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Resumo 

 

Eventos de hibridação entre espécies de Triatoma foram observados em condições naturais e de 

laboratório. A capacidade de produzir híbridos pode influenciar diferentes aspectos das espécies 

parentais, podendo, inclusive, resultar em eventos de introgressão, especiação e extinção. Entre as 

barreiras reprodutivas que resultam na quebra do híbrido, a esterilidade híbrida pode ser decorrente tanto 

de gametas inviáveis (por erros de pareamento cromossômico), como do fenômeno da disgenesia gonadal 

(DG). Até o momento, nenhum híbrido de triatomíneos analisado apresentou DG. No entanto, a análise de 

gônadas masculinas de híbridos resultantes de cruzamentos entre T. longipennis e T. mopan, demonstrou 

que oss testículos estavam atrofiados. Assim, descrevemos, pela primeira vez, o evento de DG em 

híbridos de triatomíneos e destacamos suas implicações taxonômicas e evolutivas. Híbridos foram obtidos 

apenas para cruzamentos entre ♀ T. mopan x T. longipennis ♂. Além disso, intercruzamentos e 

retrocruzamentos não resultaram em descendentes. Curiosamente, as fêmeas híbridas não puseram ovos. 

Análises morfológicas das gônadas masculinas dos híbridos confirmaram que o fenômeno que resultou na 

esterilidade do híbrido foi DG bilateral. Análises citogenéticas dos testículos desses híbridos também 

confirmaram a DG, uma vez que não foram observadas células germinativas. No caso dos híbridos 

fêmeas, a ausência de oviposição é um fator que confirma que os ovários também estão atrofiados. Com 

base no exposto, caracterizamos, pela primeira vez, a DG em triatomíneos e demonstramos que a 

gametogênese não ocorre em gônadas atrofiadas. A caracterização de DG em híbridos resultantes do 

cruzamento de ♀ T. mopan x T. longipennis ♂ destaca a importância de avaliar tanto a morfologia, 

quanto a citogenética das gônadas para confirmar qual evento resultou na esterilidade do híbrido: DG 

(que não produz gametas) ou erros meióticos (que resultam em gametas inviáveis). 

 

Palavras chave: Cruzamentos experimentais. Barreiras pré-zigóticas. Esterilidade do híbrido. 

 

 



 

 

 

 

Abstract 

 

Hybridization events between species of Triatoma were observed under natural and laboratory conditions. 

The ability to produce hybrids can influence different aspects of the parent species, and may even result 

in introgression, speciation and extinction events. Among the reproductive barriers that result in the 

breakdown of the hybrid, hybrid sterility may be due both to unviable gametes (due to chromosomal 

pairing errors) and to the phenomenon of gonadal dysgenesis (GD). So far, none of the triatomine hybrids 

analyzed showed GD. However, the analysis of male gonads from hybrids resulting from crosses between 

T. longipennis and T. mopan, demonstrated that the testes were atrophied. Thus, we describe, for the first 

time, the event of GD in triatomine hybrids and highlight its taxonomic and evolutionary implications. 

Hybrids were obtained only for crosses between ♀ T. mopan x T. longipennis ♂. Furthermore, 

intercrosses and backcrosses did not result in offspring. Interestingly, the hybrid females did not lay eggs. 

Morphological analyzes of the male gonads of the hybrids confirmed that the phenomenon that resulted in 

the sterility of the hybrid was bilateral GD. Cytogenetic analyzes of the testes of these hybrids also 

confirmed GD, since no germ cells were observed. In the case of female hybrids, the absence of 

oviposition is a factor that confirms that the ovaries are also atrophied. Based on the above, we 

characterized, for the first time, GD in triatomines and demonstrated that gametogenesis does not occur in 

atrophied gonads. The characterization of GD in hybrids resulting from the crossing of ♀ T. mopan x T. 

longipennis ♂ highlights the importance of evaluating both the morphology and the cytogenetics of the 

gonads to confirm which event resulted in the sterility of the hybrid: DG (which does not produce 

gametes) or meiotic errors (which result in non-viable gametes). 

 

Keywords: Experimental crosses. Prezygotic barriers. Hybrid sterility. 
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1. INTRODUÇÃO 

A doença de Chagas (DC) é uma doença negligenciada causada pelo protozoário 

Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae) (CHAGAS, 1909; WHO, 

2022). Embora seja encontrada, principalmente, em áreas endêmicas de 21 países continentais da 

América Latina, estima-se que seis a sete milhões de pessoas estejam infectadas com o parasito em 

todo o mundo e que 75 milhões de pessoas vivam em risco de infecção (WHO, 2022). 

Existem diferentes formas de infecção pelo T. cruzi, a saber, por via oral (consumo de carne 

de animal silvestre contaminado com o T. cruzi crua ou mal cozida e aleitamento realizado por 

mães portadoras da doença de Chagas), oral-vetorial (consumo de alimentos processados com as 

fezes/triatomíneos infectados com o T. cruzi), por meio de transfusão de sangue/derivados, pela 

transmissão de mãe para filho (congênita), pelo transplante de órgãos de pacientes contaminados e 

por acidentes de laboratório (WHO, 2022). No entanto, a transmissão vetorial, a partir de fezes e/ou 

urina de triatomíneos contaminada com o T. cruzi, é considerada como a principal via de infecção 

pela Organização Mundial de Saúde (OMS) (WHO, 2022).  

A DC tem cura quando o tratamento com os antitripanosomatídeos benznidazol ou nifurtimox 

é iniciado logo após a infecção (fase aguda) (WHO, 2022). No entanto, essa fase é assintomática ou 

apresenta sintomas inespecificos, o que dificulta o diagnóstico precoce da DC (WHO, 2022). Na 

fase crônica, até 30% das pessoas infectadas desenvolvem alterações cardíacas e até 10% 

desenvolvem alterações digestivas e/ou neurológicas que podem requerer tratamento específico 

(WHO, 2022). Nesses pacientes, o tratamento antiparasitário auxilia no controle da progressão da 

doença, além de previnir a transmissão de forma congênita (WHO, 2022).  

 Entre as diversas estratégias necessárias para mitigar a DC, o controle de vetores é 

considerado pela OMS como um dos métodos-chave para prevenir novos casos da doença na 

América Latina (WHO, 2022). Os triatomíneos são insetos hematófagos e grande parte das espécies 

tem o hábito de defecar/urinar durante ou após o repasto sanguíneo [liberando o parasito próximo 



11 

 

 

 

ao orifício da picada, caso estejam infectados] (WHO, 2022). As espécies de maior importância 

epidemiológica vivem em ambientes domiciliares, associadas a rachaduras de paredes ou telhados 

de casas, ou vivem associadas ao peridomicílio de áreas rurais ou suburbanas, habitando diferentes 

locais/construções, como galinheiros, currais e armazéns (WHO, 2022). De forma geral, esses 

vetores se escondem durante o dia e se tornam ativos à noite, quando saem em busca de alimento 

(WHO, 2022).  

Atualmente, existem 158 espécies de triatomíneos, agupadas em 18 gêneros e cinco tribos 

(ALEVI et al., 2021; GIL-SANTANA et al., 2022; OLIVEIRA CORREIA et al., 2022; TÉLLEZ-

RENDÓN et al., 2023). Triatoma Laporte, 1832, Rhodnius Stål, 1859 e Panstrongylus Berg, 1879 

são os gêneros que agrupam o maior número de espécies com importância epidemiológica (JUSTI 

et al., 2014). Triatoma é o gênero mais diversificado em número de espécies (ALEVI et al., 2021). 

Por ser um gênero parafilético, agrupamentos monofiléticos (complexos e subcomplexos) foram 

propostos para auxiliar no entendimento da relação evolutiva desses vetores (JUSTI et al., 2014, 

2016; PITA et al., 2016) (Tabela 1). 

 

Tabela 1. Complexos e subcomplexos propostos para a tribo Triatomini. 

Complexos Subcomplexos 

Triatoma phyllosoma Triatoma phyllosoma 

 Triatoma dimidiata 

Nesotriatoma flavida  

Triatoma rubrovaria   

Triatoma protracta  

Paratriatoma lecticularia   

Triatoma dispar  

Triatoma infestans Triatoma brasiliensis 

 Triatoma infestans 

 Triatoma maculata 

 Triatoma pseudomaculata 

 Triatoma rubrovaria 

 Triatoma sordida 

 Triatoma vitticeps 
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O complexo T. phyllosoma é um grupo monofilético composto por diversas espécies que 

fazem parte dos subcomplexos T. phyllosoma e T. dimidiata (JUSTI et al., 2014, 2016; REIS et al., 

2023) (Figura 1). Esse grupo foi alvo de diversas mudanças taxonômicas e nomenclaturais (LENT e 

WYGODZINSKY, 1979; CARCAVALLO et al., 2000; HYPSA et al., 2012; CESARETTO et al., 

2021, 2022). Estudos de cruzamentos experimentais demonstram que diversas espécies desse 

complexo são capazes de cruzar e produzir híbridos (CESARETTO et al., 2021, 2022) (Table 2).  

 

 

Figura 1. Espécies que compõem o subcomplexo T. phyllosoma. Retângulo vermelho: espécies do 

complexo T. phyllosoma; retângulo azul: espécies do complexo T. dimidiata. Grupo externo: T. 

rubrofasciata. Adaptado de Reis et al. (2023).  

 

Existem diversas barreiras reprodutivas que impedem a formação e/ou resultam na quebra do 

híbrido em condições naturais, entre elas, barreiras pré-zigóticas e pós-zigóticas (MAYR, 1963, 

1970). Em Triatominae, barreiras ecológicas (DELGADO et al., 2021) e mecânicas (USINGER et 

al., 1966) já foram observadas. Além disso, os fenômenos de inviabilidade (MARTÍNEZ-IBARRA 

et al., 2011; ALEVI et al., 2020; RAVAZI et al., 2021), esterilidade (PÉREZ et al., 2005; RAVAZI 

et al., 2021) e desmoronamento (MENDONÇA et al., 2014; ALEVI et al., 2018) do híbrido 

também foram notificados em condições de laboratório. Entre as espécies do complexo T. 

phyllosoma, barreiras pré-zigóticas [possivelmente incompatibilidade mecânica] e pós-zigóticas 



13 

 

 

 

[esterilidade e desmonoramento do híbrido] já foram observadas (CESARETTO et al., 2021, 2022). 

Além disso, já foi sugerido que isolamento ecológico esteja presente em condições naturais 

(MARTINEZ-HERNANDEZ et al., 2021).  

 

Tabela 2. Cruzamentos interespecíficos realizados no complexo T. phyllosoma e as possíveis 

barreiras reprodutivas detectadas em condição de laboratório. Adaptado de Cesaretto et al. (2022). 

Cruzamentos experimentais 
Barreiras 

pré-zigóticas 

Barreiras  

pós-zigóticas 

♀ T. mazzottii x ♂ T. longipennis Ausente Presente 

♂ T. mazzottii x ♀ T. longipennis Ausente Presente 

♀ T. mazzottii x ♂ T. picturata Ausente Presente 

♂ T. mazzottii x ♀ T. picturata Ausente Presente 

♀ T. mazzottii x ♂ T. pallidipennis Ausente Presente 

♂ T. mazzottii x ♀ T. pallidipennis Ausente Presente 

♀ T. mazzottii x ♂ T. bassolsae Ausente Presente 

♀ T. phyllosoma x ♂ T. pallidipennis Ausente Presente 

♀ T. pallidipennis x ♂ T. phyllosoma Ausente Presente 

♀ T. phyllosoma x ♂ T. bassolsae Ausente Presente 

♀ T. bassolsae x ♂ T. phyllosoma Ausente Presente 

♀ T. mopan x ♂ T. longipennis Ausente Presente 

♀ T. longipennis x ♂ T. picturata Ausente Ausente 

♂ T. longipennis x ♀ T. picturata Ausente Ausente 

♀ T. phyllosoma x ♂ T. longipennis Ausente Ausente 

♀ T. longipennis x ♂ T. phyllosoma Ausente Ausente 

♀ T. phyllosoma x ♂ T. picturata Ausente Ausente 

♀ T. picturata x ♂ T. phyllosoma Ausente Ausente 

♀ T. phyllosoma x ♂ T. mazzottii Ausente Ausente 

♀ T. mazzottii x ♂ T. phyllosoma Ausente Ausente 

♀ T. bassolsae x ♂ T. pallidipennis Ausente Ausente 

♀ T. pallidipennis x ♂ T. bassolsae Ausente Ausente 

♀ T. bassolsae x ♂ T. longipennis Ausente Ausente 

♀ T. longipennis x ♂ T. bassolsae Ausente Ausente 

♀ T. bassolsae x ♂ T. picturata Ausente Ausente 

♀ T. picturata x ♂ T. bassolsae Ausente Ausente 

♀ T. longipennis x ♂ T. pallidipennis Ausente Ausente 

♀ T. pallidipennis x ♂ T. longipennis Ausente Ausente 

♀ T. pallidipennis x ♂ T. picturata Ausente Ausente 

♀ T. picturata x ♂ T. pallidipennis Ausente Ausente 
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Cesaretto et al. (2021) realizaram cruzamentos entre T. mopan e T. longipennis e, a partir da 

eclosão de híbridos em uma das direções, confirmaram a proposta de reorganização genérica do 

gênero Meccus para Triatoma [proposta por Justi et al. (2014) a partir de dados filogenéticos]. Ao 

analisarmos as gônadas masculinas desses híbridos, observamos atrofia dos testículos (sinalizando 

para o possível fenômeno de esterilidade do híbrido por disgenesia gonadal). Esse fenômeno, nunca 

antes relatado nos triatomíneos, pode resultar na atrofia de uma ou ambas as gônadas dos híbridos 

(podendo ser uni ou bilateral) [ALMEIDA; CARARETO, 2022].  

 

2. OBJETIVOS 

2.1 Objetivo geral 

Avaliar a capacidade reprodutiva de híbridos resultantes do cruzamento entre T. mopan e T. 

longipennis, realizando intercruzamentos (híbrido x híbrido) e retrocruzamentos (híbrido x 

parentais) e caracterizar a morfologia e citologia das gônadas masculinas, com ênfase no fenômeno 

de disgenesia gonadal.  

 

2.2 Objetivos específicos  

 Realizar cruzamentos experimentais entre T. mopan e T. longipennis; 

 Realizar intercruzamentos entre os híbridos machos e fêmeas resultantes do cruzamento 

entre ♀ T. mopan x ♂ T. longipennis; 

 Realizar retrocruzamentos entre os híbridos machos e fêmeas e os parentais (T. mopan e 

T. longipennis); 

 Avaliar a morfologia das gônadas masculinas dos híbridos machos adultos resultantes 

do cruzamento entre ♀ T. mopan x ♂ T. longipennis; 

 Avaliar a citologia das gônadas masculinas dos híbridos machos adultos resultantes do 

cruzamento entre ♀ T. mopan x ♂ T. longipennis. 
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3. RESULTADOS E DISCUSSÃO (apresentado na forma de artigo científico) 

3.1 Artigo científico submetido para publicação na revista internacional “Parasites & Vectors” 

(FI 4) 

 

FIRST EVIDENCE OF GONADAL HYBRID DYSGENESIS IN CHAGAS DISEASES 

VECTORS (HEMIPTERA, TRIATOMINAE): GONADS ATROPHY THAT PREVENT 

THE EVENTS OF INTERSPECIFIC GENE FLOW AND INTROGRESSION 

 

ABSTRACT 

Background: Hybridization events between Triatoma spp. have been observed under natural and 

laboratory conditions. The ability to produce hybrids can influence different aspects of the parent 

species, and may even result in events of introgression, speciation and extinction. Hybrid sterility 

can be resultant from unviable gametes (from chromosomal pairing errors) or the phenomenon of 

gonadal dysgenesis (GD). All the triatomine hybrids analyzed so far did not present GD. However, 

when we analyze the male gonads of hybrids resulting from crosses between T. longipennis and T. 

mopan, we observed that the testes were atrophied. Thus, we describe for the first time the event of 

GD in triatomine hybrids and highlight its taxonomic and evolutionary implications. Methods: 

Reciprocal experimental crosses were conducted between T. longipennis and T. mopan. 

Furthermore, intercrosses were performed between the hybrids and backcrosses were performed 

between the hybrids and the parental species. In addition, morphological and cytogenetic analyzes 

were performed on the atrophied gonads of the hybrids. Results: Hybrids were obtained only for 

crosses between ♀ T. mopan x T. longipennis ♂. Intercrosses and backcrosses did not result in 

offspring. Interestingly, hybrid females did not lay eggs. Morphological analyzes of the male 

gonads of the hybrids confirmed that the phenomenon that resulted in the sterility of the hybrid was 

bilateral GD (the gonads of the hybrids were completely atrophied). Furthermore, cytogenetic 

analyzes of the testes hybrids also confirmed GD, once no germ cells were observed (only somatic 
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cells, which make up the peritoneal sheath). In the case of female hybrids, the absence of egg 

production is a factor that confirms that the ovaries are also atrophied. Conclusions: Based on the 

above, we characterized, for the first time, GD in triatomine and demonstrated that gametogenesis 

does not occur in atrophied gonads. The characterization of DG in hybrids resulting from the 

crossing of ♀ T. mopan x T. longipennis ♂ highlights the importance of evaluating both the 

morphology and the cytogenetics of the gonads to confirm which event resulted in the sterility of 

the hybrid: GD (which results in no gamete production) or meiotic errors (which results in non-

viable gametes). 

 

Keywords: experimental crosses, prezygotic barriers, hybrid sterility 

 

BACKGROUND 

Chagas disease (CD) is a neglected disease caused by the protozoan Trypanosoma cruzi 

(Chagas, 1909) (Kinetoplastida, Trypanosomatidae) that affects about 6-7 million people 

worldwide [1]. Although there are different ways of contamination (such as by blood transfusion, 

organ transplantation and oral [1]), vector transmission (through the feces and/or urine of 

triatomines contaminated with T. cruzi) is considered by the World Health Organization as the 

main one, being the vector control the main measure to mitigate new cases of CD [1]. 

Currently, there are 158 species described in the subfamily Triatominae (with 155 extant 

species and three fossil species), grouped into 18 genera and five tribes (Alberproseniini, 

Bolboderini, Cavernicolini, Rhodniini and Triatomini) [2–5]. The Triatomini tribe is composed of 

nine genera (Dipetalogaster Usinger, 1939, Eratyrus Stål, 1859, Hermanlentia Jurberg & Galvão, 

1997, Linshcosteus Distant, 1904, Mepraia Mazza, Gajardo & Jörg, 1940, Nesotriatoma Usinger, 

1944, Panstrongylus Berg, 1879, Paratriatoma Barber, 1938 and Triatoma Laporte, 1832) [2], with 

Triatoma being the most diversified and with the largest number of species [2].  

Hybridization events between species of the genus Triatoma have been observed under 
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natural [6–8] and laboratory conditions [9–14]. The ability to produce hybrids can influence 

different aspects of the parent species, and may even result in events of introgression, speciation, 

and extinction [15]. Thus, several studies have the proposal to evaluate the hybridization capacity 

and, above all, the reproductive barriers that prevent the formation of hybrids or make hybrids 

unviable (causing mortality, infertility or lower fitness for these organisms) [9–14, 16–18]. 

Among the reproductive barriers already characterized in Triatominae, we can highlight the 

habitat [18,19] and mechanical isolation [19,20] as prezygotic barriers, and the infeasibility [21], 

sterility [17,20] and collapse [22,23] of the hybrid as postzygotic barriers. Hybrid sterility can be 

resultant from unviable gametes (from chromosomal pairing errors) [17,20] or the phenomenon of 

gonadal dysgenesis (GD) [24]. 

GD is associated with factors related to gonad atrophy in hybrids and can be unilateral or 

bilateral [24]. All the triatomine hybrids analyzed so far did not present GD [14,15], being the cases 

of hybrid sterility associated only with errors during meiosis [17,20,25–27]. However, when we 

analyze the male gonads of hybrids resulting from crosses between T. longipennis (Usinger, 1939) 

and T. mopan Dorn et al., 2018, we observed that the testes were atrophied. Thus, we describe for 

the first time the event of GD in triatomine hybrids and highlight its taxonomic and evolutionary 

implications. 

 

METHODS 

Experimental crosses 

Reciprocal experimental crosses were conducted between T. longipennis (origin: Mexico) 

and T. mopan (origin: Central America, Belize) (Figure 1A, Table 1). In addition, intercrosses were 

performed between the hybrids (Figure 1B, Table 1) and backcrosses were performed between the 

hybrids and the parental species (Figure 1C, Table 1). The insects used in the experiment came 

from colonies kept in the Triatominae insectary of the School of Pharmaceutical Sciences, São 

Paulo State University (UNESP), Araraquara, São Paulo, Brazil. The experimental crosses were 



18 

 

 

 

conducted in the Triatominae insectary, according to the experiments of Mendonça et al. [22]: the 

insects were sexed as fifth instar nymphs (N5), and males and females were kept separately until 

they reached the adult stage to guarantee the virginity of the insects used in the crosses. For the 

experimental crosses, five couples from each set were placed in plastic jars (diameter 5 cm × height 

10 cm) and kept at room temperature. Weekly the eggs were collected, counted and the hatching 

rate was evaluated. As the eggs from the cross between T. longipennis ♀ x T. mopan ♂ were 

infertile (Table 1), the N5 hybrids resulting from the cross between T. mopan ♀ x T. longipennis ♂ 

(Figure 1A) were sexed, separated and, after the imagine molt, five intercrosses (Figure 1B) were 

performed to assess hybrid fertility (Table 1). In addition, ten backcrosses with T. longipennis (five 

for each direction) and ten with T. mopan (five for each direction) were also performed to assess 

hybrid fertility (Table 1). In the same way, weekly the eggs were collected, counted and the 

hatching rate was evaluated. 

 

Morphology of the gonads 

The morphology of the male gonads of ten adult male hybrids resulting from the cross 

between ♀ T. mopan x T. longipennis ♂ was analyzed under a stereomicroscope microscope (SM) 

(model MZ APO; Leica Microsystems GmbH, Wetzlar, Germany) fitted with the Motic Advanced 

3.2 Plus Image Analysis System (Motic, Hong Kong) to evaluate the presence of GD (which may 

be uni- or bilateral) [26]. Furthermore, the gonads of 10 adult males of the parental species (T. 

longipennis and T. mopan) were also dissected and analyzed in SM (control group). 

 

Cytogenetics analysis 

Ten males hybrids were dissected, the testes were removed and stored in methanol: acetic 

acid solution (3: 1). Slides were prepared by the cell crushing technique (as described by Alevi et 

al. [28]) and the cytogenetic analyzes were applied with the aim to evaluate whether 

spermatogenesis was normal in gonads with GD, using the Lacto-Acetic Orcein technique [28, 29]. 
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As a control group, the gonads of ten adult males of T. mopan and T. longipennis were also 

dissected and analyzed cytogenetically. The slides were examined in light microscopy Jenaval 

(Zeiss), coupled to the digital camera and the Axio Vision LE 4.8 image analyzer system, with a 

400-fold increase. 

 

Table. 1 Experimental crosses performed between T. mopan, T. longipennis and hybrids. 

 Crossing experiments       Number of eggs Egg Fertility 

     C1  C2   Total  

♀ T. mopan  x T. longipennis  ♂ 49  112  161 98 (61%) 

♀ T. longipennis  x T. mopan   ♂ 61  83   144 00 (00%) 

  

     Intercrossing 

 

     

♀ Hybrida  x Hybrida ♂ 00  00  00 - 

  

Backcrosses 

 

     

♀ Hybrida x T. mopan ♂ 00  00  00 - 

♀ T. mopan x Hybrida ♂ 33  35  68 00 (00%) 

♀ Hybrida  x T. longipennis ♂ 00  00  00 - 

♀ T. longipennis x Hybrida ♂ 54  59  113 00 (00%) 

  

Control 

  
 

 
 

 
 

 

♀ T. mopan  x T. mopan   ♂ 35  42    77 58 (75%) 

♀ T. longipennis  x T. longipennis   ♂ -  -     - (62-78%) 
a Hybrids of the cross between T. mopan ♀ x T. longipennis ♂. C1 and C2: replicates of 

experimental crosses.  

 

RESULTS AND DISCUSSION 

Hybrids were obtained only for crosses between ♀ T. mopan x T. longipennis ♂ (Figure 1A) 

(crosses between ♂ T. mopan x T. longipennis ♀ showed a prezygotic barrier) (Table 1). 

Intercrosses (Figure 1B) were performed to evaluate the fertility of the first generation hybrid (F1) 

and demonstrated that the hybrids are sterile (Table 1). Interestingly, hybrid females did not lay 

eggs (Table 1). To evaluate whether hybrids of both sexes were sterile, backcrosses were performed 

with T. mopan and T. longipennis (Table 1, Figure 1C). Although none of the backcrossing 
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directions resulted in offspring (confirming the postzygotic barrier of hybrid sterility), we 

emphasize that the hybrid females also did not perform oviposition (Table 1). 

 

Fig. 1 Examples of experimental crosses between ♀ T. mopan x T. longipennis ♂ (A), intercross 

between ♀ hybrid x hybrid ♂ (B) and backcross ♀ hybrid x T. mopan ♂ (C). Bar: 1 cm. 
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Morphological analyzes of the male gonads of the hybrids (Figure 2C) and of the parents 

(Figure 2A and 2B) confirmed that the phenomenon that resulted in the sterility of the hybrid was 

bilateral GD. The gonads of the hybrids were completely atrophied (Figure 2C), with a totally 

different morphology from the testis of the parents (Figure 2A and 2B): triatomine testis are made 

up of seven testicular follicles (where all phases of spermatogenesis occur [30]) [31] and a 

transparent peritoneal sheath [32]; on the other hand, the testis of the hybrids showed only the 

peritoneal sheath (without seminiferous tubules) (Figure 2C). 

 

Fig. 2 Male gonads of T. mopan (A), T. longipennis (B), and hybrid (C). Note that the 

hybrid's testes are atrophied (C). Bar: 5 mm. 
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Cytogenetic analyzes of the testis of the hybrids confirmed GD, once no germ cells were 

observed (only somatic cells, which make up the peritoneal sheath) (Figure 3). On the other hand, 

the cytogenetic analysis of the gonads of T. mopan and T. longipennis allowed observing the 

presence of spermatocytes, spermatids, and spermatozoa (as well as already characterized several 

times in the subfamily Triatominae [33–36]).  

 

Fig. 3 Somatic cells from the testicular peritoneal sheath. Note the absence of germ cells. Bar: 5 

μm. 

 

Furthermore, although it was not possible to assess whether the ovaries of the hybrid females 

were atrophied from a morphological and cytological point of view (since the meiotic stages are not 

usually observed [25] and the ovarian development is directly related to the phases of oogenesis 

[37], which can lead to wrong results when analyzing the hybrid ovaries), the absence of egg 
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production (Table 1) is a factor that confirms that the ovaries are also atrophied, because egg 

production in  the Triatominae subfamily occurs even without copulation [38,39]. 

Several interspecific crosses between Triatoma spp. [20], Panstrongylus spp. [26], Rhodnius 

spp. [25] and Psammolestes spp. [17] resulted in sterile hybrids. Most of these studies have 

cytogenetically analyzed the gonads of male hybrids and observed chromosomal pairing error 

during meiosis (associating the meiotic errors with the hybrid sterility) [17,20,25,26]. 

Perlowagora-Szumlewics and Correia [40] and Perlowagora-Szumlewics et al. [41] observed, 

for example, that male hybrids resulting from crossing T. pseudomaculata Corrêa & Espínola, 1964 

x T. sordida (Stål, 1859), T. pseudomaculata x T. infestans (Klug, 1834), T. pseudomaculata x T. 

brasiliensis Neiva, 1911. and R. prolixus Stål, 1859 x R. neglectus Lent, 1954 are sterile, while 

females are fertile. In the case of sterile hybrid females [25,26], absence of egg production was 

observed only for hybrids resulting from the cross between T. recurva (Stål, 1868) x T. mazzottii 

(Usinger, 1941) [42].  

The study of the interspecific reproductive barriers of the insect vectors of Chagas disease has 

taxonomic, systematic, genetic, and evolutionary importance [9,11,12,13,16–18,20–23,24–

27,42,45]. From a taxonomic point of view, the characterization of pre and/or postzygotic barriers 

confirms the specific status of the parental species [9,11,13,17,18,20–23, 25–27,42], based on the 

biological species concept [43,44]. From a systematic point of view, in general, evolutionarily more 

distant species have prezygotic barriers that prevent the formation of hybrids while evolutionarily 

closer species can produce hybrids that will be later declined (hybrid breakdown) by postzygotic 

barriers [14,18,45]. Already from a genetic and evolutionary point of view, the characterization of 

reproductive barriers directly implies the genetic integrity of the parent species, because it prevents 

events of interspecific gene flow and, mainly, introgression [11,16,20].  

 

Conclusion 

Based on the above, we characterized, for the first time, GD in Triatominae and demonstrated 
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that gametogenesis does not occur in atrophied gonads. The characterization of DG in hybrids 

resulting from the crossing of ♀ T. mopan x T. longipennis ♂ highlights the importance of 

evaluating both the morphology and the cytogenetics of the gonads to confirm which event resulted 

in the sterility of the hybrid: GD (which results in no gamete production) or meiotic errors (which 

results in non-viable gametes). 
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4. CONCLUSÕES GERAIS 

Com base no exposto, confirmamos a presença de barreira reprodutiva pós-zigótica por 

disgenesia gonadal em híbridos resultantes do cruzamento entre T. mopan x T. longipennis – 

confirmando, assim, o status específico dos parentais, pelo conceito biológico de espécie. Além 

disso, demonstramos que durante o fenômeno de disgenesia gonadal, as gônadas estão totalmente 

atrofiadas e não realizam gametogênese.  
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