os autores a sugerirem a

mudanca de T. dimidiata para o género Meccus (ambas pertencentes ao complexo T. phylossoma).

O género Meccus € um grupo parafilético, uma vez que M. longipennis é mais proximo

filogeneticamente de um Triatoma (T. recurva) do que dos outros Meccus (JUSTI et al., 2014).

Existem diversas propostas de reorganizagdo taxondmicas para 0S grupos pertencentes a tribo

Triatomini (HYPSA et al., 2002; JUSTI et al., 2014). Entre elas, sugere-se que Meccus, Mepraia e

Nesotriatoma sejam complexos de espécies pertencentes ao g@género Triatoma (LENT e

WYGODZINSKY, 1979; GALVAO et al., 2003; SCHOFIELD e GALVAO, 2009).
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Cruzamentos experimentais entre espécies agrupadas em géneros diferentes, em geral, ndo
resultam em hibridos, ou seja, existem barreiras reprodutivas pré-zigoticas intergenéricas instaladas
(como observado para os cruzamentos entre T. brasiliensis x P. tibiamaculatus, T. infestans x R.
neglectus, T. infestans x R. prolixus, T. sordida x R. prolixus, T. sordida x R. neglectus, N. confusa
x P. tibiamaculatus, N. confusa x P. lignarius, P. tertius X R. neglectus e P. coreodes x R.
neglectus) (PERLOWAGORA-SZUMLEWICS e CORREIA, 1972; NEVES et al., 2020; RAVAZI
et al., 2022; REIS et al., 2022). Por outro lado, cruzamentos entre T. recurva e T. mexicana com
Meccus spp. resultaram em hibridos (demonstrando auséncia de barreira reprodutiva pré-zigotica)
(MARTINEZ-IBARRA et al., 2011, 2015), o que levanta o questionamento se Meccus é realmente
um género valido, pois Meccus spp. cruzadas com algumas espécies de Triatoma apresentam
compatibilidade reprodutiva (MARTINEZ-IBARRA et al., 2011, 2015), enquanto cruzamentos
entre espécies do género Triatoma apresentam barreira pré-zigotica (PERLOWAGORA-
SZUMLEWICS e CORREIA, 1972; NEVES et al., 2020), reforcando a necessidade de revisao
genérica da tribo Triatomini, conforme proposto anteriormente (JUSTI et al., 2014).

Assim, considerando que o0s estudos dos cruzamentos experimentais e dos hibridos
resultantes podem auxiliar na taxonomia e sistematica das espécies (PEREZ et al., 2005), o presente
estudo teve como objetivo realizar cruzamentos experimentais entre M. longipennis e T. mopan
(Figura 3) espécies agrupadas no complexo T. phyllosoma), com o intuito de avaliar o status
genérico de Meccus. Além disso, revisitamos questbes genéticas, taxonémicas e evolutivas

relacionadas com o status especifico das seis especies que compdem o género Meccus.

Figura 3. Copula interespecifica entre @ T. mopan e M. longipennis J.
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2. OBJETIVOS
2.1 Objetivo geral
Avaliar o status genérico de Meccus, por meio de cruzamentos entre Meccus e Triatoma, e
avaliar o status especifico das seis espécies do género Meccus, a partir de dados genéticos,

taxondmicos e evolutivos.

2.2  Objetivos especificos
a) Avaliar a dindmica dos cruzamentos entre M. longipennis e T. mopan, por meio da andlise da
copula interespecifica, da oviposicao e da taxa de eclosao dos ovos;
b) Revisitar dados genéticos das seis espécies do género Meccus;
¢) Revisitar dados taxonémicos das seis espéecies do género Meccus;
d) Revisitar dados evolutivos das seis espécies do género Meccus;
e) Com base nos dados revistados, avaliar o status genérico de Meccus e o0 status especifico de M.

bassolsae, M. longipennis, M. mazzottii, M. pallidipennis, M. phyllosomus e M. picturatus.

3. RESULTADOS e DISCUSSAO (apresentados na forma de capitulo de livro e artigos

cientificos)
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Abstract

Background: Meccus'taxonomy has been quite complex since the first species of this genus was described by
Burmeister in 1835 as Conorhinus phyllosoma. In 1859 the species was transferred to the genus Meccus and in 1930 to
Triatoma. However, in the twentieth century, the Meccus genus was revalidated (alteration corroborated by molecular
studies) and, in the twenty-first century, through a comprehensive study including more sophisticated phylogenetic
reconstruction methods, Meccus was again synonymous with Triatoma. Events of natural hybridization with produc-
tion of fertile offspring have already been reported among sympatric species of the T. phyllosoma subcomplex, and
experimental crosses demonstrated reproductive viability among practically all species of the T. phyllosoma sub-
complex that were considered as belonging to the genus Meccus, as well as between these species and species of
Triatoma. Based on the above, we carried out experimental crosses between T. longipennis (considered M. longipennis
in some literature) and 7. mopan (always considered as belonging to Triatoma) to evaluate the reproductive compat-
ibility between species of the T. phyllosoma complex. In addition, we have grouped our results with information from
the literature regarding crosses between species that were grouped in the genus Meccus with Triatoma, in order to
discuss the importance of experimental crosses to confirm the generic reorganization of species.
Results: The crosses between T. mopan female and T. longipennis male resulted in viable offspring. The hatching of
hybrids, even if only in one direction and/or at low frequency, demonstrates reproductive compatibility and homeol-
| o9y between the genomes of the parents.
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Conclusion: Considering that intergeneric crosses usually do not result in viable offspring in Triatominae, the
reproductive compatibility observed between the T. phyllosoma subcomplex species considered in the Meccus genus
with species of the Triatoma genus shows that there is “intergeneric” genomic compatibility, which corroborates the

generic reorganization of Meccus in Triatoma.

Keywords: Chagas disease vector, Triatomines, T. longipennis, T.mopan, Experimental crosses

Background

Triatomines are hematophagous insects of great impor-
tance for public health, since they are considered the
main form of transmission of the protozoan Trypano-
soma cruzi (Chagas, 1909) (Kinetoplastida, Trypano-
somatidae), the etiological agent of Chagas disease [1].
Currently, there are 8 million infected people worldwide
and around 25 million living in an area at risk of infec-
tion [1], the control of vector populations being the main
measure for the reduction of new chagasic patients [1].

Triatomines are part of the Hemiptera order, Heter-
optera suborder, Reduviidae family and Triatominae
subfamily [2]. There are 156 species in this subfamily, dis-
tributed in 18 genera and five tribes [3—6]. The Triatomini
tribe is composed of nine genera, namely, Dipetalogaster
Usinger, 1939, Eratyrus Stil, 1859, Hermanlentia Jurb-
erg & Galvido, 1997, Linshcosteus Distant, 1904, Mepraia
Mazza, Gajardo & Jorg, 1940, Nesotriatoma Usinger,
1944, Panstrongylus Berg, 1879, Paratriatoma Barber,
1938, and Triatoma Laporte, 1832 [3, 4]. However, dur-
ing the taxonomic history within this tribe, several gen-
era have already been considered valid: Eutriatoma
Pinto, 1926, Conorhinus Laporte, 1833, Callotriatoma
Usinger, 1939, Cenaeus Pinto, 1925, Neotriatoma Pinto,
1931, Lamus Stal, 1859, Mestor Kirkaldy, 1904, Triato-
maptera Neiva & Lent, 1940, and Meccus Stal, 1859 [7, 8].
Eutriatoma, Conorhinus, Neotriatoma and Meccus were
the genera synonymous with Triatoma (7, 8].

Meccus’ taxonomy has been quite complex, since the
first species of this genus was described by Burmeister
[9] as Conorhinus phyllosoma Burmeister, 1835; in 1859
the species was transferred to the genus Meccus [10] and
in 1930 to Triatoma [11]. However, in the twentieth cen-
tury, Carcavallo et al. [12] proposed the revalidation of
the Meccus genus based on morphological data (altera-
tion corroborated by Hypsa et al. [13] through molecular
studies). Finally, in the twenty-first century, Justi et al. [8],
through a comprehensive study including more sophis-
ticated phylogenetic reconstruction methods, again syn-
onymized Meccus with Triatoma.

The six species initially considered as Meccus [T. bas-
solsae Aguilar, Torres, Jiménez, Jurberg, Galvio &
Carcavallo, 1999, T. longipennis Usinger, 1939, T. maz-
zottii Usinger, 1941, T. pallidipennis Stal, 1872, T. phyl-
losomus (Burmeister, 1835), and T. picturatus Usinger,

1939], together with T. bolivari Carcavallo, Martinez &
Pelaez, 1987, T. mexicana (Herrich-Schaeffer, 1848) and
T ryckmani Zeledén & Ponce, 1972, form the T. phyl-
losoma subcomplex [3]. This subcomplex, together with
the T dimidiata subcomplex [T. dimidiata (Latreille,
1811), T. hegneri Mazzotti, 1940, T. huehuetenanguensis
Lima-Cordén et al., 2019, T. mopan Dorn et al., 2018,
T. brailovskyi Martinez, Carcavallo & Pelaez, 1984, and
T. gomeznunezi Martinez, Carcavallo & Jurberg, 1994],
form the T. phyllosoma complex [3, 14, 15].

Events of natural hybridization with production of fer-
tile offspring have already been reported among sym-
patric species of the T. phyllosoma subcomplex [16].
Experimental crosses demonstrated reproductive via-
bility among practically all species of the T. phyllosoma
subcomplex that were considered as belonging to genus
Meccus in some literature [17, 18]. In addition, experi-
mental crosses between these species and species of Tri-
atoma from the T. phyllosoma subcomplex (T. mexicana)
and the T. lecticularia complex [T recurva (Stal, 1868)]
also resulted in the production of hybrids [19, 20].

The study of reproductive barriers by experimen-
tal crossings was used in taxonomy (with emphasis on
description, revalidation, and synonymization of spe-
cies [5, 21, 22]) and systematics (with emphasis on the
evolutionary relationship between species [23]) of Tri-
atominae. Based on the above, we carried out experi-
mental crosses between Triatoma species of the T
phyllosoma (T. longipennis) and T. dimidiata (T. mopan)
subcomplexes, to evaluate the reproductive compatibility
between species of the T. phyllosoma complex. In addi-
tion, we have grouped our results with information from
the literature regarding crosses between species that were
initially grouped in the genus Meccus with Triatoma, in
order to discuss the importance of experimental crosses
to confirm the generic reorganization of species.

Methods

Reciprocal experimental crosses were conducted
between T. longipennis and T. mopan. These two spe-
cies were chosen because both belong to the T. phyllo-
soma complex [3, 14, 15], and T. mopan has never been
considered as belonging to Meccus, unlike T. longipen-
nis. The insects used in the experiment came from col-
onies kept in the Triatominae insectary of the School
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of Pharmaceutical Sciences, Sdo Paulo State University
(UNESP), Araraquara, Sdo Paulo, Brazil. The experimen-
tal crosses were conducted in the Triatominae insec-
tary, according to the experiments of Correia et al. [24]
and Mendonga et al. [25]: the insects were sexed as fifth
instar nymphs, and males and females were kept sepa-
rately until they reached the adult stage to guarantee the
virginity of the insects used in the crosses. For the experi-
mental crosses, three couples from each set were placed
in plastic jars (diameter 5 cm x height 10 cm) and kept at
room temperature.

Results and discussion

As observed for the crosses between T. recurva and T.
phyllosoma (as M. phyllosomus) [20] and between T. mex-
icana and T. longipennis [19], only the direction between
T. mopan female and T. longipennis male resulted in via-
ble offspring (Table 1). The hatching of hybrids, even if
only in one direction and/or at low frequency (Table 1),
demonstrates reproductive compatibility and homeology
between the genomes of the parents.

Intergeneric crosses usually do not result in viable
offspring in Triatominae (possibly due to pre-zygotic
barriers, such as genomic incompatibility), as noted
for the crossings between Panstrongylus and Triatoma,
Panstrongylus and Nesotriatoma, Rhodnius Stal, 1859
and Psammolestes Bergroth, 1911 (KCCA, personal
communication) and Rhodnius and Triatoma [26]. The
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reproductive compatibility observed between the T.
phyllosoma subcomplex species considered in the Mec-
cus genus with species of the Triatoma genus (Table 1)
shows that there is “intergeneric” genomic compatibil-
ity, which corroborates the regrouping of species in the
same genus carried out by Justi et al. [8].

The genus Triatoma is a paraphyletic group compris-
ing 82 species [3, 5, 8]. There are species of Triatoma
related phylogenetically to the genera Panstrongylus,
Paratriatoma, Linshcosteus and Hermanlentia [8],
which justifies the paraphyly of the genus. The inclusion
of the species of the genus Meccus in Triatoma rescues
a discussion about the application of the morphological
characteristics used for a long time as diagnoses for the
genera of the subfamily Triatominae (as recently high-
lighted by Monteiro et al. [27]).

Taxonomy is a fundamental science for the entomo-
epidemiology of Chagas disease, because correctly
classifying triatomines can assist in the activity of vec-
tor control programs [28]. Even though since 2014 the
generic status of the species grouped in Meccus has
been changed to Triatoma, several authors continued
publishing articles using the Meccus nomenclature as
valid [20, 29-46] and, quite mistakenly, as Triatoma
(Meccus) pallidipennis [47—49]—since Meccus after the
genus Triatoma (between parentheses) represents a
subgenus and, so far, there are no valid subgenera in the
subfamily Triatominae.

Table 1 Experimental crosses performed between Triatoma spp. and Meccus spp.

Crossing experiments Number of eggs Egg fertility

[} T.mopan X T longipennis 3 161 98 (61%)

Q T. mazzottii X T. mexicana 3 18° 122 (67%)

Q T. mexicana X T. mazzottii 3 14° 097 (64%)

Q T. picturatus X T.mexicana 3 25° 192 (76%)

Q T. mexicana X T. picturatus 3 320 232 (72%)

Q T.mexicana X T. longipennis 3 142 9% (64%)

Q T. phyllosomus X T. mexicana 3 208? 1562 (75%)

Q T.mexicana X T. phyllosomus 3 392° 295 (75%)

Q T recurva X T longipennis 3 7104783 6.040° (8,4%)

Q T longipennis X T recurva 3 74.8 446" 6.0 0 (8%)

Q T. recurva X T. picturatus g 94.8+396° 5.7 £6.4° (6%)

Q T picturatus X T recurva 3 136.0+£68.9° 12.3+15.4° (8.8%)
Q T.recurva X T. pallidipennis 3 9124773 5.0-£0° (5.5%)

Q T. pallidipennis X T recurva 3 54.0£59.9° 145+ 13.4° (26.8%)
Q T recurva X T mazzottii 3 92.7456.5° 30413°(3.2%)

Q T.mazzottii X T recurva 3 119.8+383° 53406 (4.4%)

Q T recurva X T. phyllosomus 3 127.8+£88.1° 26.0426.7° (20%)

2 Martinez-Ibarra et al. [19]; ® Martinez-Ibarra et al.[20]
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Conclusion

Thus, through reproductive compatibility, we confirm
the generic reorganization of Meccus in Triatoma pro-
posed by Justi et al. [8]. In addition, we highlight the
importance of the correct classification of the species of
the T. phyllosoma subcomplex into this genus to avoid
future misunderstandings by the scientific community
and vector control programs.
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Abstract: Triatoma bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and T. picturata
are species that have great epidemiological importance in the transmission of Chagas disease in
Mexico. However, there is no consensus regarding the specific status of these species, since they
appear in various articles as species, subspecies and even subgenera. Thus, we revisited genetic,
taxonomic and evolutionary data that allowed us to assess and discuss the specific status of these
six species of the T. phyllosoma subcomplex. Phylogenetic studies were performed with nuclear (18S,
285, ITS-2) and mitochondrial (16S, cytb, COI, COII, 12S) markers deposited in GenBank. In addition,
data from experimental crosses were pooled and the genetic distance to the cytb gene was calculated.
The phylogenetic reconstruction enabled us to rescue the six species as independent lineages. Post-
zygotic reproductive isolation barriers (sterility and/or hybrid collapse) were observed for some
experimental crosses. Although the other experimental crosses did not allow us to characterize
reproductive barriers, these species showed high genetic distances in relation to the cytb gene
(ranging from 4.6% to 14.9%). Thus, based on the revisited literature data, we confirmed the specific
status of these six species of the T. phyllosoma subcomplex based on the phylogenetic and biological
concepts of the species.

Keywords: kissing bugs; triatomines; phylogenetic systematics; experimental crosses

1. Introduction

The Chagas disease vectors of the Triatomini tribe (Hemiptera, Triatominae) have been
grouped into eight complexes and nine subcomplexes (Figure 1) [1-5]. Although these
groupings are not recognized by the International Code of Zoological Nomenclature [6],
it has been suggested that they should represent natural groups (monophyletic) [7]. The
Triatoma phyllosoma subcomplex is composed of the species T. bassolsae Alejandre Aguilar
etal., 1999; T. bolivari Carcavallo, Martinez and Pelaez, 1987; T. longipennis (Usinger, 1939);
T. mazzottii (Usinger, 1941); T. mexicana (Herrich-Schaeffer, 1848); T. pallidipennis (Stal, 1872);
T. phyllosoma (Burmeister, 1835); T. picturata (Usinger, 1939) and T. ryckmani Zeled6n and
Ponce, 1972 [1]. With the exception of T. ryckmani, all the species of the T. phyllosoma
subcomplex are endemic to Mexico [8].

Triatoma bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and T. pic-
turata are species that have great epidemiological importance in the transmission of Chagas
disease in Mexico, representing more than 60% of vectorial transmissions of Trypanosoma
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cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae) to humans [9]. In addition to
their epidemiological importance, these insects have a complex taxonomy, since they were
once considered a single species with genetic and morphological polymorphism and/or
subspecies of T. phyllosoma [10].

COMPLEXES SUBCOMPLEXES
r \ T. phyllosoma
T. phyllosoma |wp » <
> < T. dimidiata
N. flavida - 7
T. rubrofasciata 4 )
> b, T. brasiliensis

Y
7

I. protracta

\ y T. infestans
{ Y
. . \, J
P. lecticularia e 3
\ < T. maculata
- Z
T. dispar > <
> v, T. pseudomaculata
. \ J
T. infestans » s 9
\ < T. rubrovaria
- - 7
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\ J T. sordida
\_ J
4 a
T. vitticeps
\ v

Figure 1. Complexes and subcomplexes that are used to group the species of the Triatomini tribe.
The shaded groupings represent species that have already been reported in Mexico.

Triatoma bassolsae was described in 1999 as a species of the genus Triatoma Laporte,
1832 [11]. In 2000, Carcavallo et al. [12] suggested the reclassification of the species to the
genus Meccus Stal, 1859, and recently Justi et al. [7] and Cesaretto et al. [13] demonstrated
that it is a species of Triatoma. Triatoma longipennis was described 1939 as a species of the
genus Triatoma [14]. In 1944, it was considered as a subspecies: T. p. longipennis [15]. In
2000, Carcavallo et al. [12] suggested that the subspecies was a species and grouped it into
the genus Meccus. Recently it was demonstrated that this species belongs to the genus
Triatoma [7,13]. Triatoma mazzottii was described 1941 as a species of the genus Triatoma [16].
In 1943/1944, it was considered a subspecies (T. p. mazzottii) [15,17]. Later, it came to be
considered as a species and was classified in the genus Meccus [12] and recently it has been
regrouped into the genus Triatoma [7,13].

Triatoma pallidipennis was described in 1872 as a species of the genus Triatoma [18]. In
1943/1944, it was considered a subspecies (T. p. pallidipennis) [15,17]. In 2000, it started to
be considered a species and was placed in the genus Meccus [12]. Recently Justi et al. [7]
and Cesaretto et al. [13] demonstrated that it is a speciesof Triatoma. Triatoma phyllosoma
was described in 1835 as a species of the genus Conorhinus [19]. In 1930, it came to be
considered a species of the genus Triatoma [20]. In 2000, it was classified in the genus
Meccus [12] and recently it has been regrouped into the genus Triatorna [7,13]. Finally,
T. picturata was described in 1939 as a species of the genus Triatoma [14]. In 1943/1944, it
was considered a subspecies (T. p. picturata) [15,17]. In 2000, Carcavallo et al. [12] suggested
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that the subspecies was a species and grouped it into the genus Meccus. Recently it was
demonstrated that this species belongs to the genus Triatoma [7,13].

As demonstrated above, the generic status of the T. phyllosoma subcomplex species has
also been widely discussed. The first species of this genus was described as Conorhinus phyl-
losoma Burmeister, 1835 [19]; in 1859 the species was transferred to the genus Meccus [20]; in
1930 it was transferred to the genus Triatoma [21]; in 2000 the genus Meccus was revalidated
based on morphological data [12] (alteration corroborated by Hypsa et al. [22] through
molecular studies); and in 2014 the genus Meccus was synonymized with Triatoma using
more sophisticated phylogenetic reconstruction methods [7] (generic alteration recently
confirmed by experimental crosses [13]).

Recently, Rengifo-Correa et al. [23] proposed an identification key for the T. phyllosoma
species group (involving species of the T. phyllosoma and T. dimidiata subcomplexes) and
suggested that T. bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and T.
picturata should be considered species. However, there is no consensus among researchers
between the specific status of these species, since they appear in articles as species [23],
subspecies [24,25] and even subgenera [26,27]. Thus, we revisited genetic, taxonomic and
evolutionary data that allowed us to assess and discuss the specific status of these six
species of the T. phyllosoma subcomplex.

2. Materials and Methods

Sequences of eight molecular markers obtained in GenBank (mitochondrial markers:
16S, cytb, COI, COII and 12S; nuclear markers: 185, 285 and ITS-2) (Table 1) were used for
the T. phyllosoma subcomplex species (T. bassolsae, T. longipennis, T. mazzottii, T. pallidipennis,
T. phyllosoma and T. picturata) and for two Triatoma species (T. brasiliensis Neiva, 1911 and
T. vitticeps (Stal, 1859)), which were designated as an outgroup (Table 1). The sequences
were submitted to the MEGA X program [28] and aligned using the muscle method [29]. The
alignments of each marker were concatenated by name using the Seaview4 program [30]
and converted with the Mesquite program [31], resulting in an alignment with eight taxa
and 5556 nucleotides.

Table 1. GenBank access codes of sequences used in the molecular analysis of the T. phyllosoma
subcomplex species and respective nucleotide substitution models. - represents genes that have not
been sequenced.

Molecular Markers

(Substitution Models)
Species
16S 185 28S Cytb corl coIir ITS-2 128
(GTR+I+G) (HKY +I) (HKY) (HKY+G) (GTR+1D) (HKY) (HKY) (GTR)
T. phyllosoma
subcomplex
T. pallidipennis KC249045 AJ243330 - DQ198814 - - AJ286882  AF394522
T. longipennis KC249031 - KC249177  KC249267  KC249357  KC249452  KC698909 -
T. mazzottii AY035446 AJ243333 - DQ198816  DQ198805 - KC698911 -
T. picturata AY035447 AJ243332 - DQ198817 - - KC698910 -
T. phyllosoma - AJ243329 - DQ198818  DQ198806 - KC698912 -
T. bassolsae - - - MK317878 - - MK?248256 -
Outgroup
T. brasiliensis KC248985 AJ421957 KC249145  KC249239  KC249318  KC249413 - AF021187
T. vitticeps KC249087 KC249132  KC249220  KC249303  KC249396  K(C249491 - AF021217

The concatenated alignment was partitioned for each marker and the best nucleotide
substitution model (lowest Akaike information criterion value) was individually deter-
mined in the jModelTest 2 program [32] (Table 1). Data were submitted to MrBayes 3.2 [33]
for phylogenetic reconstruction using a Bayesian approach, with a total of 100 million
generations. Trees were sampled every 1000 generations in two independent runs, with
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burn-in adjusted to 25%. The Tracer v. 1.7 program [34] was used to verify the stabilization
(ESS values above 200) of the sampled trees and the generated phylogenetic tree was
viewed and edited in the FigTree v.1.4.4 program [35], being rooted at the midpoint. A
concatenated sequence tree was produced based on the mitochondrial and nuclear genes
once the concatenation approach had yielded more accurate trees, even when the concate-
nated sequences had evolved with very different substitution patterns [36]. The genetic
distance matrix between the T. phyllosoma subcomplex species was obtained in the MEGA
X program 21 based on the cytb sequences (Table 2) using the Kimura 2-parameter distance
model [37]. The use of only one specimen of each species in the matrix was justified because
the objective of this genetic distance analysis was to assess the taxonomic status of each
of the six taxa of this subcomplex (interspecific) and not to carry out population studies
(intraspecific).

Table 2. Genetic distance matrix for the cytochrome b gene.

Species 1 2 3 4 5 6 7 8
1 T. pallidipennis
2 T. longipennis 0.104
3 T. mazzottii 0.136 0.102
4 T. picturata 0.090 0.106 0.148
5 T. phyllosoma 0.124 0.091 0.122 0.147
6 T. bassolsae 0.046 0.099 0.149 0.084 0.132
7 T. brasiliensis 0.315 0.296 0.326 0.360 0.276 0.336
8 T. vitticeps 0.295 0.267 0.295 0.265 0.267 0.256 0.302

3. Results and Discussion

The phylogenetic reconstruction, obtained by combining different mitochondrial and
nuclear markers, could be used to rescue the six species of the T. phyllosoma subcomplex
as independent lineages with strong bootstrap values (values > 70%) [38] (with support
values ranging from 0.82 to 1) (Figure 2). In addition, these species showed high genetic
distances from the cytb gene, ranging from 4.6% to 14.9% (Table 2).

Phylogenetic studies performed by Martinez-Ibarra et al. [10] and Martinez et al. [39]
led those authors to propose changing the specific status of species T. bassolsae, T. longipennis,
T. mazzottii, T. pallidipennis, T. phyllosoma and T. picturata to subspecies of T. phyllosoma
(T. p. bassolsae, T. p. longipennis, T. p. mazzottii, T. p. pallidipennis, T. p. phyllosoma and
T. p. picturata). However, the phylogenetic reconstruction obtained by combining different
mitochondrial and nuclear markers enabled us to rescue the six species of the T. phyllosoma
subcomplex as independent lineages (Figure 2), confirming the specific status of these
vectors based on the phylogenetic concept of species (“ ... the smallest diagnosable cluster
of individual organisms forming a monophyletic group within which there is a parental
pattern of ancestry and descent” [40]).

Post-zygotic reproductive isolation barriers (sterility and/or hybrid collapse) that
make the hybrids resulting from the crosses between T. mazzotti and most other species
of the T. phyllosoma subcomplex unfeasible, as well as those between T. phyllosoma and
T. pallidipennis and between T. phyllosoma and T. bassolsae, were described by Martinez-
Ibarra [41-43] (Table 3). The characterization of these barriers under laboratory conditions
confirmed the specific status of the parent species based on the biological species concept
(“ ... groups of actually or potentially interbreeding natural populations, which are re-
productively isolated from other such groups” [44,45]). Although the other experimental
crosses did not allow the characterization of interspecific reproductive barriers (Table 3),
these species showed high genetic distances from the cytb gene (the choice of the cytb
gene to calculate the genetic distance was based on the minimum interspecific distance
established by Monteiro et al. [46]), ranging from 4.6% to 14.9% (Table 2), which confirmed
the specific status of all taxa, since these were greater than the minimum value established
to separate species using the cytb gene (2%) [46].
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Figure 2. Bayesian phylogenetic tree. The posterior probability is indicated in the nodes.
Table 3. Experimental crosses carried out between species of the phyllosoma subcomplex.
Experimental Crosses Pre-ZYgOtlc POSt-Zngtlc References
Barriers Barriers
QT. mazzottii x &'T. longipennis Absent Hybrid Collapse Martinez-Ibarra et al. [41]
' T. mazzottii x QT. longipennis Absent Hybrid Collapse Martinez-Ibarra et al. [41]
QT. mazzottii x &'T. picturata Absent Hybrid sterility Martinez-Ibarra et al. [41]
o'T. mazzottii x QT. picturata Absent Hybrid sterility Martinez-Ibarra et al. [41]
QT. mazzottii X I T. pallidipennis Absent Hybrid sterility Martinez-Ibarra et al. [41]
d'T. mazzottii x QT. pallidipennis Absent Hybrid sterility Martinez-Ibarra et al. [41]
QT. mazzottii x S'T. bassolsae Absent Hybrid sterility Martinez-Ibarra et al. [41]
QT. phyllosoma x J'T. pallidipennis Absent Hybrid sterility Martinez-Ibarra et al. [42]
QT. pallidipennis x &'T. phyllosoma Absent Hybrid sterility Martinez-Ibarra et al. [42]
QT. phyllosoma x J'T. bassolsae Absent Hybrid sterility Martinez-Ibarra et al. [42]
QT. bassolsae x &'T. phyllosoma Absent Hybrid sterility Martinez-Ibarra et al. [42]
QT. longipennis x &'T. picturata Absent Absent Martinez-Ibarra et al. [41]
J'T. longipennis x QT. picturata Absent Absent Martinez-Ibarra et al. [41]
QT. phyllosoma x J&'T. longipennis Absent Absent Martinez-Ibarra et al. [42]
QT. longipennis x J'T. phyllosoma Absent Absent Martinez-Ibarra et al. [42]
QT. phyllosoma x J'T. picturata Absent Absent Martinez-Ibarra et al. [42]
QT. picturata x S'T. phyllosoma Absent Absent Martinez-Ibarra et al. [42]
QT. phyllosoma x & T. mazzottii Absent Absent Martinez-Ibarra et al. [42]
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Table 3. Cont.

Experimental Crosses Pr;;fl?;%::ic Po;z§¥§ztic References

QT. mazzottii X S'T. phyllosoma Absent Absent Martinez-Ibarra et al. [42]
QT. bassolsae x J'T. pallidipennis Absent Absent Martinez-Ibarra et al. [42]
QT. pallidipennis x &'T. bassolsae Absent Absent Martinez-Ibarra et al. [42]
QT. bassolsae x J'T. longipennis Absent Absent Martinez-Ibarra et al. [42]
QT. longipennis x J'T. bassolsae Absent Absent Martinez-Ibarra et al. [42]
QT. bassolsae x J'T. picturata Absent Absent Martinez-Ibarra et al. [42]
QT. picturata x &'T. bassolsae Absent Absent Martinez-Ibarra et al. [42]
QT. longipennis x &'T. pallidipennis Absent Absent Martinez-Ibarra et al. [43]
QT. pallidipennis x &'T. longipennis Absent Absent Martinez-Ibarra et al. [43]
QT. pallidipennis x J'T. picturata Absent Absent Martinez-Ibarra et al. [43]
QT. picturata x &'T. pallidipennis Absent Absent Martinez-Ibarra et al. [43]

Usinger [15] was the first researcher to question the specific status of T. longipen-
nis, T. mazzottii, T. pallidipennis, T. phyllosoma and T. picturata, suggesting the shifting of
T. phyllosoma from a species to subspecies (considering this species as polytypic). Lent
and Wygodinsky [47], based on morphological data, elevated its status to a species. On
the other hand, Marcilla et al. [48], Martinez et al. [39], Martinez-Ibarra et al. [10] and
Bargues et al. [49] performed molecular studies and observed very low interspecific vari-
ations, suggesting that classifying the species as subspecies would be more appropriate.
However, Renfigo-Correa et al. [23,50], based on the phenetics and cohesion species con-
cept considered T. bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and
T. picturata as valid species. These concepts suggest, respectively, that "a species is a set
of organisms that are phenotypically similar and that look different from other sets of
or-ganisms [51]" and "a species is an evolutionary lineage that serves as the arena of action
of basic micro-evolutionary forces, such as gene flow—when applicable—genetic drift and
natural selection [52]".

As mentioned above, although T. longipennis, T. pallidipennis and T. picturata live in
sympatry and produce natural hybrids [10], there is some evolutionary factor that makes
these hybrids unfeasible under natural conditions [which was not visualized under artificial
conditions (Table 3)], since these taxa have a high interspecific genetic distance (Table 2),
which demonstrates the genetic integrity of the three species, possibly resulting from
reproductive isolation due to a post-zygotic barrier (a barrier that possibly inhibits the
backcrossing and gene introgression between T. longipennis, T. pallidipennis and T. picturata
under natural conditions).

Chagas disease is one of the most important yet neglected parasitic diseases in Mexico
and is transmitted by Triatominae [53]. Nineteen of the 31 Mexican triatomine species are
considered important species from an epidemiological point of view (including the six
species studied here), as they invade human houses and all have been found to be naturally
infected with T. cruzi [53]. The precise classification of T. bassolsae, T. longipennis, T. mazzottii,
T. pallidipennis, T. phyllosoma and T. picturata species has epidemiological implications, as it
allows vector control programs to direct monitoring and control activities directly to the
species with the greatest vector importance.

These six species have interspecific morphological divergences that allow the species
to be differentiated (also allowing the organization of dichotomous keys) [23,47]. Fur-
thermore, the study of their external female genitalia [54] and the eggs [55] by means of
scanning electron microscopy showed significant interspecific differences that allowed for
the confirmation of the specific status of the species.
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4. Conclusions

Thus, based on the literature data that were revisited and discussed here (morpho-
logical, genetic and evolutionary data), we confirmed the specific status of T. bassolsae,
T. longipennis, T. mazzottii, T. pallidipennis, T. phyllosoma and T. picturata based on the phylo-
genetic, phenetic, cohesion and biological concepts of the species. Finally, we consider it
important to carry out further studies to evaluate the presence/absence of interspecific gene
flow (such as microsatellite markers and next-generation sequencing) between T. phyllosoma
subcomplex species under natural conditions.
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RESGATANDO DADOS SOBRE HIBRIDAGAO ENTRE OS
VETORES DA DOENCA DE CHAGAS DO SUBCOMPLEXO
PHYLLOSOMA

Natalia Regina Cesaretto!, Amanda Ravazi' e Kaio Cesar Chaboli Alevi'-?

1. Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP), Instituto de Biociéncias,
Botucatu, SP, Brasil;

2. Laboratério de Parasitologia, Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP),
Faculdade de Ciéncias Farmacéuticas, Araraquara, Sdo Paulo, Brasil.

RESUMO

O subcomplexo Phyllosoma é composto pelas espécies Triatoma bassolsae, T. bolivari, T.
longipennis, T. mazzottii, T. mexicana, T. pallidipennis, T. phyllosoma, T. picturata e T.
ryckmani. Com exceg¢ao de T. ryckmani que nunca foi notificada no México, todas as
espécies do subcomplexo Phyllosoma sao endémicas do México. Desde 1942, estudos de
hibridacdo vém sendo realizados entre esses triatomineos, o que resultou em diversas
propostas taxonémicas, como, por exemplo, que parte das espécies do subcomplexo
Phyllosoma representava uma unica espécie com polimorfismo genético e morfolédgico ou,
até mesmo, que esses insetos deveriam ser considerados como subespécies. Além disso,
estudos epidemiolégicos foram realizados para avaliar a competéncia vetorial dos hibridos.
Considerando que os estudos dos hibridos podem ajudar a compreender a sistematica e
taxonomia dos triatomineos, podem ser usados para analisar os mecanismos de isolamento
que limitam o fluxo génico entre as diferentes espécies, assim como podem ser empregados
para o estabelecimento do papel da hibridagao natural na geragao de novas variantes,
apresentamos uma revisao sobre os estudos de hibridagdo entre os vetores da doenca de
Chagas do México agrupados no subcomplexo Phyllosoma.

Palavras-chave: Triatomineos, Subcomplexo Phyllosoma e Cruzamentos experimentais.

ABSTRACT

The Phyllosoma subcomplex is composed of the species Triatoma bassolsae, T. bolivari, T.
longipennis, T. mazzottii, T. mexicana, T. pallidipennis, T. phyllosoma, T. picturata and T.
ryckmani. With the exception of T. ryckmani which was never reported in Mexico, all species
of the Phyllosoma subcomplex are endemic to Mexico. Since 1942, hybridization studies have
been carried out among these triatomines, which resulted in several taxonomic proposals,
such as, for example, that part of the species in the Phyllosoma subcomplex represented a
single species with genetic and morphological polymorphism, or even that these insects
should be considered as subspecies. In addition, epidemiological studies were carried out to
evaluate the vectorial competence of hybrids. Whereas hybrid studies can help to understand
the systematics and taxonomy of triatomines, can be used to analyze the isolation
mechanisms that limit gene flow between different species, as well as can be used to
establish the role of natural hybridization in the generation of new variants, we present a

Atualidades em Medicina Tropical na América do Sul: Vetores




review of hybridization studies among Chagas disease vectors in Mexico grouped in the
Phyllosoma subcomplex.
Keywords: Triatomines, Phyllosoma subcomplex and Experimental crosses.

1. INTRODUGCAO

Os triatomineos sao insetos hemato6fagos de grande importancia para a saude publica,
pois sdo considerados como a principal forma de transmissao do protozoario Trypanosoma
cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae), agente etioldgico da doenga de
Chagas (WHO, 2021). Existem 157 espécies na subfamilia Triatominae, que s&o agrupadas
em cinco tribos: Alberproseniini, Bolboderini, Cavernicolini, Rhodniini e Triatomini (ALEVI et
al., 2021; DALE; JUSTI; GALVAO, 2021; ZHAO; GALVAQ; CAI W, 2021).

Os vetores da tribo Triatomini sdo agrupados em oito complexos e nove
subcomplexos, a saber, complexos Phyllosoma, Flavida, Rubrofasciata, Protracta,
Lecticularia, Dispar, Infestans e Spinolai e subcomplexos Dimidiata, Phyllosoma, Brasiliensis,
Infestans, Maculata, Pseudomaculata, Rubrovaria, Sordida e Vitticeps (SCHOFIELD;
GALVAO, 2009; PITA et al., 2016; JUSTI; GALVAO, 2017; ALEVI et al., 2017). Embora esses
agrupamentos nao sejam reconhecidos pelo Caédigo Internacional de Nomenclatura
Zooldgica, sugere-se que eles devam representar grupos naturais (JUSTI et al., 2014).

O subcomplexo Phyllosoma é composto pelas espécies Triatoma bassolsae Alejandre
Aguilar et al., 1999, T. bolivari Carcavallo, Martinez & Pelaez, 1987, T. longipennis (Usinger,
1939), T. mazzottii (Usinger, 1941), T. mexicana (Herrich-Schaeffer, 1848), T. pallidipennis
(Stal, 1872), T. phyllosoma (Burmeister, 1835), T. picturata (Usinger, 1939) e T. ryckmani
Zeledodn & Ponce, 1972 (SCHOFIELD; GALVAO, 2009). Com excegédo de T. ryckmani que
nunca foi notificada no México, todas as espécies do subcomplexo Phyllosoma séao
endémicas do México (GALVAO et al., 2003). Além dessas espécies, Belminus costaricensis
Herrer, Lent & Wygodzinsky, 1954, Rhodnius prolixus Stal, 1859, Dipetalogaster maxima
(Uhler, 1894), Eratyrus cuspidatus Stal, 1859, Paratriatoma hirsuta Barber, 1938,
Panstrongylus geniculatus (Latreille, 1811), P. rufotuberculatus (Champion, 1899), T. barberi
Usinger, 1939, T. bouvieri Larrousse, 1924, T. brailovskyi Martinez, Carcavallo & Pelaez,
1984, T. dimidiata (Latreille, 1811), T. gerstaeckeri (Stal, 1859), T. gomeznunezi Martinez,
Carcavallo & Jurberg, 1994, T. hegneri Mazzotti, 1940, T. incrassata Usinger, 1939, T.
indictiva Neiva, 1912, T. infestans (Klug, 1834), Paratriatoma lecticularia (Stal, 1859), T.
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neotomae Neiva, 1911, T. nitida Usinger, 1939, T. peninsularis Usinger, 1940, T. protracta
(Uhler, 1894), T. recurva (Stal, 1868), T. rubida (Uhler, 1894), T. sanguisuga (Leconte, 1855)
e T. sinaloensis Ryckman, 1962 ja foram notificadas no pais (GALVAO et al., 2003; RAMSEY
et al., 2015).

Desde 1942, estudos de hibridagdo vém sendo realizados entre triatomineos do
México (MAZZOTI; OSORIO, 1942), o que resultou em diversas propostas taxonémicas,
como, por exemplo, que parte das espécies do subcomplexo Phyllosoma representava uma
unica espécie com polimorfismo genético e morfologico (MARTINEZ-IBARRA et al.,2010) ou,
até mesmo, que esses insetos deveriam ser considerados como subespécies (MAZZOTI;
OSORIO, 1942; MAZZOTI, 1943). Além disso, estudos epidemiolégicos foram realizados
para avaliar a capacidade e competéncia vetorial dos hibridos (MARTINEZ-IBARRA et al.,
2016a,b).

Considerando que os estudos dos hibridos podem ajudar a compreender a sistematica
e taxonomia dos triatomineos (PEREZ et al., 2005; ALEVI e tal., 2017; NASCIMENTO et al.,
2019; NEVES et al., 2020), podem ser usados para analisar os mecanismos de isolamento
que limitam o fluxo génico entre as diferentes espécies, assim como podem ser empregados
para o estabelecimento do papel da hibridagdo natural na geracdo de novas variantes
(PEREZ et al., 2005), apresentamos uma reviséo sobre os estudos de hibridac&o entre os

vetores da doenga de Chagas do México agrupados no subcomplexo Phyllosoma.

2. REVISAO DA LITERATURA

2.1. CRUZAMENTOS ENTRE ESPECIES DO SUBCOMPLEXO PHYLLOSOMA

Como mencionado acima, Mazzotti e Osorio (1942) e Mazzotti (1943) avaliaram, por
meio de cruzamentos experimentais, o grau de isolamento reprodutivo entre espécies do
subcomplexo Phyllosoma e propuseram o status de subespécie para T. pallidipennis, T.
picturata e T. mazzottii, uma vez que baixo grau de isolamento foi observado. No entanto,
Martinez-lbarra et al. (2008) destacaram que os autores utilizaram um pequeno numero de
cruzamentos experimentais para chegar a essa conclusdo e, ao realizaram diversos
cruzamentos interespecificos entre espécies do subcomplexo Phyllosoma (Tabela 1),

concluiram que T. mazzottii deve ser considerada como espécie e sugeriram que T.
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longipennis e T. picturata sejam subespécies [uma vez que nenhuma barreira reprodutiva foi
observada para o cruzamento entre essas espécies que vivem em simpatria no oeste do
México (MARTINEZ-IBARRA et al., 2008)].

Além de T. longipennis e T. picturata, outras espécies do subcomplexo Phyllosoma,
quando cruzadas experimentalmente, ndo apresentaram barreiras reprodutivas pré e poés-
zigoéticas (Tabela 1). Cruzamentos entre T. pallidipennis e T. longipennis e entre T.
pallidipennis e T. picturata, por exemplo, demonstraram interfertilidade total (ou seja,
auséncia de barreiras reprodutivas) (Tabela 1). Esse fato, associado a ocorréncia de hibridos
naturais férteis (MARTINEZ-IBARRA et al., 2005), sugerem que essas espécies também
devem ser consideradas como subespécies (MARTINEZ-IBARRA et al., 2008). Além disso,
Martinez-lbarra et al. (2008) também sugeriram que T. picturata e T. longipennis podem ser
consideradas subespécies de T. phyllosoma [uma vez que barreiras reprodutivas também
nao foram observadas entre elas (Tabela 1)].

Barreira reprodutiva pds-zigotica do tipo esterilidade do hibrido foi inicialmente
relatada por Zarate et al. (1985) ao cruzar T. mazzottii e T. longipennis. Contudo, Martinez-
Ibarra et al. (2008) ao cruzar novamente essas espécies, observaram que a infertilidade do
hibrido se instalava a partir da segunda geracéo (F2), caracterizando o fendmeno evolutivo
de desmoronamento do hibrido (Tabela 2). Essa barreira reprodutiva pds-zigotica proposto
por Dobzhansky (1970) esta relacionada com a baixa viabilidade ou fertilidade dos hibridos,
a partir da F2 [possivelmente associada com uma desregulagcado genética proveniente do
crossing over que ocorre nos cromossomos hemedlogos dos hibridos em primeira geragéo
(F1) (MENDONCGCA et al., 2014)].

Embora hibridos F1 tenham sido obtidos para todas as combinag¢des de cruzamentos
realizadas entre as espécies do subcomplexo Phyllosoma (Tabela 1), a presenca de hibridos
estéreis permite confirmar o status especifico de algumas espécies desse subcomplexo,
como, por exemplo, T. mazzotti. A grande compatibilidade reprodutiva interespecifica entre
as espécies do subcomplexo Phyllosoma [que resulta na auséncia de barreiras reprodutivas
(Tabela 1)], associada com dados moleculares (BARGUES et al., 2008), levaram a sugestéo
de que todas as espécies desse subcomplexo representassem subespécies de uma unica
espécie, a saber, T. phyllosoma (BARGUES et al., 2008; MARTINEZ et al., 2010; MARTINEZ
et al., 2011a). No entanto, eventos de esterilidade e desmoronamento do hibrido (Tabela 1)
demonstram que existe mais de um taxon envolvido com esse subcomplexo, com base no
conceito bioldgico de espécies (MAYR, 1963; DOBZHANSKY, 1970).
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Cruzamentos interespecificos entre T. mexicana e as outras espécies do subcomplexo
Phyllosoma confirmaram o status especifico de T. mexicana, uma vez que barreiras pré e
pos-zigoticas foram observadas (Tabela 1). Diferente do observado, até o momento, para os
cruzamentos entre as espécies desse subcomplexo (Tabela 1), o evento pds-zigdtico que
cessa o fluxo génico interespecifico entre T. mexicana e os outros taxons é a inviabilidade
do hibrido (Tabela 1). Martinez-lbarra et al. (2011b) observaram que todos hibridos em fase
ninfal apresentavam teratologias, o que influenciava diretamente no processo de
hematofagia e, consequentemente, acarretava na mortalidade desses insetos antes mesmo
de atingirem a fase adulta (eventos decorrentes da inviabilidade do hibrido).

Triatoma bassolsae apresenta compatibilidade reprodutiva com diversas outras
espécies do subcomplexo Phyllosoma, o que levou a Martinez-lbarra et al. (2011a) a
sugerirem que esse taxon seja uma subespécie. Como mencionado acima, considerar esses
taxons como espécies, subespécies ou morfotipos apresenta grande implicagéao
epidemiologica (MARTINEZ-HERNANDEZ et al. 2010), sendo necessario que o status das
espécies do subcomplexo Phyllosoma seja definido. Davila-Barbosa et al. (2020) ressaltaram
que o evento evolutivo de introgress&o ocorre entre as espécies desses subcomplexo, uma
vez que baixa divergéncia genética é observada entre esses insetos (e, consequentemente,
seus hibridos).

Martinez-lbarra et al. (2016) analisaram a competéncia vetorial de hibridos do
subcomplexo Phyllosoma e observaram que esses organismos tém maior capacidade para
se infectar e transmitir o T. cruzi do que os parentais. Levando em consideragao que hibridos
naturais ja foram notificados no México (MARTINEZ-IBARRA et al., 2005), esses resultados
podem indicar maior risco de transmissdo do agente etiolégico da doenga de Chagas no

pais.

Tabela 1. Cruzamentos experimentais realizados entre as espécies do subcomplexo Phyllosoma.

Cruzamentos Experimentais Barreiras Barreiras Referéncias
pré-zigoticas pos-zigobticas

Q T. pallidipennis x 3 T. mexicana Presente - Martinez-lbarra et al. (2011b)
Q T. mexicana x & T. pallidipennis Presente - Martinez-lbarra et al. (2011b)
Q T. bassolsae x & T. mexicana Presente - Martinez-lbarra et al. (2011b)
Q T. mexicana x & T. bassolsae Presente - Martinez-lbarra et al. (2011b)
Q T. longipennis x & T. mexicana Presente - Martinez-lbarra et al. (2011b)
Q T. mazzottii x 3 T. longipennis Ausente Desmoronamento do hibrido ~ Martinez-Ibarra et al. (2008)
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& T. mazzottii x @ T. longipennis Ausente Desmoronamento do hibrido  Martinez-Ibarra et al. (2008)
Q T. mazzottii x 3 T. picturata Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
& T. mazzottii x @ T. picturata Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
Q T. mazzottii x 3 T. pallidipennis Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
& T. mazzottii x Q@ T. pallidipennis Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
Q T. mazzottii x 3 T. bassolsae Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
& T. mazzottii x @ T. bassolsae Ausente Esterilidade do hibrido Martinez-lbarra et al. (2008)
Q T. phyllosoma x & T. pallidipennis Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011a)
Q T. pallidipennis x & T. phyllosoma Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011a)
Q T. phyllosoma x & T. bassolsae Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011a)
Q T. bassolsae x & T. phyllosoma Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011a)
Q T. mazzottii x 3 T. mexicana Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q@ T. mexicana x & T. mazzottii Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q T. picturata x & T. mexicana Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q T. mexicana x & T. picturata Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q@ T. mexicana x & T. longipennis Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q T. phyllosoma x & T. mexicana Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q@ T. mexicana x & T. phyllosoma Ausente Esterilidade do hibrido Martinez-lbarra et al. (2011b)
Q T. longipennis x & T. picturata Ausente Ausente Martinez-lbarra et al. (2008)
& T. longipennis x @ T. picturata Ausente Ausente Martinez-lbarra et al. (2008)
Q T. phyllosoma x & T. longipennis Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. longipennis x & T. phyllosoma Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. phyllosoma x & T. picturata Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. picturata x 3 T. phyllosoma Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. phyllosoma x & T. mazzottii Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. mazzottii x 3 T. phyllosoma Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. bassolsae x & T. pallidipennis Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. pallidipennis x 3 T. bassolsae Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. bassolsae x & T. longipennis Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. longipennis x & T. bassolsae Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. bassolsae x & T. picturata Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. picturata x 3 T. bassolsae Ausente Ausente Martinez-lbarra et al. (2011a)
Q T. longipennis x & T. pallidipennis Ausente Ausente Martinez-lbarra et al. (2009)
Q T. pallidipennis x & T. longipennis Ausente Ausente Martinez-lbarra et al. (2009)
Q T. pallidipennis x & T. picturata Ausente Ausente Martinez-lbarra et al. (2009)
Q T. picturata x & T. pallidipennis Ausente Ausente Martinez-lbarra et al. (2009)
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2.2 CRUZAMENTOS ENTRE ESPECIES DO SUBCOMPLEXO PHYLLOSOMA E OUTROS
SUBCOMPLEXOS

Além dos cruzamentos realizados entre as espécies do subcomplexo Phyllosoma
(Tabela 1), os triatomineos desse subcomplexo foram cruzados com espécies de outros
complexos [como Lecticularia (MARTINEZ-IBARRA et al., 2015)] e subcomplexos [como
Dimidiata (CESARETTO et al., 2021)] (Tabela 2).

Hibridos foram obtidos para alguns cruzamentos entre T. recurva e as espécies do
subcomplexo Phyllosoma (Tabela 2). Essa compatibilidade genética pode estar associada
com a relagao de proximidade filogenética demonstrada recentemente para essas espécies
(que foram agrupadas no grupo Phyllosoma) (JUSTI; GALVAO; SCHRAGO, 2016;
RENGIFO-CORREA et al., 2021). No entanto, barreiras reprodutivas pré e pds-zigéticas
confirmaram o status especifico de T. recurva (Tabela 2).

Por muitos anos, T. bassolsae, T. longipennis, T. mazzottii, T. pallidipennis, T.
phyllosoma e T. picturata foram agrupados no género Meccus Stal, 1859 (GALVAO et al.,
2003). Martinez-Ibarra et al. (2015), a partir dos cruzamentos experimentais, sugeriram que
a tribo Triatomini precisava de uma revisdo genérica, uma vez que espécies de diferentes
géneros apresentavam algum grau de compatibilidade reprodutiva (como Meccus spp. e T.
mexicana e T. recurva). Cesaretto et al. (2021), a partir dessas informagdes e da
compatibilidade reprodutiva observada entre T. phyllosoma e T. mopan (Tabela 2)
destacaram que a presenca de compatibilidade genémica entre esses organismos corrobora
uma reorganizagao genérica das espécies do género Meccus para o género Triatoma

Laporte, 1832 (atualmente Meccus é sinbnimo de Triatoma).

Tabela 2. Cruzamentos experimentais realizados entre espécies do subcomplexo
Phyllosoma com espécies de outros agrupamentos (complexo Lecticularia e subcomplexo

Dimidiata).
Cruzamentos Experimentais Barreiras Barreiras Referéncias
pré-zigéticas pos-zigobticas

Q T. phyllosoma x & T. recurva Presente - Martinez-lbarra et al. (2015)
Q T. recurva x 3 T. bassolsae Presente - Martinez-lbarra et al. (2015)
Q T. bassolsae x & T. recurva Presente - Martinez-lbarra et al. (2015)
Q T. recurva x & T. mexicana Presente - Martinez-lbarra et al. (2015)
Q@ T. mexicana x & T. recurva Presente - Martinez-lbarra et al. (2015)
Q T. longipennis x & T. mopan Presente - Cesaretto et al. (2021)
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Q T. recurva x & T. longipennis Ausente Esterilidade do hibrido  Martinez-Ibarra et al. (2015

)
Q T. longipennis x & T. recurva Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. recurva x 3 T. picturata Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. picturata x 3 T. recurva Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. recurva x & T. pallidipennis Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. pallidipennis x & T. recurva Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. recurva x 3 T. mazzottii Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. mazzottii x 3 T. recurva Ausente Esterilidade do hibrido  Martinez-lbarra et al. (2015)
Q T. mopan x & T. longipennis Ausente Esterilidade do hibrido Cesaretto et al. (2021)
Q T. recurva x 3 T. phyllosoma Ausente Ausente Martinez-lbarra et al. (2015)

3. CONSIDERAGOES FINAIS

Como demonstrado nesse capitulo, os triatomineos do México s&o um dos grupos que
apresentam estudos sobre hibridacao. Esses resultados contribuiram para o conhecimento
taxondémico, sistematico, genético, bioldgico e epidemiolégico do subcomplexo Phyllosoma
e da tribo Triatomini. Com base na dificuldade de se definir se T. bassolsae, T. longipennis,
T. mazzottii, T. pallidipennis, T. phyllosoma e T. picturata sdo espécies, subespécies ou
morfotipos, € necessario que um amplo estudo de taxonomia integrativa seja realizado
nesses vetores para esclarecer essa importante questdo que tem implicacédo, sobretudo,

epidemiologica.
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4. CONCLUSOES GERAIS

Nossos resultados demonstram que Meccus ndo é um género valido (o que resultou na sua
sinonimizacdo com Triatoma) e ressaltam que T. bassolsae, T. longipennis, T. mazzottii, T.

pallidipennis, T. phyllosoma e T. picturata sdo espécies validas.
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