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RESUMO

Triatoma sordida (Stal, 1859) é considerado, atualmente, o vetor da doenca de Chagas mais
frequentemente capturado no ambiente peridomiciliar no Brasil. Além da sua ampla
distribuicdo geogréafica nacional, incluindo 14 estados brasileiros, esta espécie também foi
relatada em outros paises da América do Sul, como Argentina, Bolivia, Paraguai e Uruguai.
Diversos estudos sinalizam polimorfismos em T. sordida, o que levou a sugestdo do
fendmeno de especiagdo criptica nessa espécie e, principalmente, a recente caracteriza¢do de
trés possiveis taxons diferentes, a saber, T. sordida sensu stricto, T. sordida Argentina e T.
sordida La Paz. Dessa forma, diante da necessidade de se expandir o conhecimento acerca da
questdo taxonémica de T. sordida, o presente estudo teve como objetivo realizar uma analise
integrada de aspectos evolutivos dessa espécie, com énfase no fendbmeno de especiacdo
criptica, por meio da caracterizacdo das populacGes brasileiras por parametros moleculares e
citogenéticos, além de andlises envolvendo sistematica filogenética, taxonomia integrativa e a
realizacdo de cruzamentos experimentais intraespecificos entre exemplares de T. sordida do
Brasil, Argentina e Bolivia. Por meio das anélises envolvendo marcadores citogenéticos e
moleculares, foi verificada a baixa diversidade genética das populacGes brasileiras de T.
sordida, evidenciada pelos seguintes fatores: mesmo padrdo de bandamento C e
CMAB3/DAPI, baixa diversidade nucleotidica, alta diversidade haplotipica, baixa distancia
genética entre todas as localidades analisadas, alto valor do indice Fs, e a formagdo de um
clado monofilético das populacdes brasileiras amostradas e separado de espécimes da
Argentina, suportando que todos os espécimes brasileiros podem ser agrupados como T.
sordida sensu stricto. Com base nas analises de taxonomia integrativa (analises morfoldgicas,
morfométricas, moleculares e cruzamentos experimentais), também demonstramos que 0
citétipo T. sordida da Argentina é uma nova espécie, confirmando o status especifico de T.
rosai sp. nov. Além disso, baseando-se na baixa distancia genética entre T. sordida sensu
stricto e T. sordida La Paz, associada a auséncia de barreiras reprodutivas pré-zigéticas e pos-
zigoticas, auséncia de disgenesia gonadal e de erros de pareamentos cromossomicos dos
hibridos F1 e F2 resultantes, sugerimos que o citotipo T. sordida La Paz representa apenas um

polimorfismo cromossdmico de T. sordida sensu stricto.

Palavras-chave: Triatoma sordida. Especiacdo criptica. Genetica de populacOes.

Cruzamentos experimentais. Taxonomia integrativa.
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ABSTRACT

Triatoma sordida (Stal, 1859) is currently considered the vector of Chagas disease most
frequently captured in peridomestic environment in Brazil. In addition to its wide national
geographic distribution, including 14 Brazilian states, this species has also been reported in
other countries in South America, such as Argentina, Bolivia, Paraguay and Uruguay.
Several studies indicate polymorphisms in T. sordida, which led to the suggestion of the
phenomenon of cryptic speciation in this species and, mainly, the recent characterization of
three possible different taxa, namely, T. sordida sensu stricto, T. sordida Argentina and T.
sordida La Paz. Thus, in view of the need to expand knowledge about the taxonomic issue of
T. sordida, the present study aimed to carry out an integrated analysis of evolutionary aspects
of this species, with emphasis on the phenomenon of cryptic speciation, through the
characterization of Brazilian populations by molecular and cytogenetic parameters, in
addition to analyzes involving phylogenetic systematics, integrative taxonomy and the
performance of intraspecific experimental crosses between specimens of T. sordida from
Brazil, Argentina and Bolivia. Through analyzes involving cytogenetic and molecular
markers, the low genetic diversity of the Brazilian populations of T. sordida was verified,
evidenced by the following factors: same pattern of C- and CMA3/DAPI-banding, low
nucleotide diversity, high haplotypic diversity, low genetic distance between all the locations
analysed, high value of the Fs index, and the formation of a monophyletic clade of the
Brazilian populations sampled and separated from specimens from Argentina. Therefore, we
support that all Brazilian specimens can be grouped as T. sordida sensu stricto. Based on
integrative taxonomy analyzes (morphological, morphometric, molecular analyzes and
experimental crosses), we also demonstrated that the cytotype T. sordida from Argentina is a
new species, confirming the specific status of T. rosai sp. nov. Furthermore, based on the low
genetic distance between T. sordida sensu stricto and T. sordida La Paz, associated with the
absence of pre-zygotic and post-zygotic reproductive barriers, absence of gonadal dysgenesis
and of chromosomal pairing errors of the F1 and F2 resulting, we suggest that the cytotype T.

sordida La Paz represents only a chromosomal polymorphism of T. sordida sensu stricto.

Keywords: Triatoma sordida. Cryptic speciation. Population genetics. Experimental crosses.

Integrative taxonomy.
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1. INTRODUCAO

1.1. Doencas Negligenciadas e a Doenga de Chagas

As doencas negligenciadas (DN) constituem um grupo diversificado de enfermidades
que prevalecem em condic¢des tropicais e subtropicais de 149 paises, e afetam mais de um
bilhdo de pessoas que vivem em situacdo de pobreza em todo o mundo (WHO, 2020a).
Atualmente, existem mais de vinte enfermidades consideradas como DN que podem ser
ocasionadas por virus (dengue, chikungunya e raiva), bactérias (Glcera de Buruli, hanseniase,
tracoma e treponematoses endémicas), parasitos (doenca de Chagas, esquistossomos,
dracunculiase, equinococose, trematodiases transmitidas por alimentos, doenca do sono,
leishmanioses, filariose linfatica, oncocercose, helmintiases e teniase/cisticercose), fungos
(micetoma, cromoblastomicose e outras micoses profundas), ectoparasitos (sarna) e, até
mesmo, pelo envenenamento por picada de serpente (WHO, 2020a).

Além do nimero elevado de 6bitos (cerca de meio milhdo de mortes anualmente), as
DN levam a diversas condi¢Bes (por exemplo, incapacidades, desfiguracdo, prejuizos no
crescimento infantil e no desenvolvimento cognitivo) que podem se intensificar com a
pobreza nas regibes afetadas (WHO, 2010, 2013; HOTEZ et al., 2014). A Organizacéao
Mundial de Saude (OMS) sugere que o controle efetivo dessas enfermidades pode ser
alcancado quando diferentes abordagens de salde publica sdo combinadas e aplicadas, ou
seja, as acdes devem ser guiadas pelo conhecimento entoepidemioldgico das DN e, sobretudo,
pela disponibilidade de medidas apropriadas para detectar, prevenir e controlar essas
moléstias (WHO, 2020a).

A maioria das DN concentra-se nas regides pobres da Africa, Asia e América Latina
(HOTEZ, 2011). Entre os paises latino-americanos, o Brasil é responsavel por uma grande
parcela dessas doencas, a saber, 86% dos casos de hanseniase, cerca de 40% dos casos de
dengue, 96% dos casos de esquistossomose, 39% dos casos de leishmaniose tegumentar, 93%
dos casos de leishmaniose visceral e 25% dos casos de doenca de Chagas (HOTEZ et al.,
2008, 2014; LINDOSO; LINDOSO, 2009; MARTINS-MELO et al., 2016).

A doenga de Chagas, descrita por Carlos Ribeiro Justiniano Chagas, em 1909, é uma
parasitose sistémica causada pelo protozoario Trypanosoma cruzi (Chagas, 1909)
(Kinetoplastida, Trypanosomatidae) que representa um grande problema de satde publica
(NOUVELLET; CUCUNUBA; GOURBIERE, 2015). Essa doenca é considerada

potencialmente fatal (WHO, 2020b) e afeta, principalmente, pessoas que vivem em paises em
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desenvolvimento (BERMUDEZ et al., 2016). Estima-se que oito milhdes de pessoas no
mundo estejam infectadas pelo T. cruzi e, embora a maioria dos casos ocorra na América
Latina, a doenca se espalhou para areas ndo endémicas (WHO, 2020b), sendo relatada em
diversos paises, tais como Canada, Estados Unidos, Japao, Australia, Nova Zelandia, Suica,
Itdlia e Espanha (SORIANO-ARANDES et al., 2016). Nas Ameéricas, cerca de 70 milhdes de
pessoas vivem em areas de risco, sendo estimados, por ano, 30.000 novos casos de infeccdo e
14.000 mortes por complicacdes chagasicas (PAHO, 2017).

A transmissao do agente etioldgico T. cruzi pode ocorrer de diversas maneiras como,
por exemplo, por meio de transplante de Orgdos de doadores infectados, acidentes
laboratoriais ou ingestdo de alimentos e liquidos contaminados (cana-de-agUcar, acai e carne
crua). A transmissdo também pode se dar de forma congénita (verticalmente entre a mée e a
crianca) ou ocorrer por meio de transfusdo de sangue, sendo essas formas consideradas
importantes alvos de atencdo na reducdo da disseminacdo da doenca, visto que estdo
relacionadas com a infestacdo em &reas urbanas e ndo endémicas (ANGHEBEN et al., 2015;
HOWARD et al., 2015). No entanto, o principal modo de transmissdo é o vetorial, o qual
ocorre por meio dos triatomineos (Hemiptera, Triatominae) (WHO, 2020b), insetos
popularmente conhecidos como “barbeiros” (DIAS; LARANJA; NOBREGA, 1945), devido
ao seu habito de picarem a face descoberta de pessoas adormecidas (TARTAROTTI,
AZEREDO-OLIVEIRA; CERON, 2004).

A contaminacdo dos triatomineos e a transmissao do parasita ocorrem durante a sua
hematofagia, a qual € obrigatéria em todas as fases da vida dos triatomineos ap6s a sua
ecloséo [ninfas de primeiro (N1) a quinto instar (N5) e adultos de ambos os sexos (Figura 1)].
Os insetos podem se contaminar ao se alimentarem do sangue de mamiferos infectados pelo
T. cruzi e, assim, veicular o parasito desde a N1 até a fase adulta (SOARES et al., 2014;
URDANETA-MORALES, 2014). Como possuem o habito de defecar (Figura 2A, seta) e
urinar (Figura 2B, seta) durante a alimentac&o, os triatomineos infectados podem transmitir o
protozoério a partir do contato das fezes e da urina contaminadas com a pele danificada do
hospedeiro apds a picada do inseto. A transmissao também pode se dar pelos os olhos, boca e
por eventuais rupturas presentes na pele do individuo quando o mesmo, instintivamente, coca

e provoca o espalhamento das fezes e da urina contaminadas (WHO, 2020b).
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Figura 1. Ciclo de vida da espécie T. carrioni. Os estagios do desenvolvimento séo ilustrados
da esquerda para a direita, compreendendo os ovos (sendo a coloracdo rosa indicativa da
probabilidade de eclosao), ninfa de primeiro instar (N1), segundo instar (N2), terceiro instar

(N3), quarto instar (N4), quinto instar (N5), e as formas adultas fémea e macho.

NII

Fonte: PADILLA et al., 2019, adaptado.

Figura 2. Exemplo de triatomineo (Triatoma sordida) defecando (A, seta) e urinando (B,

seta) durante o repasto sanguineo.

Fonte: OLIVEIRA, 2020.

A falta de progresso na descoberta de novas drogas no tratamento dos pacientes
chagésicos ainda permanece um desafio na cura da doenca de Chagas, uma vez que a
terapéutica com os anti-tripanosomatideos (Benznidazol e Nifurtimox) é ainda a Unica
disponivel desde a década de 60 (VERMELHO; RODRIGUES; SUPURAN, 2020), sendo
efetiva apenas na fase aguda da doenca [e, considerando-se que essa fase, geralmente, €
assintomatica ou com sintomas inespecificos — como febre e mal estar, raramente resultando
em chagoma (nddulo de pele) ou sinal de Romafia (edema na palpebra) (BERN, 2015) —, o
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paciente s6 descobre que tem a Chagas quando j& estd na fase cronica da doenca]. Dessa
forma, a OMS ressalta que o controle de vetores é considerado como a principal medida

para diminuir a incidéncia da doenca de Chagas (WHO, 2020b).

1.2. Aspectos gerais dos triatomineos e da espécie em estudo

Atualmente, existem 157 espécies descritas na subfamilia Triatominae [sendo 154
espécies vivas e trés espécies fosseis (T. dominicana, P. hispaniolae e Paleotriatoma
metaxytaxa)], agrupadas em 18 géneros e cinco tribos (ALEVI et al., 2020; GALVAO,
2020; DALE; JUSTI; GALVAO, 2021; ZHAO; GALVAQ; CAI, 2021). Desse total, sdo
conhecidas 66 espécies que ocorrem no Brasil (GURGEL-GONCALVES et al., 2017;
NASCIMENTO et al., 2019). Embora existam espécies com maior ou menor grau de
importancia na transmissdo da doenca de Chagas [com destaque para Triatoma infestans
Klug, 1834, Panstrongylus megistus (Burmeister, 1835), T. brasiliensis Neiva, 1911, T.
pseudomaculata Corréa; Espinola, 1964 e T. sordida (Stal, 1859), que sdo de grande
importancia vetorial por habitarem regides domiciliares e apresentarem ampla distribuicao
geografica no Brasil (SILVEIRA, 2011; COURA, 2015; DIAS et al., 2016)], todos 0s
triatomineos, de ambos 0s sexos e em qualquer fase do desenvolvimento apds a eclosédo (N1,
N2, N3, N4, N5 e adultos), sdo considerados como potenciais vetores dessa doenca
(GALVAO, 2014).

Triatoma sordida (Stal, 1859) (Figura 3) é considerada, atualmente, a espécie mais
frequentemente capturada no ambiente peridomiciliar no Brasil (DIOTAIUTI et al., 1998;
GALVAO, 2014), além de ser predominante nos estados associados a regides de cerrado,
bem como sudeste, centro-oeste e areas de transicdo para a Amazonia (GALVAO, 2014).
Sua distribuicdo inclui os estados do Acre, Bahia, Goids, Maranhdo, Mato Grosso, Mato
Grosso do Sul, Minas Gerais, Parana, Pernambuco, Piaui, Rio Grande do Sul, Santa
Catarina, Sao Paulo e Tocantins (Figura 4) (GURGEL-GONCALVES et al., 2012; RAMOS
et al., 2018). Embora o cerrado brasileiro seja considerado como o centro de disperséo de T.
sordida (FORATTINI et al., 1983), esse vetor também € encontrado em outros paises da
América Latina - Argentina, Bolivia, Paraguai e Uruguai (GORLA et al., 1993; GALVAO,
2014, PANZERA et al., 2015).
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Figura 3. Holdtipo de Triatoma sordida descrito por Stal, em 1859, e depositado no

Zoologisches Museum, Berlim, Alemanha.

Fonte: Imagem cedida pelo Dr. Jirgen Deckert, curador do museu.

Figura 4. Espécime de Triatoma sordida e sua disposicéo geografica no Brasil.

Fonte: GURGEL-GONCALVES et al., 2012, adaptado.

T. sordida possui um amplo nicho ecoldgico (SILVEIRA et al., 2001), que lhe
permite habitar varios ecétopos e utilizar diversas fontes alimentares (FORATTINI et al,
1975; DIOTAIUTI et al., 1993). Os principais ec6topos nos quais a espécie é encontrada
estdo associados com construcdes de madeira, como cercas, chiqueiros, currais, galinheiros,
ocos de arvores, paidis, pilhas de lenha e pombais (CASTRO et al., 1997; PIRES et al.,
1997; CARCAVALLO et al., 1998; DUJARDIN; SCHOFIELD; PANZERA, 2002; ROSSI;



Introducdo 34

DUARTE; GURGEL-GONCALVES, 2015). Consequentemente, as fontes alimentares
dessa espécie (que podem ser exclusivas ou combinadas) estdo relacionadas a esses
ecétopos, sendo notificada até 0 momento a sua presenca em aves, cachorros, gatos, cavalos,
cabras, ovelhas, vacas, porcos, além de animais silvestres associados a esses ambientes,
como roedores, gambaés, tatus, lagartos e sapos (LENT; WYGODZINSKY, 1979; CASTRO
et al., 1997; PIRES et al., 1997; LOROSA et al., 1999a,b,c). Também existem notificacdes
de coletas intradomiciliares de ninfas e adultos da espécie, o que evidencia sua capacidade
de invasdo das habitacGes humanas (FORATTINI et al., 1971; LENT; WYGODZINSKY,
1979; DIOTAIUTI et al., 1988; CASTRO et al., 1997; GALVAO, 2014; ROSSI; DUARTE;
GURGEL-GONCALVES, 2015). Tal amplitude de nicho, associada & grande resisténcia ao
jejum de T. sordida, facilita, portanto, sua adaptacdo a um ndmero cada vez maior de
ecétopos (SILVA et al., 2005).

Devido a sua elevada capacidade de disseminacdo (FORATTINI et al., 1975), essa
espécie possui a capacidade de habitar ambientes silvestres, peridomiciliares e domiciliares
(LENT; WYGODZINSKY, 1979; CASTRO et al., 1997; NOIREAU et al., 1999;
SANCHEZ et al., 2020), incluindo-a atualmente entre as prioridades para campanhas de
controle de triatomineos no Brasil (DIOTAIUTI et al., 1995; SILVA et al., 2005; ABAD-
FRANCH et al., 2013; RIBEIRO JR. et al., 2019). Os indices de captura de T. sordida tém
preocupado as autoridades de salude em areas de ocupacdo agricola nos estados de Séo
Paulo, Minas Gerais e Goias (DIOAIUTI et al. 1995; SILVA et al. 2005; OLIVEIRA;
SILVA, 2007; PELLI et al. 2007). A partir da intensificacdo das campanhas de controle e
eliminacdo dos focos de T. infestans, a infestagdo peridomiciliar assumiu maior importancia,
e a persisténcia das infestacGes neste ambiente por T. sordida vem sendo encarada como
desafio a ser enfrentado no controle de triatomineos (DIOTAIUTI et al. 1995). Além disso,
o T. sordida também pode contribuir para os ciclos de transmissdo peridoméstica devido a
sua associacdo com varios mamiferos sinantrépicos, como roedores e gambas
(MACCHIAVERNA et al., 2015) (Figura 5).
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Figura 5. Ocupacéo espacial e nicho ecoldgico das espécies T. sordida e T. infestans.

T sordida

ol ¢ &

2 et ¥

Fonte: Rodrigues-Planez et al., 2020.

1.2.1. A guestdo taxonébmica de T. sordida

T. sordida foi a primeira espécie descrita do subcomplexo Sordida, inicialmente
composto por T. patagonica Del Ponte, 1929, T. guasayana Wygodzinsky; Abalos, 1949 e
T. garciabesi Carcavallo et al. (1967), com base em analises morfologicas e distribui¢do
geografica (SCHOFIELD; GALVAO, 2009; PANZERA et al., 2015). Entretanto, essas
espécies formam um grupo parafilético, pois sdo agrupadas filogeneticamente com espécies
dos subcomplexo T. matogrossensis e T. rubrovaria (JUSTI et al., 2014; JUSTI; GALVAO;
SCHRAGO, 2016), estabelecendo o clado mais diversificado morfologicamente do
complexo T. infestans (JUSTI et al., 2014).

Pita et al. (2016), com base em dados cromossdmicos, propuseram em seu trabalho
uma reorganizacao dos subcomplexos da América do Sul, sugerindo que o subcomplexo T.
sordida fosse composto pelas espécies T. garciabesi, T. sordida sensu stricto, T. sordida
Argentina (possivel nova espécie), com o acréscimo das espécies T. jurbergi Carcavallo et
al., 1998, T. matogrossensis Leite & Barbosa, 1953 e T. vandae Carcavallo et al., 2002, que
pertenciam anteriormente ao subcomplexo T. matogrossensis, o qual foi eliminado. Além
disso, os autores reagruparam as outras especies do subcomplexo T. sordida (T. guasayana e
T. patagonica) com T. carcavalloi Jurberg, Rocha & Lent, 1998, T. circummaculata (Stal,
1859), T. klugi Carcavallo et al., 2001, T. limai Del Ponte, 1929, T. oliveirai (Neiva, Pinto &
Lent, 1939), T. rubrovaria (Blanchard, 1843) e T. pintodiasi Jurberg et al. (2013) no
subcomplexo T. rubrovaria (PITA et al., 2016).
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A validade taxondmica de T. sordida e a diferenciacdo de suas populagfes sempre
foi controvérsia e permanece em discussdo. Com excecdo de T. patagonica, as espécies do
“antigo” subcomplexo Sordida sdo morfologicamente muito similares (DUJARDIN;
PANZERA; SCHOFIELD, 2002; PANZERA et al., 2015), com sobreposicao de distribuicdo
geogréfica, podendo viver em simpatria e produzir hibridos, o que aumenta
significativamente a confusdo taxonémica desses vetores (PANZERA et al., 2015) o que
acarretou, por exemplo, na sinonimizacdo de T. garciabesi com T. sordida (LENT;
WYGODZINSKY, 1979). No entanto, algumas metodologias mostram-se eficazes para
diferenciar esses téxons, como as analises citogenéticas (PANZERA et al., 2015),
isoenziméticas (NOIREAU et al., 1998), morfologicas (LENT; WYGODZINSKY, 1979;
GORLA et al., 1993), morfométricas (NATERRO et al., 2017) e moleculares (JUSTI et al.,
2014; PANZERA et al., 2015; JUSTI; GALVAO, 2016), resultando, por exemplo, na
revalidacdo de T. garciabesi (JURBERG et al., 1998), apds 19 anos de ser inicialmente
sinonimizado como T. sordida (LENT; WYGODZINSKY, 1979).

Baseando-se em dados cromossdmicos (padrdo de heterocromatina constitutiva e
marcacdo por FISH da sonda ribossomal 45S) (Figura 6) e moleculares (gene mitocondrial
COl) (Figura 7), Panzera et al. (2015) propuseram a existéncia de trés tdxons diferentes
(citdtipos) entre os exemplares classificados, até o momento, como T. sordida: T. sordida
sensu stricto (1), T. sordida La Paz (Il) e T. sordida Argentina (lIll), caracterizando o
fendmeno de especiacdo criptica para T. sordida. Ainda, mais recentemente, Nattero et al.
(2017) diferenciaram T. sordida Argentina dos exemplares provenientes do Brasil e da
Bolivia a partir de dados morfométricos, ressaltando a importancia de estudos adicionais,
com marcadores fenotipicos, moleculares e realizacdo de cruzamentos experimentais, para

confirmar a validade especifica dos taxons.
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Figura 6. Padrdo de heterocromatina (A, C e E) e marcacdo das sondas DNAr 45S (B,D e F -
setas) em T. sordida sensu stricto (A, B), T. sordida Argentina (C, D) e T. sordida La Paz (E,

F). X: cromossomo sexual X, Y: cromossomo sexual Y. Barra: 10 um.

S al

N 3T,

Fonte: Panzera et al., 2015, adaptado.

Figura 7. Arvore filogenética obtida por Maxima Verossimilhanca dos citotipos de T.
sordida, com base no gene mitocondrial COIl. O Clado 1 representa o citétipo | (T. sordida
sensu stricto) e Il (T. sordida La Paz). O Clado 2 representa o citétipo Il (T. sordida
Argentina). O Clado 3 reune espécimes de T. garciabesi com alguns erros de identificacao
depositados no GenBank e o Clado 4 contém exemplares de T. guasayana. ARG =

Argentina; BOL = Bolivia; BRA = Brasil.

T. sordida BOL La Paz KC249383
—— T guasayana BOL Santa Gruz KC249342
T. sordida BRA Matto Grosso do Sul KC249384
[T. sordida BRA San Pablo AF021213 T.sordida Clado 1
IT. sordida BOL Santa Cruz KC249386
— T. sordida BRA Matte Grosso KC249388
100 T. sordida BRA San Fablo AFQ21216

T. sordida ARG Comentes AF021210 . .
saI'r sordida ARG Comientes KC249387 :I 7. sordias Argentina - Clado 2
T garciabesi ARG Salta KC24933%
— 43,3[“ sordida BOL Romerillo KC249379 } T. gardabesi Clado 3
9917, sordida BOL Romerillo KC 249381
39 |: T. gquasayana ARG Santiage del Estere AF021193
T. guasayana ARG Santiago del Estern AF021135 :| 7. guasayanz - Clado 4

100 |T. rubrovana BRA Rie Grande do Sul KC245373
9317, rubrovaria BRA Rio Grande do Sul KC249374

i
il

Fonte: Panzera et al., 2015, adaptado.
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Todas as populagGes brasileiras analisadas citogeneticamente, até o0 momento, foram
classificadas como T. sordida sensu stricto (MADEIRA et al., 2019). Embora esse citétipo de
T. sordida seja considerado mais significativo em termos de transmissdo da doenca de
Chagas, principalmente em ambientes domesticos e peridomeésticos (PANZERA et al., 2015),
estudos caracterizando a diversidade genética dessas populagdes no Brasil sdo escassos,
restringindo-se a regido de Minas Gerais (MONTEIRO et al., 2009; PESSOA et al., 2016).

1.3. Estudos genéticos

1.3.1. Delimitacéo de espécie com base em dados moleculares

A espécie é tida como uma unidade fundamental para a biologia, entretanto, existem
diversos conceitos e definicbes, os quais consideram diferentes aspectos - bioldgicos,
morfolégicos, ecoldgicos, entre outros - que podem levar a diferengas na delimitacdo de uma
determinada espécie (MAYDEN, 1997; DE QUEIROZ, 2007). Dentre os diversos conceitos
existentes, alguns levam em consideracdo a relacdo de ancestralidade-descendéncia, como o
Conceito Evolutivo de Espécie, o qual sugere que espécies sdo linhagens que evoluem
separadamente de outras, com suas proprias tendéncias e histérias evolutivas (SIMPSON,
1951; WILEY, 1978; MAYDEN, 1997) e o Conceito Filogenético de Espécie, que apresenta
diferentes classes, porém todas relacionadas com a sistematica filogenética ou cladistica, de
modo que espécies seriam resultantes de selecdo natural, sendo as menores entidades
biolégicas que sdo diagnosticaveis e/ou monofiléticas (ROSEN, 1979; NELSON;
PLATNICK, 1981; CRACRAFT, 1983; DONOGHUE, 1985; MISHLER, 1985; NIXON;
WHEELER, 1990).

A biologia molecular tem sido considerada uma ferramenta muito utilizada em estudos
de reconhecimento e delimitacdo de espécies, considerando aspectos genéticos e
filogenéticos. Em Triatominae, diversos estudos tém permitido a separacdo de especies
cripticas e a determinacdo da diversidade de espécies, por meio de isoenzimas, citogenética
molecular, genes mitocondriais e nucleares (NOIREAU et al., 1998; MARCILLA et al., 2001;
PAVAN & MONTEIRO, 2007; BARGUES et al., 2008; DORN et al., 2009; ABAD-
FRANCH et al., 2013; PANZERA et al., 2015).



Introducdo 39

1.3.2. Espécies Cripticas

Espécies cripticas, também conhecidas como espécies isomorficas, sdo espécies
idénticas na sua morfologia externa, podendo diferir em caracteristicas menores e nao visiveis
facilmente. Por meio do uso de diferentes marcadores fenotipicos e genéticos, a especiacdo
criptica se mostrou um fendmeno amplamente disseminado pela subfamilia Triatominae. A
sua existéncia ja foi descrita para diferentes grupos do género Triatoma, incluindo
representantes dos subcomplexos Brasiliensis, Dimidiata, Phyllosoma e Sordida
(SCHOFIELD; GALVAO, 2009; PANZERA et al., 2015).

O fendbmeno de especiacdo criptica foi sugerido por Noireau et al. (1998) pela primeira
vez para T. sordida de diferentes localidades da Bolivia, com base em anélises isoenzimaticas
que resultaram em uma alta distancia genética. Posteriormente, Panzera et al. (1997, 2015),
com base em dados cromossdmicos e moleculares, também corroboraram a hipétese quando
compararam populacdes do Brasil, da Bolivia e Argentina, destacando que existem, pelo
menos, duas possiveis espécies diferentes associadas a T. sordida sensu stricto: T. sordida
Argentina e T. sordida La Paz.

Em relacdo a diversidade genética das populacfes brasileiras de T. sordida, s6 existem
dois estudos na literatura até 0 momento que realizaram sua investigacdo (MONTEIRO et al.,
2009; PESSOA et al., 2016), porém ambos restritos a regido de Minas Gerais. Ambos 0s
estudos reportaram que a estrutura dessas populagdes apresentou baixos niveis de diversidade
genética, sendo inclusive a diversidade nucleotidica de isolados de T. sordida da Bolivia 13
vezes maior em comparacao com as amostras brasileiras (PESSOA et al., 2016).

Assim, levando em consideracdo que espécies cripticas sdo espécies idénticas do
ponto de vista morfolégico, podendo ser diferenciadas apenas por ferramentas genéticas
(SCHOFIELD; GALVAO, 2009), sugerimos que existe a necessidade de um estudo genético
em ambito populacional entre os exemplares brasileiros de diferentes estados.

1.3.3. Marcadores Moleculares

Marcadores moleculares sdo proteinas ou sequéncias de DNA polimorficas que
podem ser wusados como indicadores de variagio do genoma (FERREIRA;
GRATTAPAGLIA, 1998). Atualmente, essas sequéncias sdo tidas como uma das

ferramentas mais Uteis para estabelecer a classificacdo natural da subfamilia Triatominae
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(MAS-COMA; BARGUES, 2009). Os sequenciamentos de DNA ribossomico (DNAr)
nuclear e do DNA mitocondrial (DNAmt) sdo considerados métodos que fornecem uma
informacao mais precisa acerca das caracteristicas desses vetores (MONTEIRO et al., 2001).
Dentre os aspectos da biologia dos triatomineos que podem ser inferidos pelos dados das
sequéncias de DNA estdo: sistemética e taxonomia, origem, taxas e tracos evolutivos,
biogeografia, classificacdo de espécimes, caracterizacdo de espécies cripticas, caracterizacdo
de hibridos e mudancas populacionais (BARGUES et al., 2002).

1.3.3.1. DNA nuclear

Genes nucleares sdo considerados como ferramentas importantes para se analisar
diversidade e relagdes filogenéticas em nivel especifico (MAS-COMA; BARGUES, 2009).
O complexo génico de RNA ribossomal (RNAr) nuclear é uma unidade de repeticbes em
tandem, com uma a muitas centenas de copias (Figura 8). Este complexo possui muitos
dominios, que evoluem a taxas variadas, possuindo, assim, diferentes utilidades
filogenéticas (JORGENSON; CLUSTER, 1988). O DNAr é uma ferramenta utilizada em
estudos filogenéticos para varios niveis taxondbmicos, uma vez que copias individuais do
DNAr ndo acumulam mutacbes de forma independente, pois pertencem a familias
multigénicas, o que resulta em uma importante variacdo intraespecifica pequena e
interespecifica (ONYABE; CONN, 1999).

O DNAr, tal como os espacadores internos transcritos 1TS-1 e ITS-2 (do inglés,
Internal Transcribed Spacer) (Figura 8), que separam o0s genes DNAr 18S, 5.8S e 28S
(SIQUEIRA et al., 2010), podem ser informativos para analises populacionais (HILLIS et
al., 1996). As regibes espacadoras evoluem em uma propor¢do muito mais rapida do que as
regibes codificantes, considerando que as substituicdes que ocorrem nessas areas podem ser
consideradas mutacbes neutras, sem restricbes muito fortes (MAS-COMA; BARGUES,
2009). Enquanto as regides codificadoras mostram pouca divergéncia entre espécies
relacionadas, as regides intragénicas apresentam um maior grau de variabilidade (JOBST et
al., 1998).

A regido intergénica ITS tem sido amplamente utilizada para a inferéncia de
relacionamentos em nivel de especie, inclusive para espécies estreitamente relacionadas,
subespeécies ou populagdes. Em especial, os marcadores ITS-1 e ITS-2 sdo considerados 0s
mais (teis para tdxons muito proximos que divergiram relativamente recentemente (<50
milhGes de anos atrads) (MAS-COMA; BARGUES, 2009), sendo a regido ITS-1 menos
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conservada que a regido I1TS-2 (BARGUES et al., 2000). A regido ITS também é tida como
uma importante ferramenta evolutiva a ser explorada em organismos proximos e distantes,
fornecendo insights sobre a evolugdo de sequéncias de DNA em geral (HERSHKOVITZ;
LEWIS, 1996).

Figura 8. Esquema do complexo génico nuclear de DNA ribossomal, com os genes das
subunidades do DNAr 18S, 28S e 5.8S, além dos espacos internos transcritos (ITS-1 e ITS-2).

As setas indicam a posi¢ao dos iniciadores usados nas reacdes de PCR e a regido amplificada.

ITS 1 ITS 2

Fonte: SIQUEIRA et al., 2010.

1.3.3.2. DNA mitocondrial

O DNAmt corresponde a um genoma relativamente simples, de heranga materna
(sem recombinacdo) e que apresenta uma taxa de evolucdo dez vezes mais rapida que as
substituicdes do DNA nuclear, tornando-o uma ferramenta valiosa em estudos de genética
populacional, evolucdo molecular e relagdes filogenéticas (AVISE et al., 1987). Os erros de
replicacéo e as altas concentracGes de compostos de oxigénio, capazes de danificar o DNA,
aliados a um sistema de reparo ineficiente, parecem ser os responsaveis pelo acimulo de
mutacdes no DNAmt (AVISE et al.,, 1987). O uso do DNAmt nas ultimas décadas
possibilitou a elucidacdo dos processos evolutivos e passado demografico de populagdes e
espécies (BALLARD; WHITLOCK, 2004).

O genoma mitocondrial constitui-se como um genoma circular de tamanho reduzido,
possuindo entre 16.000 a 20.000 pares de bases (FRANKHAM; BALLOU; BRISCOE,
2010). Possui genes codificadores para duas subunidades ribossémicas (12S e 16S), 22
RNAs transportadores (RNAts), trés subunidades da enzima citocromo ¢ oxidase (COl,
COll e COIll), citocromo B (Cyt B), subunidades 6 e 8 de ATP FO sintase (ATP6 e ATP8) e
sete subunidades da NADH desidrogenase (ND1-ND6 e ND4L) (MAS-COMA; BARGUES,
2009).

Embora o DNAmt seja um marcador amplamente utilizado, seu uso também possui

limitagbes, uma vez que o mesmo elucida estritamente processos historicos matrilineos.
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Assim, se as historias evolutivas entre machos e fémeas diferirem em uma espécie, este
marcador ndo é capaz de refletir a historia da espécie como um todo, mas apenas da por¢ado
feminina. Além dessa restricdo, alguns autores ja argumentaram recentemente que a
evolucdo do DNAmt € ndo-neutra, como proposto inicialmente (BALLARD; WHITLOCK,
2004).

Apesar das criticas a esse marcador, 0 DNAmt ainda é uma ferramenta muito
utilizada para estudos da subfamilia Triatominae. Os estudos filogenéticos em triatomineos
com genes mitocondriais tiveram inicio em 1998 (GARCIA; POWELL, 1998), e sdo
focados, principalmente, em alguns poucos genes como COI, Cyt B e ND1, devido a
dificuldade para o desenho de primers universais. ND1 é o gene mais conservado dentre os
sete genes codificantes da NADH desidrogenase (MAS-COMA; BARGUES, 2009). Ja o
Cyt B (citocromo oxidase B) é um gene geralmente utilizado para comparacdo de espécies
préximas geneticamente, devido a sua alta variabilidade na terceira posi¢dao do cddon (MAS-
COMA,; BARGUES, 2009). Em triatomineos, esse marcador é especialmente utilizado para
estudos de inferéncia filogenética, estruturacdo populacional (PAVAN; MONTEIRO, 2007,
PESSOA et al., 2016), para auxiliar a descricdo de novas espécies (SOUZA et al., 2016) ou
mesmo para a separacao de espécies cripticas (PAVAN; MONTEIRO, 2007).

1.3.4. Genética de populacdes

Elucidar os processos relacionados a origem e manutencdo da variabilidade genética
nas populacdes naturais é uma das tarefas realizadas pelos biélogos que trabalham com
genética de populacdes e evolugdo (LEE; MITCHELL-OLDS, 2011; RODERICK et al.,
2012). A genética de populacdes é uma area de estudo que compreende a origem, quantidade
e distribuicdo da variacdo genética presente dentro e entre populacfes, bem como o destino
desta variacdo no tempo e no espaco (TEMPLETON, 2011). Sequéncias variantes de um
mesmo segmento de DNA (ou seja, copias homdlogas) sdo denominadas haplotipos, podendo
ser geradas por meio de mutagdes ou por recombinagdo, de modo que a variagdo genética
pode ser estudada por meio destes polimorfismos (FUTUYMA, 2005). J4 a interagdo entre as
forcas evolutivas de mutacdo, deriva genética, fluxo génico e selecdo natural determinam as
frequéncias alélicas nas populagbes ao longo do tempo e também no espaco, sendo o
agrupamento de populacdes diferenciadas conhecido como estrutura populacional (HARTL,;
CLARK, 2010; TEMPLETON, 2011).

Entretanto, os trabalhos com a utilizacdo de ferramentas moleculares em geneética



Introducdo 43

populacional de triatomineos tém sido desenvolvidos em sua maioria em um contexto
filogeografico (MONTEIRO et al. 1999; MONTEIRO et al. 2004), sendo atualmente poucos
os estudos direcionados a identificacdo das populacdes de triatomineos que vivem em
peridomicilio, com a capacidade de invadir e colonizar domicilios. No Brasil, T. sordida tem
recebido uma atencdo especial devido a sua ampla distribuicdo, tendéncia a invadir
ambientes domésticos, associacdo com a reinfestacdo de ambientes tratados com inseticida
(PESSOA et al., 2015) e pela sua competéncia vetorial (LOROSA et al., 2000). Ainda, em
um recente estudo de modelamento de nicho ecoldgico, revelou-se a possibilidade dessa
espécie ter uma distribuicdo ainda maior do que se imaginava, estando presente em outros
biomas além do Cerrado, como Caatinga e Pantanal (GURGEL-GONGCALVES et al., 2012).
Para um planejamento e execucdo efetivos de iniciativas de controle vetorial, € importante
investigar os niveis de variacdo genética, a estrutura populacional e o fluxo génico entre
populacOes dessa espécie (PESSOA et al., 2016).

Atualmente, em Triatominae, estudos combinados de varios genes para a mesma
espécie de triatomineo sdo tidos como esporadicos (MAS-COMA; BARGUES, 2009; JUSTI
et al., 2014; JUSTI et al., 2016). Dessa forma, a combinacdo de genes nucleares de DNAr
como ITS-1 e ITS-2, conjuntamente com genes de DNAmt, como COIl, Cyt B e ND1, tem
sido considerada a melhor abordagem para estudos envolvendo espécies, subespécies,
hibridos e populacdes de triatomineos (MAS-COMA; BARGUES, 2009).

1.3.5. Cruzamentos Experimentais

A realizacdo de cruzamentos experimentais pode auxiliar no entendimento da
taxonomia, sistemética e dos mecanismos de isolamento que limitam o fluxo génico, assim
como possibilita avaliar o papel da hibridizacdo natural na geracdo de novas variantes
genéticas (que podem levar a evolucdo adaptativa e/ou a fundacdo de novas linhagens
evolutivas) (ARNOLD, 1997; PEREZ et al., 2005). Diversos estudos com cruzamentos
experimentais foram conduzidos em triatomineos (MAZZOTTI; OSORIO, 1941, 1942;
USINGER, 1944, 1966; ABALOS, 1948; RYCKMAN, 1962; CORREA e ESPINOLA, 1964;
UESHIMA, 1966; ESPINOLA, 1971; CARVALHEIRO; BARRETTO, 1976; FRANCA-
RODRIGUEZ et al., 1979; GALINDEZ et al., 1994, PEREZ et al 2005; SCHREIBER et al.,
1974; CERQUEIRA,1982; HEITZMANN-FONTENELLE, 1984; COSTA et al., 2003;
MARTINEZ-IBARRA et al., 2005, 2008, 2011, 2016a,b; CORREIA et al., 2013; DIAZ et al.,
2014; MENDONCA et al., 2014, 2016; CAMPOS-SOTO et al., 2016; NEVES et al., 2020)
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(Tabela 1), sendo a maioria dos estudos relacionados com a analise da viabilidade dos
hibridos em primeira geracdo (F1) ou, no méximo, em segunda geracdo (F2). Embora essas
analises apresentem grande valor cientifico, principalmente para os cruzamentos resultantes
em ovos inférteis (isolamento reprodutivo pré-zigoético) ou hibridos F1 invidveis (isolamento
reprodutivo pds-zigotica por inviabilidade do hibrido), conduzir os cruzamentos até, pelo
menos, a terceira geracao (F3) mostra-se de grande importancia, pois existem diversos fatores
relacionados com o isolamento reprodutivo pos-zigético que podem inviabilizar os hibridos a
partir da F2 [como, por exemplo, o desmoronamento do hibrido, descrito recentemente na
subfamilia Triatominae (MENDONCA et al., 2014; ALEVI et al., 2018)] e, dessa forma,
corroborar 0 conceito bioldgico de espécie, a saber, “espécies sdo grupos de populacdes
naturais que se intercruzam real ou potencialmente e que sdo isoladas reprodutivamente de
outros grupos (produzindo qualquer incompatibilidade reprodutiva entre os parentais,
esterilidade dos hibridos ou ambos)” (MAYR et al., 1963; DOBZHANSKY, 1970).

Tabela 1. Cruzamentos experimentais realizados na subfamilia Triatominae na literatura.

Cruzamentos experimentais Resultado

Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy Oy

Triatoma hegneri X Triatoma dimidiata - Inférteis
Triatoma hegneri X Triatoma dimidiata - Férteis
Meccus picturatus X Meccus pallidipennis Q FleF2
Meccus pallidipennis X Meccus picturatus Q FleF2
Meccus picturatus X Meccus mazzottii Q FleF2
Meccus mazzottii X Meccus picturatus Q FleF2
Meccus picturatus X Meccus phyllosomus Q FleF2
Meccus phyllosomus X Meccus picturatus Q FleF2
Meccus phyllosomus X Meccus pallidipennis Q FleF2
Meccus pallidipennis X Meccus phyllosomus Q FleF2
Meccus mazzottii X Meccus longipennis Q FleF2
Meccus longipennis X Meccus mazzottii Q FleF2
Meccus mazzottii X Meccus pallidipennis Q F1
Meccus pallidipennis X Meccus mazzottii Q F1
Meccus mazzottii X Meccus bassolsae Q F1
Meccus bassolsae X Meccus mazzottii Q F1
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Meccus longipennis
Meccus picturatus
Triatoma platensis
Triatoma delpontei
Triatoma platensis
Triatoma infestans
Triatoma infestans
Triatoma rubrovaria
Triatoma sinaloensis
Triatoma sinaloensis
Triatoma protracta
Triatoma barberi
Triatoma maculata
Triatoma maculata
Triatoma maculata
Triatoma maculata
Triatoma pseudomaculata
Triatoma pseudomaculata
Triatoma pseudomaculata
Triatoma brasiliensis
Triatoma bahiensis
Triatoma lenti
Triatoma lenti
Triatoma sherlocki
Rhodnius prolixus
Rhodnius prolixus
Rhodnius prolixus
Rhodnius pallescens
Rhodnius colombiensis
Triatoma brasiliensis
Triatoma melanocephala
Triatoma brasiliensis

Triatoma vitticeps

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

Meccus picturatus
Meccus longipennis
Triatoma delpontei
Triatoma platensis
Triatoma infestans
Triatoma platensis
Triatoma rubrovaria
Triatoma infestans
Triatoma peninsularis
Triatoma protracta
Triatoma barberi
Triatoma rubida
Triatoma sordida
Triatoma infestans
Triatoma brasiliensis
Triatoma pseudomaculata
Triatoma maculata
Triatoma sordida
Triatoma infestans
Triatoma petrochiae
Triatoma lenti
Triatoma bahiensis
Triatoma sherlocki
Triatoma lenti
Rhodnius negletcus
Rodnius robustus
Rhodnius pictipes
Rhodnius colombiensis
Rhodnius pallescens
Triatoma melanocephala
Triatoma brasiliensis
Triatoma vitticeps

Triatoma brasiliensis

+© +O +O0 +O0 +O0 +O0 +O0 +O0 +O0 +O

+O +O +O !

+O +O0 +O +O

O +O0 +O +O +O +O

F1
F1
FleF2
Inférteis
FleF2
FleF2
F1
F1
Inférteis
F1
FleF2
F1 (N5)
F1
F1
F1
F1 (hibridos inférteis)
F1 (hibridos inferteis)
F1
F1
F1 (1 ninfa de 1° instar)
F1
F1
FleF2
FleF2
F1
F2
F1 (N3)
F1
Inférteis
Inférteis
Inférteis
Inférteis

Inférteis
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3 Triatoma brasiliensis X Triatoma tibiamaculata Q Inférteis

4 Triatoma tibiamaculata X Triatoma brasiliensis Q inférteis

3 Triatoma brasiliensis X Triatoma melanica Q  FleF2(2individuos)
3 Triatoma melanica X Triatoma brasiliensis Q FleF2

3 Triatoma brasiliensis X Triatoma b. macromelasoma ¢ FleF2

& Triatoma b. macromegasoma X Triatoma brasiliensis Q FleF2

3 Triatoma brasiliensis X Triatoma juazeirensis Q FleF2

3 Triatoma juazeirensis X Triatoma brasiliensis Q FleF2

& Triatoma b. macromesoma X Triatoma melanica Q FleF2

3 Triatoma melanica X Triatoma b. macromesoma ¢ FleF2

) Triatoma melanica X Triatoma juazeirensis Q FleF2

) Triatoma juazeirensis X Triatoma melanica Q FleF2

& Triatoma b. macromesoma X Triatoma juazeirensis Q FleF2

3 Triatoma juazeirensis X Triatoma b. macromesoma ¢ FleF2

3 Triatoma sherlocki X Triatoma juazeirensis Q F1

) Triatoma juazeirensis X Triatoma sherlocki Q F1

4 Triatoma sherlocki X Triatoma brasiliensis Q F1

3 Triatoma brasiliensis X Triatoma sherlocki Q F1

3 Triatoma melanica X Triatoma sherlocki Q F1

F1: primeira geracdo hibrida, F2: segunda geracdo hibrida, N3: ninfa de terceiro instar, N5: ninfa de quinto instar. &:

macho, ¢: fémea. Fonte: Ravazi, 2019.

Cruzamentos hibridos foram realizados para espécies que, assim como T. sordida,
apresentam variacdo intraespecifica, e resultaram em auséncia (PANZERA et al., 2004; DIAS
et al., 2014) e presenca (GARCIA et al., 2013) de isolamento reprodutivo: cruzamentos de T.
infentans proveniente de regides Andinas e ndo Andinas, por exemplo, ndo apresentaram
barreiras de isolamento reprodutivo e alteracdo na meiose (PANZERA et al., 2004);
cruzamentos de R. nasutus (dark) com o padrdo tipico de R. nasutus também néo
apresentaram barreiras que inviabilizassem a prole desses triatomineos (DIAS et al., 2014).
Todavia, T. dimidiata de diferentes localidades foram cruzados e observou-se barreiras
reprodutivas (GARCIA et al., 2013), sendo que, recentemente, duas novas espécies foram
descritas a partir dos polimorfismos de T. dimidiata que apresentavam barreiras reprodutivas:
T. mopan Dorn et al. (2018) e T. huehuetenanguensis Lima-Cordén et al. (2019) (DORN et
al., 2018; LIMA-CORDON et al., 2019).
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1.3.5.1.  Mecanismos de isolamento reprodutivo pré-zigoticos

a) Isolamento ecoldgico

Como exemplo classico para esse tipo de isolamento reprodutivo, podemos utilizar T.
infestans e T. platensis Neiva, 1913, que sdo espécies que derivaram de um ancestral comum
(JUSTI et al., 2014), mas apresentam habitos diferentes - T. infestans esta associado a regides
domiciliares e se alimenta de sangue de mamiferos (GALVAO, 2014) e T. platensis esta
associada com ninhos de aves e se alimenta, preferencialmente, do sangue desses vertebrados
(ABALOS; WYGODZINSKY, 1951). O tnico elo que permite a relagdo entre essas espécies
séo os galinheiros (ABALOS, 1948; BARRETTO, 1976).

b) Isolamento mecanico

Na subfamilia Triatominae, o isolamento mecénico esta associado com a
incompatibilidade das genitalias e acontece com certa frequéncia entre 0s cruzamentos
experimentais, sobretudo, na maioria das vezes, em uma dire¢cdo dos cruzamentos, como
ocorre no cruzamento entre fémea de T. platensis com machos de T. delpontei Romafia &
Abalos, 1947 (USINGER et al., 1966). Abalos (1948) sugere que, possivelmente, o tamanho
da genitalia masculina de T. delpontei possa estar relacionado com a incompatibilidade na
copula, o que ressalta a importancia de analises morfoldgicas para a caracterizagdo das

genitalias no caso de inviabilidade dos ovos nos cruzamentos interespecifica.

c) Isolamento gameético

Embora nunca analisado entre os triatomineos, esse tipo de isolamento pré-zigético
pode ser o mecanismo que inviabiliza a producdo de hibridos em diversos cruzamentos
experimentais, como, por exemplo, entre T. lenti Sherlock & Serafim, 1967 e T. infestans
(CERQUEIRA, 1982) e entre T. brasiliensis e T. petrocchiae Pinto & Barreto, 1925
(ESPINOLA, 1971), pois, equivocadamente, quando 0s cruzamentos ndo resultam em
hibridos (mesmo que em apenas uma das direcGes), € sugerido que a incompatibilidade das
genitalias tenha ocorrido entre os parentais, sem que a morfologia dos gametas ou, até mesmo,
das genitalias seja analisada. Dessa forma, destacamos a importancia dessas analises para 0s

cruzamentos que nao resultam em F1.
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1.3.5.2.  Mecanismos de isolamento reprodutivo pés-zigoticos

a) Inviabilidade do hibrido

Embora os mecanismos pré-zigéticos ndo tenham inviabilizado a producdo de
hibridos, nesse tipo de isolamento os hibridos que eclodem dos ovos tém viabilidade
extremamente reduzida (baixo valor adaptativo), ndo chegando até a fase adulta da F1. Esse
fendmeno evolutivo pode ser representado pelo cruzamento entre T. mexicana (Herrich-
Schaeffer, 1848) e as seis espécies de Meccus spp. (MARTINEZ-IBARRA et al., 2011). Essa
inviabilidade dos hibridos apresentada para o cruzamento entre espécies de géneros diferentes
é extremamente importante do ponto de vista taxondémico, pois ressalta o status de cada
género [o género Meccus, por exemplo, por muito tempo, foi considerado como Triatoma
(PINTO, 1927; HYPSA et al., 2002)].

b) Esterilidade do hibrido

Nesse caso, os hibridos em F1 chegam até a fase adulta, mas sdo incapazes de produzir
F2, pois sdo estéreis (disgenesia gonadal) ou produzem gametas invidveis (resultantes de
anomalias cromossdmicas durante a espermatogénese), como acontece, por exemplo, para 0s
hibridos resultantes entre o cruzamento experimental entre T. infestans e T. rubrovaria
(Blanchard, 1843) (que apresentaram auséncia de pareamento ou pareamento trivalente entre
os cromossomos homeologos) (PEREZ et al., 2005), assim como para os hibridos do
cruzamento entre T. sordida e T. pseudomaculata (SCHREIBER et al., 1974) (que

apresentaram espermatides e espermatozoides gigantes e anémalos).
c) Desmoronamento do hibrido

Como ja mencionado anteriormente, esse tipo de isolamento pds-zigético foi
recentemente descrito para os triatomineos e esta relacionado com a inviabilidade hibrida a
partir da F2, ressaltando, mais uma vez, a importancia das analises da viabilidade hibrida ate,
pelo menos, a segunda geracdo. Mendonga et al. (2014) analisaram a espermatogénese de
hibridos em F1 [resultantes do cruzamento experimental entre T. lenti e T. sherlocki Papa et
al. (2002)] e observaram 100% de pareamento entre os cromossomos homedlogos. No
entanto, quando os autores analisaram o grau de pareamentos em F2, observaram erros nos
pareamentos de diversos cromossomos (univalentes), por incompatibilidade genética, o que
resulta em gametas inviaveis (fenémeno confirmado pela taxa de eclosdo dos ovos que

resultariam em F3).



Introducdo 49

O conceito de especiacdo criptica apontado para T. sordida por Noireau et al. (1998)
esta pautado em espécies morfologicamente indistinguiveis que foram classificadas dentro de
apenas um taxon nominal (BICKFORD et al., 2007). Esse conceito ja foi erroneamente
considerado como sinbnimo de espécies irmds, as quais conotam ancestralidade comum e néo
necessariamente relagido morfolégica (SAEZ; LOZANO, 2005; BICKFORD et al., 2007).
Alem disso, espécie criptica também foi associada de forma errada com eventos recentes de
especiacdo que ainda ndo resultaram na fixacdo de diferencas morfologicas (KNOWLTON,
1993; GUSTAFSSON et al., 2014; STRUCK et al., 2018).

Do ponto de vista cromossdmico, molecular, izoensiméatico e pelo padrdo de
hidrocarbonetos cuticulares, T. sordida se diferencia em mais de um tdxon (PANZERA et al.,
1997, 2015; NOIREAU et al., 1998; CALDERON-FERNANDEZ e JUAREZ, 2013).
Contudo, embora todos os autores assumam que a variacdo intraespecifica observada em T.
sordida seja resultado de especiacdo criptica, estudos morfolégicos sdo necessarios para
comprovar esse evento evolutivo (uma vez que divergéncias morfoldgicas derrubam a
hipotese de especiacdo criptica), pois a Unica comparacdo morfologica realizada em T.
sordida proveniente de diferentes paises (Brasil, Bolivia e Argentina) foi realizada por
Nattero et al. (2017) que diferenciaram T. sordida da Argentina dos exemplares provenientes
do Brasil e da Bolivia a partir de dados morfométricos da asa, ressaltando a importancia de
estudos adicionais para confirmar a validade especifica do(s) novo(s) taxon(s). Além disso,
com base na diferenciacdo fenotipica de T. sordida da Argentina quando comparada as outras
localidades, Nattero et al. (2017) sugerem que a(s) nova(s) espécie(s) putativa(s) de T. sordida

pode(m) ndo ser criptica(s).
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2. OBJETIVOS

2.1. Objetivo Geral

Com base na sua importancia epidemioldgica e, diante da necessidade de se expandir o
conhecimento acerca da questdo taxondmica de T. sordida, o presente estudo teve como
objetivo realizar uma anélise multidisciplinar e integrada de aspectos evolutivos dessa espécie
com énfase no fendbmeno de especiacdo criptica, por meio de analises envolvendo genética de
populacdes, sistematica  filogenética e a realizacao de cruzamentos

experimentais interespecificos.

2.2. Objetivos Especificos

a) Caracterizar, por meio de marcadores citogenéticos, as populacdes brasileiras de T.
sordida, representando a diversidade de diferentes biomas;

b) Utilizar marcadores mitocondriais (CytB e ND1) para inferir a estruturagdo
populacional, a distancia genética, e determinar as variantes genéticas das populacoes
de diferentes localidades brasileiras, por meio da identificacdo e quantificacdo de
sitios polimorficos, diversidade e diferencas nucleotidicas e haplotipicas;

C) Utilizar sequéncias inéditas de marcadores nuclear (ITS-1) e mitocondriais (Cyt B e
ND1), combinados com sequéncias disponiveis no GenBank, para uma anélise
filogenética dos exemplares de T. sordida provenientes do Brasil, Argentina e Bolivia,
a fim de se estabelecer as rela¢fes evolutivas entre 0s mesmos;

d) Realizar cruzamentos experimentais intraespecificos entre exemplares de T. sordida
do Brasil, Argentina e Bolivia, e avaliar a sua dindmica evolutiva, por meio da analise
da copula intraespecifica, da oviposicdo, da taxa de eclosdo dos ovos e da viabilidade
dos hibridos resultantes;

e) Analisar a viabilidade reprodutiva dos hibridos, por meio de analises citogenéticas da
espermatogénese e do padrdo de pareamento entre os cromossomos homeologos de
machos adultos, bem como por meio da analise morfoldgica das gbnadas masculinas,
com énfase na disgenesia gonadal,

f) Analisar o padrdo de segregacdo das caracteristicas fenotipicas dos parentais e
hibridos experimentais, por meio da morfologia externa, morfometria geométrica e

caracterizagdo das genitdlias masculina e feminina por microscopia de varredura.
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3. MATERIAIS E METODOS

3.1. Obtenc¢do do material biologico

Os individuos da espécie estudada foram cedidos pelo “Insetario de Triatominae”,
instalado na Faculdade de Ciéncias Farmacéuticas, Campus de Araraquara da Universidade
Estadual Paulista “Julio de Mesquita Filho” — FCFAR-UNESP, sob a coordenacao do Prof.
Dr. Jodo Aristeu da Rosa, bem como pelos insetarios da Fundacdo Oswaldo Cruz
(FIOCRUZ) do Rio de Janeiro, sob coordenacdo do Dr. Cleber Galvéao, e da FIOCRUZ de

Minas Gerais, sob coordenacdo da Dra. Liléia Diotaiuti.

3.1.1. Especimes utilizados nas andlises citogeneticas

Para as analises citogenéticas, os espécimes foram provenientes de pelo menos 19
municipios distribuidos em sete estados brasileiros, representando diferentes biomas (Tabela
2). Foram analisados em torno de 100 adultos machos provenientes dos municipios descritos,
com pelo menos trés exemplares de cada localidade.

Vale ressaltar que esses individuos ja se encontravam fixados e armazenados no
Laboratério de Biologia Celular (IBILCE/UNESP), porém, uma vez que sua fixagdo tinha
inicialmente uma finalidade citogenética (solucdo de 3 ml de metanol para 1 ml de &cido
acetico), os mesmos ndo puderam ser aproveitados para as analises moleculares, resultando
assim em uma maior amostragem para as analises citogenéticas, e envolvendo também uma

amostragem de localidades distintas.

Tabela 2. Localidades dos estados e biomas das populac@es analisadas citogeneticamente.

Estados Localidades amostradas Biomas

Bahia Seabra, Macalbas e Boquira Caatinga

Goiés Posse Cerrado

Goias Sao Luiz dos Montes Belos Cerrado
Guarani do Goias Cerrado

Mato Grosso Rondonopolis Cerrado

Mato Grosso do Sul  Rio Verde de Mato Grosso Cerrado e Pantanal
Corumba Pantanal

Brasilandia Mata Atlantica e Cerrado
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Minas Gerais Matias Cardoso e Monte Azul Cerrado e Caatinga
Itinga Mata Atlantica
Lontra Cerrado

Rio Grande do Sul Sé&o Francisco de Assis Pampas e Mata Atlantica

Séo Paulo Mirassol e Guaira Mata Atlantica e Cerrado
Sao Paulo e Castilho Mata Atlantica

Fonte: Elaborada pela autora.

3.1.2. Espécimes utilizados nas andlises populacionais

Em relacdo as andlises populacionais envolvendo os marcadores mitocondriais Cyt B
e ND1, os espécimes foram provenientes de nove localidades diferentes, abrangendo quatro
estados brasileiros, de acordo com a disponibilidade dos insetarios colaboradores. Além
disso, também foram utilizadas sequéncias do gene Cyt B disponiveis ho GenBank de mais
trés localidades: Seabra — BA (numero de acesso: MH054940), Monte Azul — MG
(MHO054941) e Pantanal — MS (KC249292) (Tabela 3).

Tabela 3. Estados e municipios amostrados nas analises populacionais, nimero de individuos
analisados em cada localidade (N), ambiente natural e codigo de identificacdo (Voucher) do

espéecime coletado.

Estados Localidades N Ambiente Voucher
Bahia (BA) Gentio de Ouro 3 P Sl1, SI2, SI3
Macalbas 5 P MAC1, MAC2, MACS3,
MAC4, MAC7, MAC8, MAC9
Seabra* 1 P SEAL
Tanhacu 6 P TAL, TA2, TA3, TA4, TA5,
TA6
Goias (GO) Posse 6 P GO1, GO2, GO3, GO4, GO5,
GO6
Minas Gerais (MG)  Brasiliade Minas 3 P BRL, BR2, BR3
Catuti 6 P CAT1, CAT2, CAT3, CAT4,
CATS5, CAT6
Monte Azul* 1 P MA1
Porteirinha 3 P POR1, POR2, POR3
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Riacho dos Machados 7 P RM1, RM2, RM3, RM4, RMS,
RMS8, RM10
Mato Grosso do Sul Corumba 7 P COR1, COR2, COR3, COR4,
(MS) COR5, COR6, COR7
Pantanal* 1 P PAN1

*Localidades de sequéncias depositadas no GenBank; P — Ambiente peridoméstico.
Fonte: Elaborada pela autora.

3.1.3. Espécimes utilizados nos cruzamentos experimentais e nas analises

filogenéticas, morfoldgicas e morfométricas

Para as analises filogenéticas com os genes mitocondriais Cyt B e ND1 e nuclear ITS-
1, andlises morfoldgicas e morfométricas, e a realizagdo dos cruzamentos experimentais
intraespecificos, os exemplares foram obtidos das seguintes procedéncias - T. sordida
Argentina: San Miguel (Provincia de Corrientes) [representando T. sordida Argentina de
acordo com Panzera et al. (2015)], T. sordida Brasil: Corumba — Mato Grosso do Sul
[representando T. sordida sensu stricto de acordo com Panzera et al. (2015)] e T. sordida
Bolivia: La Paz — Apolo [representando T. sordida La Paz de acordo com Panzera et al.
(2015)].

3.2 Analises Citogenéticas

3.2.1. Preparagdo Cromossdmica

Para as preparacdes citoldgicas, os testiculos foram removidos dos insetos adultos
ainda vivos, e entdo fixados em etanol-acido acético (3:1) e estocados em freezer a -20°C. Foi
entdo realizado o esmagamento celular do material, com uma gota de acido acético 50%. A
laminula foi retirada apds o congelamento do material em nitrogénio liquido para fixa¢do do
mesmo. As laminas foram secas em temperatura ambiente e, entdo, armazenadas em geladeira
a4°C.

3.2.2. Bandamento C e CMA3/DAPI

O protocolo de bandamento-C foi realizado de acordo com Sumner et al. (1972) para a

caracterizagdo da heterocromatina constitutiva. O bandamento CMA3/DAPI foi feito segundo
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Schmid (1980), com modificagdes em acordo com Severi-Aguiar et al. (2006) para a
diferenciacdo de regides heterocromaticas ricas em AT (DAPI*) e CG (CMA3Y).

3.2.3. Orceina Lacto-Acética

O protocolo da técnica de coloracdo com Orceina Lacto-Acética foi realizado de
acordo com De Vaio et al. (1985), com modificacbes de acordo com Alevi et al. (2012), com
énfase no pareamento entre 0os cromossomos homedlogos [com base nos estudos de Pérez et
al. (2005) e Mendonca et al. (2014)].

3.2.4. Anélise do material bioldgico

Pelo menos 50 células em fase de préfase meidtica (para analise da cromatina) e 50
em metafase meiotica (para analise dos cromossomos) de T. sordida de cada localidade foram
analisadas. A andlise das preparacfes pela técnica de Bandeamento-C e Orceina Lacto-
Acética foram realizadas por meio de um microscopio de luz Jenaval (ZEISS) acoplado a uma
camera digital e um analisador de imagens Axion Vision LE 4.8 (Copyright 2006—2009 Carl
Zeiss Imaging Solutions Gmb H). Ja a andlise dos preparados com bandeamento CMA3/DAPI
foi feita por meio de microscopia de fluorescéncia (ZEISS-AXIOSKOP e OLYMPUS BX-
FLA).

3.3. Andlises Moleculares

3.3.1. Extracdo do DNA Gendmico

Para a obtencdo da amostra de DNA genémico total, o material genético foi extraido
das gonadas, preferencialmente, ou das pernas, quando necessario, de exemplares adultos.
As partes dissecadas foram depositadas em microtubos com etanol absoluto e armazenadas
em freezer, a -20°C.

O DNA genbmico das espécies foi extraido utilizando-se o kit DNeasy Blood and
®
Tissue (QIAGEN ), de acordo com as instrucdes do fabricante. Apds a extracdo, o0 DNA foi

®
quantificado no espectrofotémetro ND-1000 NanoDrop (Uniscience ), para determinagdo
de sua concentracdo e qualidade. Em seguida, 2 pL de cada amostra de DNA gendmico foi
aplicada em um gel de agarose a 1% para verificar a integridade desse material, o qual foi

armazenado em aliquotas de 25 uL a 100 ng/uL, em freezer a -20°C.
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3.3.2. Reacao de Amplificacéo

A amplificacdo dos fragmentos se deu por meio da Reacdo em Cadeia da Polimerase

(PCR), sendo os primers utilizados (Sigma—AIdrich®) dos genes mitocondriais Cyt B e
ND1, e da regido espacadora intergénica (ITS-1) descritos na Tabela 4. As reacdes de
amplificacdo foram realizadas no Laboratorio de Citogenética e Molecular de Insetos, sob
coordenacdo da Profa. Dra. Mary Massumi Itoyama, em um termociclador Veriti Thermal

Cycler (Applied Biosystems®).

Tabela 4. Sequéncias dos primers dos genes analisados.

Gene Primers Comprimento (pb) Referéncia

CytB F: 5’- GGACGWGGWATTTATTATGGATC-3’ ~500 pb MONTEIRO

R: 5°- ATTACTCCTCCTAGCTTATTAGGAATTG-3’
et al., 2004
F: 5- TCTGATTCA TCAGCAAA -3
ND1 > - TCTGATTCACCCTCAGCAAA -3 ~ 600 pb GUERRA, 2016
R: 5 - GGAGCGTARGGTKTTRRGTTAT - 3°

ITS-1 F: 5’-CGACGCAAGAAGTAGCTG-3’ ~800 pb TARTAROTTI:

R: 5’-CGTAACAAGGTTTCCGTAGG-3’ CERON, 2005

Fonte: Elaborada pela autora.

As condigdes padronizadas para as reagdes de amplificacdo desses genes foram as seguintes:

e CytB

o Desnaturagéo inicial do DNA a 94°C, por 5 minutos;

o Desnaturacao (94°C, por 30 segundos)

o Anelamento (45-50°C, por 30 segundos), 35 ciclos

o Extensdo (72°C, por 2 minutos),

o Extensao final com um ciclo de 7 minutos a 72°C.

o Desnaturagéo inicial do DNA a 95°C, por 2 minutos;
o Desnaturacdo (95°C, por 60 segundos),
o Anelamento (49°C, por 60 segundos), 35 ciclos

o Extensédo (72°C, por 60 segundos),

o Extensao final com um ciclo de 4 minutos a 72°C.
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o Desnaturagéo inicial do DNA a 95°C, por 2 minutos;

o Desnaturacédo (95°C, por 15 segundos)

o Anelamento (50-56°C, por 30 segundos), 45 ciclos
o Extensdo (72°C, por 90 segundos),

o Extensdo final com um ciclo de 5 minutos a 72°C.

Para a reacdo de amplificacdo dos fragmentos dos genes mitocondriais, utilizou-se

6,5 UL de GoTag® Colorless Master Mix (Promega®), 1,0 pL de solucéo tampéo de Cloreto
de Magnésio, 0,5 pL de cada um dos primers forward e reverse, 2,5 pL de DNAg e 14,0 pL
de 4gua deionizada para completar o volume final de mix para 25 uL.

Em relacdo a amplificacdo do gene nuclear ITS-1, foram realizadas algumas
modificacdes para sua otimizacdo, sendo entdo utilizados 6,5 UL de GoTag® Colorless
Master Mix (Promega®), 0,75 pL de solugdo tampédo de Cloreto de Magnésio, 2,0 pL de
cada um dos primers forward e reverse, 2,5 pL de DNAg e 11,25 pL de &gua deionizada
para completar o volume final de mix para 25 pL.

Apds a amplificacdo dos genes, os produtos foram submetidos a eletroforese em gel
de agarose (D1 AGAROSE LOW EOOQO - Laboratérios CONDA). Para o gene nuclear ITS-
1, a separacdo se deu em gel de agarose a 1,5%, a uma voltagem de 90V, por cerca de 120
minutos. J& para os genes mitocondriais, a corrida se deu em gel de agarose a 1,0%, a uma

voltagem de 90V, por 60 minutos. Ambos os géis foram corados com o agente intercalante

brometo de etidio (Sigma—AIdrich®) a fim de confirmar a amplificacdo, sendo visualizados
em um transluminador UV e digitalizados. Para analise do peso molecular dos fragmentos

obtidos, foi utilizado como marcador de peso molecular a DNA Ladder 1KB Plus

(I nvitrogen®).

Posteriormente, os fragmentos separados pela eletroforese foram purificados

utilizando-se o Kit GFX PCR DNA & Gel Band (GE Healthcare and Life Technology®), de
acordo com as instrucdes do fabricante. Realizou-se a quantificagcdo dessas amostras e esse
material foi, entdo, submetido para sequenciamento direto no sequenciador ABI 3730 DNA
Analyser (Life Technologies — Applied Biosystems), do Centro de Pesquisa sobre Genoma
Humano e Células-Tronco da Universidade de Sdo Paulo/Brasil, conforme realizado por
Guerra (2016).
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3.4. Anélises populacionais

3.4.1. Andlise das sequéncias obtidas

Para a analise do sequenciamento e verificacdo da validade das sequéncias obtidas, foi
realizada a edigéo das sequéncias no software BioEdit Aligment Editor 7.0.5.3 (HALL, 1999),
e também foi feito o alinhamento maultiplo por meio da ferramenta ClustalW Multiple
Aligment (THOMPSON et al., 1994), seguido de inspecdo manual. A busca por identidade das
sequéncias semelhantes as obtidas neste trabalho foi realizada no banco de dados do NCBI
GenBank (National Center for Biotechnology Information), utilizando-se a ferramenta
BLAST (Basic Local Alignment Search Tool).

Como grupo externo (outgroup) para as analises populacionais e para fins de
calibracdo das arvores filogenéticas, foram utilizadas sequéncias disponiveis no GenBank de
T. infestans para o gene Cyt B (AY702023), e de T. brasiliensis para o gene ND1
(AM980619), uma vez que estas ja se mostraram eficientes para alguns estudos filogenéticos
na subfamilia Triatominae (MAS-COMA; BARGUES, 2009; MENDONCA et al., 2009;
GARDIM et al, 2014).

3.4.2. Estatistica Descritiva

As analises de estatistica descritiva, que visam quantificar a variacdo presente nas
sequéncias de DNA, foram realizadas pelo programa DnaSP v. 6.12.01 (ROZAS et al., 2017).
Para tal, foram estimados os seguintes parametros: quantidade de sitios polimérficos ou
segregantes (S) — numero de sitios que mostram variacao entre as sequéncias amostradas e 0s
sitios monomdérficos; nimero de haplétipos (H) - numero de combinagdes de um grupo de
alelos de loci adjacentes, que fazem parte do mesmo cromossomo, geralmente herdados como
uma unidade; diversidade haplotipica (Hd) — medida da variacdo geneética considerando o
numero real de mudancas de base entre as sequéncias; diversidade nucleotidica () — nUmero
médio de diferengas nucleotidicas por sitio entre duas sequéncias; numero médio de
diferengas nucleotidicas (k) — média das diferencas nucleotidicas entre pares de sequéncias
tomadas ao acaso na amostra; e o namero total de mutagdes encontradas (n ou Eta) - nUmero
total de mudancas na sequéncia de nucleotideos do material genético amostrado

Por meio do software MEGA (Molecular Evolutionary Genetics Analysis) v.6

(TAMURA et al., 2013) foi estimada a porcentagem média de cada uma das bases
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nitrogenadas (A, T, C e G) na composi¢do das sequéncias de mtDNA dos individuos

amostrados.

3.4.3. Distancia Genética

As matrizes de distancia genética entre os especimes das diferentes localidades foram
obtidas com o auxilio do programa MEGA v.6 (TAMURA et al., 2013), utilizando-se o
modelo de correcdo Kimura-2-parametros (K2P) (KIMURA, 1980).

3.4.4. Anélise de Variancia Molecular (AMOVA)

Por meio do programa Arlequim v.5.2.2 (EXCOFFIER; LISCHER, 2010) foi realizada
a Analise de Variancia Molecular (AMOVA), construida a partir da analise hierarquica da
variancia por meio da estatistica F ou estatistica F de Wright, que estabelece uma particdo da
variacdo total em componentes de covariancia, devido a diferenca entre individuos dentro de
populagdes (Fst), entre populacbes do mesmo grupo (Fsc) e entre grupos (Fc).
Especificamente, o valor de Fst indica o grau de endogamia devido a diferenciacdo entre
subpopulacBes em relacdo a populacgéo total. Se ha altas taxas de fluxo génico entre os grupos
analisados, o valor de Fst € baixo, enquanto que baixas taxas de fluxo génico podem levar a
um aumento na endogamia, tornando o valor de Fsr alto.

Para a realizacdo da analise hierarquica, foi necessario agrupar as populacdes,
atribuindo nameros diferentes para cada grupo (EXCOFFIER et al., 1992). Para ambos os
genes, foi analisado 0 mesmo agrupamento, estabelecido pelos seguintes critérios: formacgéo
de trés grupos de populagdes, de acordo com a regido ou estado — Grupo 1: individuos das
localidades de Minas Gerais e Goias (Brasilia de Minas, Catuti, Monte Azul, Porteirinha,
Riacho dos Machados e Posse); Grupo 2: individuos das localidades da Bahia (Gentio do
Ouro, Macaubas, Seabra e Tanhacu); e Grupo 3: individuos das localidades de Mato Grosso
do Sul (Corumbé e Pantanal).

3.4.5. Andlises Filogenéticas

As analises filogenéticas foram realizadas por meio do critério de Inferéncia
Bayesiana. Os métodos bayesianos partem do mesmo arcabouco matematico da estimativa de

Méaxima Verossimilhanga [do inglés, Maximum Likelihood (ML)]. Entretanto, enquanto nos
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métodos ML os pardmetros sdo considerados constantes desconhecidas fixas, nas analises
Bayesianas os pardmetros do modelo sdo considerados como varidveis aleatorias com
distribuicbes estatisticas. Antes da analise dos dados, sdo atribuidos aos pardmetros uma
distribuicdo a priori, que é, entdo, combinada com os dados (ou suas verossimilhancgas) para
gerar a distribuicdo a posteriori, que serve de base para as inferéncias sobre os parametros
que devem ser estimados (WHELAN et al., 2001; YANG; RANNALA, 2012).

A andlise de Inferéncia Bayesiana foi realizada no software MrBayes v.3.2.2.
(RONQUIST; HUELSENBECK, 2003). A escolha do melhor modelo de substitui¢do
nucleotidica se deu por meio do software jModelTest (DARRIBA et al., 2012), calculado por
meio do critério de informacdo Akaike (AIC). Utilizou-se o modelo Generalised Time-
Reversible com sitios invariaveis (GTR + ) para o gene Cyt B e 0 modelo Hasegawa-
Kishino-Yano com taxa de distribuicdo gama e uma proporcao de sitios invariaveis (HKY + G
+ 1) para o gene ND1. O suporte dos ramos foi estimado utilizando a anélise de bootstrap
(FELSENSTEIN, 1985), calculada em 1000 réplicas. As cadeias de Markov foram iniciadas
com uma arvore aleatéria e 0 nimero de geracdes foi de 20.000.000, amostradas a cada 2.000
geracbes. Os primeiros 25% das arvores foram descartadas. O software Tracer v. 1.6.0
(RAMBAUT et al., 2013) foi utilizado para verificar o momento de estabilizagéo (valores de
ESS acima de 200) das amostragens das arvores. A visualizacdo e edicdo da arvore gerada foi
realizada com o auxilio do programa FigTree v.1.4.3. (RAMBAUT, 2016).

3.5. Avaliacao do status especifico de T. sordida Argentina

3.5.1. Identificacdo morfoldgica e descricao

A descricdo de T. rosai sp. nov incluiu a utilizacdo de 14 exemplares adultos (sete
machos e sete fémeas), provenientes da localidade de San Miguel - Provincia de
Corrientes/Argentina, anteriormente caracterizados como T. sordida com base na chave
dicotdmica de Lent e Wygodzinsky (1979). A comparacdo de T. rosai sp. nov. foi realizada
com nove especimes machos e nove espécimes fémeas de T. sordida provenientes do

municipio de Riacho dos Machados - Minas Gerais (MG)/Brasil.
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3.5.2. Anélises morfoldgicas

3.5.2.1.  Microscopia Eletronica de Varredura

Para a caracterizacdo morfologica dos insetos no Microscopio Eletronico de Varredura
(MEV) [de acordo com Rosa et al. (2012)], quatro individuos de cada localidade (dois machos
e duas fémeas) foram utilizados, com énfase ao estudo do pronoto, escutelo (Figura 9), bem
como da genitélia externa feminina (Figura 10). Para esse estudo, as amostras foram limpas
em aparelho de ultrassom, desidratadas em serie alcoolica, secas em estufa a 45° por 20 min e,
em seguida, fixadas em pequenos cilindros de aluminio com esmalte incolor. Posteriormente,
foram metalizadas por “sputtering” durante dois minutos com poténcia de 10mA em aparelho
da marca “Sputter” SCD 050. Ap6s 0 processo de metalizacdo, as amostras foram analisadas e
fotodocumentadas em MEV Topcon SM-300.

3.5.2.2.  Microscopia de Luz

Para a caracterizacdo morfoldgica no Microscopio de Luz (ML), foram utilizados seis
individuos de cada localidade (trés machos e trés fémeas), sendo utilizadas imagens da cabeca
do macho, pronoto (Figura 9) e das genitalias (Figura 10). As analises fenotipicas foram
realizadas em microscépio estereoscopio Leica MZ APO, com sistema de analise de imagem

Motic Advanced 3.2 plus acoplado.

3.5.2.3.  Morfologia interna

Assim como realizado por Almeida e Carareto (2002) para hibridos de Drosophila, a
morfologia das gbnadas dos hibridos resultantes dos cruzamentos experimentais entre 0s
espécimes dos citdtipos T. sordida sensu stricto e T. sordida La Paz foi analisada e
fotodocumentada em microscépio estereoscopio Leica MZ APO com sistema de anéalise de
imagem Motic Advanced 3.2 plus, para avaliar a presenca do fendbmeno do fendmeno de
disgenesia gonadal (que pode ser uni ou bilateral). Para isso, foram utilizados, pelo menos,
cinco exemplares machos adultos de cada geragdo, que foram dissecados e tiveram suas
gbnadas analisadas. Como grupo controle, as gbnadas de, pelo menos, cinco parentais machos

também foram dissecadas e caracterizadas para fins de comparacao.
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Figura 9. Morfologia geral de um barbeiro, com pronoto e escutelo em detalhes.
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Fonte: Adaptada de Galvéo, 2014.

Figura 10. Morfologia de Triatoma rubrofasciata. Abdémen do macho: A — vista dorsal, B —
ventral; Abdémen da fémea: C — dorsal, D — genitalia do macho, E — paramero em detalhe, F
— genitalia da fémea, vista lateral e ventral.
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3.5.3. Anélises morfométricas

Para as andlises de mensuracgdo, foram utilizados 14 espécimes adultos de T. rosai sp.
nov. (sete machos e sete fémeas) e 18 de T. sordida (MG/Brasil) (nove machos e nove
fémeas). As medidas da cabeca, torax, abdémen, pronoto e do escutelo foram realizadas com
microscopio estereoscopio Leica MZ APO com sistema de andlise de imagem Motic
Advanced 3.2 plus acoplado. Os dados obtidos foram organizados em uma planilha no
programa Excel 2007® e apresentados na forma de tabela. As medidas dos parametros torax e
abdémen foram analisadas estatisticamente no software GraphPad Prism version 7.00 para
Windows, utilizando-se o teste-t de Welch. O teste-t de Welch é uma adaptacdo do teste t de
Student mais confidvel quando as duas amostras possuem variancias e tamanhos de amostra

desiguais.

3.5.4. Reconstrucdo filogenética

Para a reconstrucdo da arvore filogenética dos exemplares de T. sordida provenientes da
Argentina, Brasil e Bolivia, sequéncias inéditas dos genes analisados (Cyt B, ND1 e ITS-1)
foram combinadas com sequéncias disponiveis no GenBank. Como grupo externo para
polarizacdo da arvore, foram utilizadas sequéncias da espécie Panstrongylus megistus. Além
disso, para garantir que os representantes de T. sordida Argentina ndo eram T. garciabesi ou
T. guasayana identificados incorretamente pela sua morfologia semelhante, sequéncias desses
triatomineos também foram utilizadas para confirmacéo (Tabela 5).

As sequéncias foram alinhadas por meio do programa MEGA X, utilizando-se 0 método
Muscle. Os alinhamentos foram entdo submetidos ao programa jModeltest2 para avalia¢do do
melhor modelo de substituicdo de nucleotideos. Pelo teste AIC, os melhores modelos para 0s
genes 16S, 28S, COI, Cyt B e ITS-1 foram HKY + G, GTR, GTR + G, HKY + | + G e HKY,
respectivamente. Posteriormente, as sequéncias foram concatenadas pelo nome com o auxilio
do programa SeaView 4 e submetidas ao programa MrBayes 3.2 para obtenc¢éo da filogenia de
Inferéncia Bayesiana. Uma analise particionada foi realizada com um total de 100 milhdes de
geracOes, sendo a amostragem das arvores a cada 1000 geragbes, em duas corridas
independentes, com burn-in definido para 25% das amostras. O software Tracer v. 1.6.0 foi
utilizado para verificar o momento de estabilizagdo (valores de ESS acima de 200) das
amostragens das arvores. A visualizacdo e edi¢do da arvore gerada foi realizada novamente

com o auxilio do programa FigTree v.1.4.3.
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Tabela 5. Espécies analisadas, distribuicdo geogréfica e nimero de acesso do GenBank para cada marcador molecular utilizado.

Marcadores moleculares

Espécies Origem geogréfica COl CytB 28S 16S ITS-1
T. sordida Seabra, BA, Brasil MH029692 MH054940 MG417085 - *

T. sordida Posses, GO, Brasil MH029695 * MH059640 - -

T. sordida Monte Azul, MG, Brasil MH029693 MH054941 MG417086 - -

T. sordida Pantanal, MS, Brasil MH029694 KC249292 KC249210 KC249075 -

T. sordida San Miguel, Corrientes-Argentina MH029697 * MG417088 - *

T. sordida San Miguel, Corrientes-Argentina KC249387 KC249295 KC249213 KC249078 -

T. sordida Apolo, La Paz-Bolivia MH029696 MH054942 MH059641 - *

T. garciabesi  Rivadavia, Salta-Argentina MH029698 MH054943 MG417089 - -

T. garciabesi  Rivadavia, Salta-Argentina KC249338 KC249249 KC249158 KC249006 -

T. guasayana Santa Cruz, Bolivia KC249343 KC249252 KC249162 KC249011 -

P. megistus Nova Prata, RS, Brasil KC249308 KC249228 KC249136 KC248970 AM949580

*sequéncias inéditas; - sequéncias indisponiveis.

Fonte: Elaborada pela autora.
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3.6. Cruzamentos experimentais

3.6.1. Delineamento do estudo

A escolha da Faculdade de Ciéncias Farmacéuticas (FCFAR/UNESP, Campus de
Araraquara) como sede para o estudo se deu em funcdo da unidade apresentar o maior
insetario de triatomineos vivos do mundo (com mais de 180 colénias distribuidas entre mais
de 40 espécies), sob coordenacdo do Prof. Dr. Jodo Aristeu da Rosa. O insetario foi
recentemente reestruturado com recurso da FAPESP (Auxilio FAPESP/Programa de
Infraestrutura n® 2009/54911-9) e apresenta toda a infraestrutura e biosseguranca necessarias
para a realizacdo dos cruzamentos experimentais e manutencao dos hibridos.

Os cruzamentos experimentais entre T. sordida provenientes do Brasil, Argentina e
Bolivia foram realizados em ambas as direcdes, e cruzamentos entre 0s parentais provenientes
do mesmo pais também foram realizados e utilizados como parametro de compara¢do (grupo
controle) (Tabela 6) (MARTINEZ-IBARRA et al., 2008). Para garantir que toda a prole seja
resultante do cruzamento experimental, foram utilizadas ninfas de quinto instar machos e
fémeas [caracterizadas de acordo com a metodologia de Rosa et al. (1992)] para ambas as
espécies parentais (MARTINEZ-IBARRA et al., 2011), uma vez que os triatomineos s6

atingem a maturidade sexual apds a muda imaginal.

Tabela 6. Cruzamentos experimentais “interespecificos” e intraespecificos realizados entre T.

sordida provenientes do Brasil, Argentina e Bolivia.

Cruzamentos Experimentais

Cruzamento 1

Q T. sordida Brasil X T. sordida Argentina 3
Q T. sordida Argentina X T. sordida Brasil )
Cruzamento 2
Q T. sordida Brasil X T. sordida Bolivia )
Q T. sordida Bolivia X T. sordida Brasil )
Cruzamento 3
Q T. sordida Argentina X T. sordida Bolivia 3
Q T. sordida Bolivia X T. sordida Argentina )

Cruzamentos intraespecificos
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Q T. sordida Bolivia X T. sordida Bolivia 3
Q T. sordida Argentina X T. sordida Argentina g
Q T. sordida Brasil X T. sordida Brasil 4

Fonte: Elaborada pela autora.

Para garantir a viabilidade dos cruzamentos e aumentar a confiabilidade dos
resultados, pelo menos seis casais “interespecificos”, entre localidades (sendo trés réplicas
para cada direcdo) e trés casais intraespecificos (parentais) foram formados. Os casais foram
mantidos separadamente em potes de plastico (5 cm de didmetro, 10 cm de altura) com uma
sanfona vertical de papeldo (para maior movimentacdo e facilidade na alimentacdo desses
insetos) (BELISARIO et al., 2007) (Figura 11), em temperatura ambiente e foram alimentados
semanalmente com sangue de pato, uma vez que as aves sao refratarias a infeccéo pelo T.
cruzi (RASSI JR; RASSI; MARCONDES DE REZENDE, 2012).

Figura 11. Exemplo de recipientes em que 0s cruzamentos experimentais foram realizados.

Fonte: Imagem cedida pelo Prof. Dr. Kaio Cesar Chaboli Alevi.

Os casais foram acompanhados rotineiramente para analise e possivel
fotodocumentagdo das coépulas, assim como realizado por Campos-Soto et al. (2016).
Semanalmente, os ovos foram coletados, contabilizados e separados em um novo recipiente
para avaliar a taxa de ecloséo, sendo que os ovos foram observados por, pelo menos, 25 dias
apos a oviposicdo, conforme sugerido por Martinez-Ibarra et al. (2008). Ap6s a eclosdo das
ninfas “hibridas”, o desenvolvimento (N1 até N5) e a taxa de mortalidade também foram
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contabilizadas semanalmente (BELISARIO et al., 2007). Ao atingirem o quinto instar (N5),
novamente trés casais de ninfas “hibridas” F1 resultantes de cada cruzamento interespecifico
foram separados para formacéo de novos cruzamentos, sendo 0s mesmos parametros descritos
acima utilizados novamente na avaliacdo (e assim sucessivamente, até chegar em F3, com o
intuito de avaliar o desmoronamento do hibrido). Justificamos que, para todos os dados
quantitativos coletados, a frequéncia relativa (%) foi calculada.



Resultados
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4. RESULTADOS

Os resultados serdo apresentados na forma de quatro artigos cientificos.

4.1. Capitulo | (Artigo cientifico publicado na revista The American Journal of
Tropical Medicine & Hygiene, FI: 2,453)

MADEIRA, F. F.; REIS, Y. V.; BITTINELLI, I. F.; DELGADO, L. M. G.; OLIVEIRA, J,
MENDONCA, V. J.; MOREIRA, F. F. F.; AZEREDO-OLIVEIRA, M. T. V.; ROSA, J. A;;
ALEVI, K. C. C. Genetic structure of Brazilian populations of Triatoma sordida (Stal, 1859)
(Hemiptera, Triatominae) by means of chromosomal markers. The American Journal of
Tropical Medicine & Hygiene, Arlington, v. 100, n. 4, p. 907-910, 2019. DOI:
https://doi.org/10.4269/ajtmh.18-0336. Disponivel em:
https://www.ajtmh.org/view/journals/tpmd/100/4/article-p907.xml. Acesso em: 14 set. 2021.

Genetic structure of Brazilian populations of Triatoma sordida (Stal, 1859) (Hemiptera,

Triatominae) by means of chromosomal markers

Abstract

Triatoma sordida is among the main Brazilian species considered as Chagas disease vectors.
The genetic studies are directed mainly to phylogenetic questions, because these species
possibly has suffered cryptic speciation. Furthermore, there are few studies that analyzed the
structure and genetic variability of specimens from Brazil and that showed low genetic
diversity and strong genetic structuring of the population samples. Therefore, due to great
epidemiological importance of T. sordida and mainly the restriction of genetic
characterization of this vector only for populations of Minas Gerais state, this paper performs
a genetic analysis of the T. sordida from seven different Brazilian states (representing
different biomes), by means of cytogenetic markers. All analyzed specimens presents the
same cytogenetic characteristics: early meiotic prophase with several heterochromatic bodies
dispersed in the nucleus (CG-rich), being one of them formed by the associated sex
chromosomes surrounded by some autosomal heterochromatic regions, meiotic metaphase

with most autosomal pairs exhibiting a C-heterochromatic block in one chromosomal end
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(CG-rich), Y sex chromosome fully heterochromatin (AT-rich) and X chromosome may
present a small C-block (CG-rich). These results are important because the chromosomal
markers enable to confirm and expand the low genetic diversity for all Brazilian states
occupied by T. sordida, suggesting that all Brazilian populations were originated from a small
ancestral population and possibly dispersed to other biomes by founder effect. In addition, we
suggest that T. sordida from Brazil are not suffering cryptic speciation and we confirm the

classification of all Brazilian examples as T. sordida sensu stricto.

Keywords: population genetics; cytogenetic markers; cryptic speciation; Triatominae
subfamily; Chagas Disease.

1. Introduction

The Chagas disease is a neglected disease considered as a potentially life-threatening
illness caused by the protozoan Trypanosoma cruzi (Chagas, 1909), distributed mainly in
endemic areas of 21 Latin American countries, where it is mostly vector-borne transmitted to
humans by contact with feces of triatomines.! It is estimated that about 8 million people are
infected worldwide, mostly in Latin America where Chagas disease is endemic.t

Presently, there are 154 species of triatomines, distributed in 18 genera and five tribes,
being all species considered as potential vector of Chagas disease.>* In Brazil, there are 68
species distributed throughout the country’s 27 states, and 64% of them are endemic species.>
® Triatoma infestans (Klug, 1834), T. brasiliensis Neiva, 1911, T. pseudomaculata Corréa and
Espinola, 1964, T. sordida (Stal, 1859) and Panstrongylus megistus (Burmeister, 1835) are
the main species of triatomines related to the domestic transmission of Chagas disease.>°

Triatoma sordida is distributed in 14 Brazilian states (Acre, Bahia, Goias, Mato
Grosso, Mato Grosso do Sul, Maranhdo, Minas Gerais, Parana, Pernambuco, Piaui, Rio
Grande do Sul, Santa Catarina, S0 Paulo and Tocantins)>'%!, being considered the species
with the highest frequency of domiciliary captures in Brazil.> Although T. sordida exhibits
endemism centered in the Cerrado, this species is also prevalent in Bahia and the states of the
Southeast and Midwest regions of Brazil, including transition areas to the Amazon,>!
occupying thus other biomes besides the Cerrado: Pantanal, Atlantic forest and Caatinga.°

The epidemiological importance of T. sordida is increasing due to its tendency to
invade houses, particularly in areas where T. infestans has been controlled,'?>** being thus

considered as “semi-domestic”.’> The anthropic activities have influence in the richness of
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this species, because the areas of higher occurrence of T. sordida are the ones related to the
agricultural activities in the past, what could explain its presence in areas that suffered
ecologic impact due to significant loss of vegetation.'® Furthermore, T. sordida also is
associated with the reinfestation of dwellings treated with insecticides.'’

Although T. sordida exhibits wide geographic distribution in Brazil>®!! genetic
studies are directed mainly to phylogenetic questions®?2, because this species is also found in
Argentina, Bolivia, Paraguay and Uruguay®, and possibly has suffered cryptic speciation.!®-?!
Furthermore, there are exact studies that analyzed the genetic structure and genetic variability
of specimens from Minas Gerais, Brazil that showed low genetic diversity and strong genetic
structuring of the population samples.???®

Recently, Pessoa et al.?® related to low genetic diversity and strong genetic structuring
of the population samples of T. sordida with five possible factors: possible geographical
isolation due to an obstacle to Triatominae flow between neighboring localities, focal
distribution of insects in small colonies usually comprised of a few individuals, thereby
limiting gene flow between them; the low dispersal capacity of T. sordida, the long
Triatominae life cycle, which ensures that contributions from young adults able to reproduce
(and consequently exchange genetic material) occurs over long intervals that differ among
triatomine species and continuous pressure from insecticides used since the 1950s to
triatomines control.

As Chagas disease has no cure and treatment with benznidazole and nifurtimox are
more effective in the acute phase of the disease (which is often asymptomatic)®, vector control
is the most effective method of preventing this neglected disease! and all knowledge about
these hematophagous insects is important and can generate subsidies to assist the vector
control programs. Thus, due to great epidemiological importance of T. sordida in Brazil and
mainly the restriction of genetic characterization of this vector only for populations of Minas
Gerais state, this paper performs a genetic analysis of the T. sordida from seven different
Brazilian states representing different biomes, by means of cytogenetic markers.

2. Material and Methods
2.1 Material

One hundred adult males coming from the municipalities described in Table 1 (at a
minimum three copies of each locality) were used in the study (males were utilized because

spermatogenesis is continued in adulthood, allowing the visualization of chromatin and
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chromosomes). The triatomines were provided by the insectariums of FCFAR/UNESP,
Araraquara, SP, Brazil, of IOC/FIOCRUZ, Rio de Janeiro RJ, Brazil and of
CPgRR/FIOCRUZ, Belo Horizonte, MG, Brazil. The characterization of biomes was
performed according to the Brazilian Institute of Geography and Statistics (IBGE).?*

2.2 Chromosome preparation

For cytological preparations, testes were removed from adult insects alive, fixed in an
ethanol—acetic acid (3:1) and stored at -20°C. Squashes were made in a 50% acetic acid drop,
coverslips were removed after freezing in liquid nitrogen and the slides were air dried and
then stored at 4°C.

2.3 C and CMAGs/DAPI banding

C-banding was performed according to Sumner et al.?® for the characterization of
constitutive heterochromatin and CMA3/DAPI banding was performed according to
Schimid?®, with modifications according to Severi-Aguiar et al.?’, for differentiating the
regions of heterochromatin rich in AT (DAPI*) and CG (CMA3").

2.4 Analysis of biological material

At least 50 cells in prophase (for analysis of the chromatin) and 50 in metaphase (for
analysis of the chromosomes) of T. sordida from each location were analyzed. The analysis of
C-banding preparations was made using a Jenaval light microscope (Zeiss) attached to a
digital camera and an Axio Vision LE 4.8 image analyzer (Copyright 2006-2009 Carl Zeiss
Imaging Solutions Gmb H) and of CMAs/DAPI banding preparation was analyzed using in

fluorescence microscopy Zeiss-Axioskop and Olympus BX-FLA.
3. Results

All analyzed specimens, regardless the locality (Table 1) presents the same
cytogenetic characteristic: C-Banding: during early meiotic prophase, several heterocromatic
bodies are observed, being one of them formed by the associated sex chromosomes
surrounded by some autosomal heterocromatic regions (Fig 1A, *); Furthermore, during the
meiotic metaphase the most autosomal pairs present a C-heterochromatic block in one

chromosomal end and X chromosome may present a small C-block (Fig 1B) (Y sex
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chromosome is heterochromatin in all species of triatomine); CMA3/DAPI Banding: several
bodies CG-rich dispersed in the nucleus of early meiotic prophase, being one of them formed
by the association of the X sex chromosome surrounded by some autosomal (Fig 1C, *) and Y
sex chromosome AT-rich DNA (Fig 1D).

4. Discussion

Cytogenetic markers have been used because initially Panzera et al.!® differentiated T.
sordida from Brazil and Argentina by the pattern of heterochromatin. Recently Panzera et
al.?! and Bardella et al.?® recognized three chromosomal taxa for T. sordida (T. sordida sensu
stricto, T. sordida Argentina and T. sordida La Paz). Panzera et al.?! analyzed Brazilian
representatives from Minas Gerais, Piaui and Mato Grosso with C-banding and observed the
same results that we observed for all analyzed specimens. Beyond that, we characterized the
composition of DNA rich in AT and CG in chromatin of these vectors and all the specimens
of T sordida analyzed showed the same disposition in chromatin and chromosomes.

These results are important because the chromosomal markers enable confirm and
expand the results described by Pessoa et al.?® and Monteiro et al.?? for all Brazilian states
occupied by T. sordida. In addition, the low genetic diversity can also be confirmed by the
low genetic distance observed between T. sordida from different Brazilian states [for
example, 0.011 among populations of Mato Grosso (Pocotd) and Mato Grosso do Sul
(Pantanal) with the cytochrome oxidase | gene; 0.007 among populations of Mato Grosso
(Rondondpolis) and Mato Grosso do Sul (Pantanal) with cytochrome oxidase Il gene; and
0.006 among populations from municipalities in the state of Mato Grosso (Rondondpolis and
Pocotd), and 0.004 and 0.002 distance observed between Rondondpolis and Pantanal and
Pocoté and Pantanal, respectively, both with the 16S rDNA gene]?® and by the low variability
of the wing geometry of T. sordida observed recently among populations from Brazil %

Some authors suggest that T. sordida probably have originated in the Brazilian
Cerrado®®83! and as a consequence of deforestation and T. infestans control strategies, it has
dispersed towards the south.’®432 Qur results also suggest that all Brazilian populations
originated from a small ancestral population (possibly in the Cerrado, as suggested above) and
dispersed to other biomes by founder effect (possibly by active dispersal by flight® or passive
dispersion nymphs associated with bird feathers®*). However, since there are evidences that
genetic diversity of T. infestans is reduced in areas treated with insecticides due to bottleneck

events®3¢ we cannot also dismiss this hypothesis for T. sordida.
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Noireau et al.?® reported for the first time the presence of cryptic speciation to T.
sordida specimens from Bolivia. Monteiro et al.?? analyzed this phenomenon for four
populations from Minas Gerais, Brazil and found no cryptic speciation. Our results
demonstrate that T. sordida Brazilians are not suffering cryptic speciation, because if this
evolutionary event was taking place, the results with chromosomal markers would
demonstrate differences, as well as were recently observed for specimens of Bolivia.?!

Besides its importance for the genetic and evolutionary characterization of Brazilian T.
sordida, cytogenetic analysis confirms that all triatomine present in Brazilian insectariums,
initially classified as T. sordida by morphology, exhibit the same chromosome pattern
characterized by Panzera et al.?! as T. sordida sensu stricto, assisting directly in the taxonomy
of these vectors. In addition, for the first time, T. sordida specimens from several Brazilian
biomes and mainly representing areas of peridomicile (Rondondpolis and Guaira chicken
coops), intradomicile (Mirassol and Miranda’s houses) and wild (Corumba, associated with
bird nests) had the genetic diversity analyzed. The low genetic variability observed for T.
sordida can be an important tool for the control of this species by the vectors programs.

Thus, by means of the cytogenetics study of Brazilian T. sordida was observed that
this vector species although widely distributed in Brazil has extremely low genetic diversity.
Moreover, we confirm the classification of all Brazilian examples as T. sordida sensu stricto.
Our results are important to direct further studies (such as phylogeography) and, especially, to

assist in developing tools for the control of this vector species by vector control programs.
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Table 1. Geographical origin of the specimens used in the study and their corresponding

biomes.

Triatoma sordida collection sites

Brazilian states Municipalities Brazilian biomes

Mato Grosso Rondonaopolis Cerrado

Goias Posse Cerrado
Sé&o Luiz dos Montes Belos Cerrado
Guarani dos Goias Cerrado

Minas Gerais Matias Cardoso and Monte Azul Cerrado and Caatinga
Itinga Atlantic Forest

Bahia Seabra and Macaubas Caatinga

Rio Grande do Sul Séo Francisco de Assis Pampa and Atlantic Forest

Séo Paulo Mirassol and Guaira Atlantic Forest and Cerrado
Séo Paulo Atlantic Forest

Mato Grosso do Sul  Rio Verde de Mato Grosso Cerrado and Pantanal
Corumba Pantanal

Brasilandia Atlantic Forest and Cerrado
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Figure 1. Constitutive heterochromatin pattern and composition of AT-rich and CG-rich
DNA observed in T. sordida Brazilians. (A) Early meiotic prophase prepared with C-banding.
Note the several heterochromatic bodies dispersed in the nucleus, being one of them formed
by the associated sex chromosomes surrounded by some autosomal heterochromatic regions
(*). (B) Meiotic metaphase prepared with C-banding. Note the most autosomal pairs presents
a C-heterochromatic block in one chromosomal end, Y sex chromosome is fully
heterochromatin and X chromosome may present a small C-block. (C and D) Early meiotic
prophase prepared with CMA3/DAPI banding. (C) Note the several bodies CG-rich dispersed
in the nucleus, being one of them formed by the associated X sex chromosome surrounded by
some autosomal (*). (D) Note that only the Y sex chromosome is AT-rich. X: X sex

chromosome Y: Y sex chromosome. Bar = 10 um.
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Revisiting the genetic variability of Brazilian peridomestic populations of the Chagas

disease vector Triatoma sordida (Stal, 1859) (Hemiptera, Triatominae)

Abstract

Triatoma sordida is an endemic species to South America, currently considered the species
most frequently found in the peridomestic environment in Brazil. This triatomine has a wide
ecological tolerability that allows it to inhabit several ecotopes and use different food sources.
Although the species is considered predominantly peridomestic, it is also capable of
colonizing households and forming numerous intra-household colonies, leading to its
inclusion among the priorities for triatomine control campaigns in Brazil. All Brazilian
populations of T. sordida are considered as T. sordida sensu stricto by chromosomal analyses
(which highlights their epidemiological importance), although molecular studies that
characterize the genetic diversity of these populations are scarce, being restricted only to the
region of Minas Gerais. Thus, several populations of this vector distributed in the states of
Bahia, Goias, Mato Grosso do Sul, and Minas Gerais were analyzed using mitochondrial
markers (cyt b and ndl). Low nucleotide diversity, high haplotypic diversity, low genetic
distance, and high Fst value were observed, as well as the formation of a monophyletic clade
of the Brazilian populations of T. sordida, which confirms that this species has low genetic
variability, with all specimens in Brazil grouped in T. sordida sensu stricto. In addition to the
genetic and evolutionary importance for the knowledge of the biology of these vectors, these
results are important from an epidemiological point of view, thus being able to direct vector

control programs.
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markers.
1. Introduction

Triatomines (Hemiptera, Triatominae) are hematophagous insects of great
epidemiological importance, since they are considered as the main form of transmission of
the protozoan Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae), the
etiological agent of Chagas disease (WHO, 2020). This neglected disease has no cure,
affects about eight million people, and places approximately 25 million people worldwide at
risk of infection. Treatment with anti-trypanosomatids (Benznidazole and Nifurtimox) is
effective only in the acute phase of the disease which, in most cases, is asymptomatic
(WHO, 2020). Thus, the control of vector populations is considered as the main way of
minimizing the incidence of new cases of Chagas disease, and studies related to triatomines
are extremely important for public health, since they can generate subsidies to help
programs of vector control in the prophylaxis of Chagas disease.

Currently, there are 154 species of triatomines described (Galvéao, 2014; Oliveira and
Alevi, 2017; Dorn et al., 2018; Olivera et al., 2018; Lima-Cordon et al., 2019; Poinar, 2019,
Nascimento et al., 2019). Of this total, 66 species are known to occur in Brazil (Gurgel-
Gongcalves et al., 2017; Nascimento et al., 2019). Although there are species with a greater
or lesser degree of importance in the transmission of Chagas disease, all triatomines, of both
sexes, and at any stage of development after hatching, are considered as potential vectors of
this disease (Galvao, 2014).

Triatoma sordida is an endemic species to South America, currently considered the
species most frequently found in the peridomestic environment in Brazil (Galvéo, 2014). Its
distribution covers 53.85% of the Brazilian territory (considering the 26 states and the
Federal District), including the states of Acre, Bahia, Goias, Maranhdo, Mato Grosso, Mato
Grosso do Sul, Minas Gerais, Parana, Pernambuco, Piaui, Rio Grande do Sul, Santa
Catarina, Sao Paulo, and Tocantins (Galvao, 2014; Ramos et al., 2018). In addition, outside
of Brazil the species is found in Argentina, Bolivia, Paraguay, and Uruguay (Galvéo, 2014).

Triatoma sordida has a wide ecological niche that allows it to inhabit several
ecotopes and use different food sources (Forattini et al, 1975; Diotaiuti et al., 1993).
Although the species is considered predominantly peridomiciliar, T. sordida is also capable
of colonizing households and forming numerous intra-household colonies, leading to its

inclusion among the priorities for triatomine control campaigns in Brazil (Dioaiuti et al.
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1995; Silva et al. 2005; Abad-Franch et al. 2013; Ribeiro Jr. et al. 2019). Triatoma sordida
capture rates have been of concern to health authorities in areas of agricultural occupation in
the states of Sdo Paulo, Minas Gerais, and Goias (Dioaiuti et al. 1995; Silva et al. 2005;
Oliveira and Silva, 2007; Pelli et al. 2007). With the intensification of campaigns to control
and eliminate the foci of T. infestans, peridomestic infestation has assumed greater
importance, and the persistence of T. sordida infestations in these environments has been
seen as a challenge to be faced in the control of triatomines (Diotaiuti et al. 1995).

Triatoma sordida was the first species described of the Sordida subcomplex (Stal,
1859), initially composed of T. sordida, T. patagonica Del Ponte, 1929, T. guasayana
Wygodzinsky; Abalos, 1949, and T. garciabesi Carcavallo et al. (1967), based on
morphological analysis and geographic distribution (Schofield and Galvdo, 2009).
Currently, based on chromosomal data, this subcomplex is composed of the species T.
garciabesi, T. sordida sensu stricto, T. sordida Argentina [considered as a possible new
species (Panzera et al., 2015)], T. jurbergi Carcavallo et al., 1998, T. matogrossensis Leite &
Barbosa, 1953, and T. vandae Carcavallo et al., 2002 (Pita et al., 2016).

The taxonomic validity of the species grouped in the Sordida complex proposed by
Schofield and Galvdo (2009) has always been controversial and remains under discussion,
because with the exception of T. patagonica, the species in this subcomplex are
morphologically very similar and have geographic range overlap (with species living in
sympatry in many regions) (Panzera et al., 2015), which makes species differentiation
difficult. T. garciabesi, for example, was initially synonymized in 1979 with T. sordida
(Lent and Wygodzinsky, 1979) and, after 19 years, the species-specific status was
revalidated through morphological, isoenzymatic, and chromosomal analyses (Jurberg et al.,
1998). In addition, based on chromosomal (C-heterochromatin distribution and 45S
ribosomal genes) and molecular (COl mitochondrial gene) data, Panzera et al. (2015)
proposed the existence of three different taxa (cytotypes) among the specimens classified,
until now, as T. sordida: T. sordida Argentina, T. sordida La Paz, and T. sordida sensu
stricto, characterizing the phenomenon of cryptic speciation for T. sordida.

Panzera et al. (2015) suggest that all Brazilian populations of this species are
characterized as T. sordida sensu stricto. Cytogenetic analyses performed on specimens
from seven Brazilian states confirmed the classification of these insects as T. sordida sensu
stricto (Madeira et al., 2019). Although this cytotype of T. sordida is considered more
significant in terms of transmission of Chagas disease, especially in domestic and

peridomestic environments (Panzera et al., 2015), studies characterizing the genetic diversity



Capitulo 11 84

of these populations in Brazil are scarce, being restricted only to the Minas Gerais region
(Monteiro et al., 2009; Pessoa et al., 2016).

Thus, based on the epidemiological importance and given the need to expand
knowledge about the genetic diversity of the populations of T. sordida in Brazil, we
analyzed several populations of this vector distributed in the states of Bahia, Goias, Mato
Grosso do Sul, and Minas Gerais, using mitochondrial markers (cyt b and nd1).

2. Material and Methods

2.1 Origins of the insects - The studied populations came from colonies kept in the
Triatominae insectary of the School of Pharmaceutical Sciences, Sdo Paulo State University
(UNESP), Araraquara, Séo Paulo, Brazil (Table 1) (Figure 1). Although the sample size used
was relatively small (ranging from three to seven specimens) (Table 1), based on studies of
genetic population structure in other triatomines that also used small samples (Pacheco et al.,

2007; Monsalve et al., 2016), this factor does not preclude our analyses.

2.2 DNA extraction, amplification, and sequencing — Genomic DNA extraction from
gonads of adult specimens or nymphs in the fifth instar was performed using the DNeasy
Blood and Tissue kit (QIAGEN®), according to the manufacturer's instructions. The samples
were subjected to polymerase chain reaction (PCR) using primers targeting the cyt b gene:
CYT B F-5% GGACGWGGWATTTATTATGGATC 3> and CYT B R-5
ATTACTCCTCCTAGCTTATTAGGAATTG 3’ (Monteiro et al., 1999), and nd1 gene: ND1
F-5" TCTGATTCACCCTCAGCAAA 3" and ND1 R-5" GGAGCGTARGGTKTTRRGTTAT
3’ (Guerra, 2016). All PCR reactions were performed in 25 pL volumes containing: 6.5 pL of
GoTag® Colorless Master Mix (Promega®), 1.0 uL of magnesium chloride buffer solution,
0.5 pL of each of the forward and reverse primers, 2.5 pL of DNAg, and 14.0 pL of deionized
water to complete the final volume of mix. Amplifications were carried out in a Veriti™ 96-
Well Thermal Cycler (Applied Biosystems®) using the following reaction conditions for each
gene: cyt b — an initial denaturation at 94°C for 5 min, followed by 35 cycles comprising
denaturation at 94°C for 30 s, annealing at 45-50°C for 30 s, extension at 72°C for 2 min, and
a final extension step at 72°C for 7 min; ndl: an initial denaturation at 95°C for 2 min,
followed by 45 cycles comprising denaturation at 95°C for 15 s, annealing at 56°C for 30 s,
extension at 72°C for 90 s, and a final extension step at 72°C for 5 min. After electrophoresis,
the amplified PCR products were purified using a GFX PCR DNA & Gel Band Kit (GE

Healthcare and Life Technology®) according to the manufacturer's instructions. The purified
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products were sent to the Research Center on the Human Genome and Stem Cells, USP/S&o
Paulo, Brazil, and directly sequenced on an ABI 3730xl 96-capillary DNA analyzer (Life
Technologies — Applied Biosystems).

2.3 Sequence analysis - The sequences of all individuals were analyzed by using BioEdit
Alignment Editor v.7.0.5.3 (Hall, 1999) and a consensus sequence was obtained for each
DNA segment. The sequences were aligned using the Clustalw Multiple Alignment tool
(Thompson et al., 1994). The descriptive statistical analyses, which aim to quantify the
variation present in the DNA sequences, were performed by the program DnaSP v. 6.12.01
(Rozas et al.,, 2017). For this, the following parameters were estimated: number of
polymorphic or segregating sites (S); number of haplotypes (H); haplotypic diversity (Hd);
nucleotide diversity (n); average number of nucleotide differences (k); and total number of
mutations found (n or Eta). Using MEGA software (Molecular Evolutionary Genetics
Analysis) v.6 (Tamura et al., 2013) the average percentage of each of the nitrogenous bases in
the composition of the mtDNA sequences of the sampled individuals was estimated.
Subsequently, we also used MEGA v.6 software for constructing a genetic distance matrix
using the Kimura-2 parameter distance model for estimation of evolutionary divergence
between sequences.

Through the Arlequin 5.2.2 software (Excoffier and Lischer, 2010) the Analysis of
Molecular Variance (AMOVA) was performed, built from the hierarchical analysis of
variance using the F statistics of Wright (Wright, 1951). For both genes, the same grouping
was analyzed, established by the following criteria: formation of three groups of populations,
according to the region or state - Group 1: individuals from the localities of Minas Gerais
(MG) and Goias (GO) (Brasilia de Minas, Catuti, Monte Azul, Porteirinha, Riacho dos
Machados, and Posse); Group 2: individuals from the localities of Bahia (BA) (Gentio do
Ouro, Macalbas, Seabra, and Tanhacu); and Group 3: individuals from the populations of the
state of Mato Grosso do Sul (MS) (Corumbé and Pantanal).

Phylogenetic trees were reconstructed by the Bayesian inference method in MrBayes
v.3.2.2. Software (Ronquist and Huelsenbeck, 2003) using the Generalised Time-Reversible
with invariable sites parameters (GTR + 1) model for the cyt b sequences, and the Hasegawa-
Kishino-Yano model with gamma distributed rate variation among sites and proportion of
invariable sites (HKY + G + 1) for the nd1 sequences. The jModeltest tool was used to assess
the best fit model of nucleotide substitution (Darriba et al., 2012). The reliability of clustering

patterns in trees was assessed by 1,000 bootstrap replicates (Felsenstein, 1985). Tracer v.
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1.6.0 (Rambaut et al., 2013) was used to verify the stabilization moment (ESS values above
200) of the tree samples. The generated tree was visualized and edited with the aid of the
FigTree v.1.4.3 program. (Rambaut, 2016). We used the cyt b sequences of T. infestans
(GenBank accession number: AY702023) and nd1 sequences of T. brasiliensis (AM980619)
as outgroups. In addition, for analyses involving the cyt b gene, sequences available on the
GenBank of T. sordida specimens from other populations were also used: Monte Azul - MG
(accession number: MH054941), Pantanal - MS (KC249292), and Seabra - BA (MH054940).

3. Results

3.1 cyt b results

3.1.1 Nucleotide and haplotype diversity of cyt b among Brazilian samples — We
sequenced a fragment consisting of 554 bp of the cyt b gene from 49 samples of T. sordida,
originating from 12 different areas, comprising 4 states in the midwest and southeast regions
of Brazil (Table 1). In total, 16 polymorphic sites (S) were found (Table 2). The nucleotide
diversity (m) found was 0.00613 and the average number of nucleotide differences (k) was
3.396. Regarding the nucleotide composition of the mtDNA sequences obtained, it was
observed that, on average, 28.2% correspond to the thymine base (T), 28.9% correspond to
the cytosine base (C), 29.3% correspond to the adenine base (A), and 13.6% correspond to the
guanine base (G).

The polymorphisms obtained were arranged in 11 haplotypes (Table 2, Figure 2),
corresponding to a mean haplotype diversity of 0.871, considered elevated. Among these
haplotypes, three (H2, H3, and H7) presented frequencies below twenty percent. Two
haplotypes (H1 and H10) were predominant in the samples where they occurred (Seabra,
Gentio de Ouro, Monte Azul, and Pantanal). The haplotypes H2, H4, and H11 were the most
frequent haplotypes in the areas where they occurred (Figure 2). Curiously, the three
specimens sampled from the population of Porteirinha/MG presented three distinct
haplotypes, in contrast to the results for the three specimens from Gentil de Ouro/BA that

presented a single haplotype (Figure 2).

3.1.2 Genetic distance - Comparative analyses of genetic variability between populations of
T. sordida from the 12 Brazilian locations showed low nucleotide diversity among all the
locations analyzed, with most individuals from the other locations having a genetic distance

of less than 1% when compared pairwise, ranging from 0-1.6%. The overall average was
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0.006 or 0.6%. The distance between all locations and the outgroup was approximately 19.9
to 20.9% (Supplementary material 1).

3.1.3 Analysis of Molecular Variance - The Fsc (0.83) and Fst (0.88) fixation index values
were significant (p<0.05), showing high genetic differentiation between individuals within
populations and between populations. The highest percentages of variation were found
between populations within groups (60.3%), with little variation between groups (27.8%) and
within populations (11.9%). In addition, the high Fst value (> 0.25) is indicative of the effect
of population structure.

3.1.4 Phylogenetic analysis - The phylogenetic relationships among T. sordida isolates from
different areas of Brazil and one sample from San Miguel (Corrientes) — Argentina were
inferred from the cyt b sequences (Figure 3A). All the Brazilian locations fell into a group of
samples separated from the Argentina clade with maximum support (bootstrap value of
100%), confirming the difference between the two cytotypes and, mainly, that the specimens

from Brazil are grouped in a single cytotype (T. sordida sensu stricto).
3.2 nd1 results

3.2.1 Nucleotide and haplotype diversity of ndl gene among Brazilian samples — We
sequenced a fragment consisting of 508 bp of the cytb gene from 40 samples of T. sordida
originating from 9 different locations, comprising 4 states in the midwest and southeast
regions of Brazil (Table 1). In total, 12 polymorphic sites (S) were found (Table 3). The
nucleotide diversity () found was 0.00739 and the average number of nucleotide differences
(k) was 3.392. Regarding the nucleotide composition of the mtDNA sequences obtained, it
was observed that, on average, 17.5% correspond to the thymine base (T), 22% correspond to
the cytosine base (C), 50.1% correspond to the adenine base (A), and 10.5% correspond to the
guanine base (G).

The polymorphisms obtained were arranged in 10 haplotypes (Table 2, Figure 4),
corresponding to a mean haplotype diversity of 0.849, considered elevated. Among the
haplotypes, only one (H2) was predominant (100%) in the samples where they occurred
(Gentio de Ouro and Macaubas). Aside from these exceptions, all the other localities were
represented by two haplotypes. None of the haplotypes presented frequencies above twenty
percent (Figure 4).
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3.2.2 Genetic distance - Comparative analyses of genetic variability between populations of
T. sordida from the 9 Brazilian areas also showed low nucleotide diversity among all the
locations analyzed for the nd1 gene, ranging from 0-2%. The distance between all locations
and the outgroup was approximately 9.2 to 10%. The overall average was 0.7%

(Supplementary material 2).

3.2.3 Analysis of Molecular Variance — Similar to what occurred for the cyt b gene, the Fsc
(0.77) and Fst (0.81) fixation index values for the nd1 gene sequences were significant (p
<0.05), corroborating the high genetic differentiation between individuals within populations
and between populations. Likewise, the highest percentages of variation were found between
populations within groups (63.9%), with little variation within populations (18.6%) and
between groups (17.5%). Once again, the high Fst value (> 0.25) was indicative of the effect

of population structure.

3.2.4 Phylogenetic analysis - The phylogenetic relationships among T. sordida isolates from
different areas of Brazil and one sample from San Miguel (Corrientes) - Argentina were
inferred from the ndl sequences (Figure 3B). As occurred for cyt b sequences, all the
Brazilian locations fell into a group of samples separated from the Argentina clade with

maximum support (bootstrap value of 100%).
4. Discussion

To date, only two studies in the literature have investigated the genetic diversity of the
Brazilian populations of T. sordida (Monteiro et al., 2009; Pessoa et al., 2016), however both
are restricted to municipalities in the state of Minas Gerais, Brazil. Monteiro et al. (2009)
analyzed the population structure of 181 specimens collected in four municipalities (Espinosa,
Mamonas, Januaria and Corinto), evaluating 28 allozyme loci. Likewise, more recently,
Pessoa et al. (2016) corroborated this study by analyzing sequences of a polymorphic region
of the cyt b gene of 126 samples from 14 areas distributed in six municipalities in Minas
Gerais, Brazil (Buonopolis, Coracdo de Jesus, Monte Azul, Bocailva, Monjolos and
Presidente Jucelino). Both studies reported that the structure of these populations showed low
levels of genetic diversity, including that the nucleotide diversity of T. sordida isolates from
Bolivia was 13 times greater compared to Brazilian samples (Pessoa et al., 2016), which
supports the suggestion of the existence of the cryptic speciation phenomena proposed by
Panzera et al. (2015).
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Cryptic species, also known as isomorphic species, are identical species in their
external morphology, and may differ in minor characteristics which are not easily visible.
Through the use of different phenotypic and genetic markers, the cryptic speciation proved to
be a phenomenon widely disseminated in the subfamily Triatominae Jeannel, 1919 (Schofield
and Galvéo, 2009; Abad-Franch et al., 2013). Its existence has already been described for
different groups of the genus Triatoma Laporte, 1832, including representatives of the
subcomplexes Brasiliensis, Dimidiata, Phyllosoma, and Sordida (Schofield and Galvéo,
2009). Most of the species that composed the Sordida subcomplex characterized by Schofield
and Galvao (2009) have similar phenotypes and, in some cases, habitat overlap, which can
result in the formation of possible natural hybrids (Panzera et al., 2015). All of these factors
can result in taxonomic errors, requiring high specialization of the vector control team for
correct identification (Panzera et al., 2015). Thus, the use of molecular analyses associated
with morphological characters is of great importance for the correct classification of species
of this subcomplex.

The mitochondrial genes cyt b and nd1 showed similar results: 11 and 10 haplotypes,
respectively, with haplotypic diversity for cyt b (Hd = 0.871) and ndl (Hd = 0.849)
considered elevated. The haplotypic diversity is considered a descriptor of the number of
different existing haplotypes, and, in the case of nucleotide sequences, any difference in one
or more nucleotides represents a new haplotype (Carvalho, 2011). On the other hand, the
nucleotide diversity for both genes was quite low, being © = 0.00613 for cyt b and 7 =
0.00739 for ndl. These data (high haplotypic diversity and low nucleotide diversity) are
indicative of populations that have undergone recent territorial expansion (Grand and Bowen,
1998). According to Grand and Bowen (1998), nucleotide diversity values below 0.5 and
haplotypic diversity values above 0.5 are indications that the population experienced a
population bottleneck followed by fast growth and an accumulation of mutations, as observed
for the Brazilian populations of T. sordida.

As an expected characteristic for insect genomes, the percentage of A-T bases was
higher than the percentage of C-G bases for both mtDNA sequences obtained. In addition, the
A-T percentage of 57.4% is within the expected values for the cyt b gene in the Triatomini
Tribe (55-67%) (Mas-Coma and Bargues, 2009). In addition, the A-T percentage of 67.6% is
close to that expected for the nd1l gene in the Triatomini tribe (63-73%) (Mas-Coma and
Bargues, 2009).

Phylogenetic analyses with mitochondrial genes showed that all T. sordida specimens

sampled in Brazil form a distinct monophyletic group from T. sordida Argentina [confirming
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the hypothesis that this taxon represents a new species (Panzera et al., 2015)]. These data,
together with the genetic distance analyses (genetic distance overall average of 0.6%
divergence for the cyt b gene and 0.7% for the ndl gene) corroborated the low genetic
variability of the Brazilian populations of T. sordida proposed by Monteiro et al. (2009),
Pessoa et al. (2016), and Madeira et al. (2019), which confirms that T. sordida populations in
Brazil can be considered as T. sordida sensu stricto (Panzera et al., 2015).

Analysis of Molecular Variance (AMOVA) is a statistical model that makes it possible
to test hypotheses related to population genetic structure. These tests are based on statistics, ®
(Phi), an extension of Wright's F calculation (Wright, 1978) for nucleotide sequences. Their
calculations are based on a distance matrix involving the nucleotide diversity of the
haplotypes. The distribution of this diversity among populations and their individuals then
reveals the structuring of the species (Carvalho, 2011). For the hierarchical constructions
performed by region for both cyt b and nd1 genes, only the Fsc and Fst fixation indices were
significant (p <0.05), with the highest percentage of genetic variation found between
populations within groups formed for both markers. Specifically in relation to the Fst index,
the very high values obtained for both genes (> 0.25) indicate a high degree of inbreeding due
to the differentiation between subpopulations in relation to the total population (Sethuraman,
2013). Thus, if there are high rates of gene flow among the groups analyzed, the value of Fsrt
is low, while low rates of gene flow can lead to an increase in inbreeding, making the value of
Fst higher (Kraaijeveld-Smit et al., 2005), corroborating the evolutionary event of population
bottleneck for T. sordida from Brazil, signaled above by the high haplotypic diversity and low
nucleotide diversity, as well as by the cytogenetic data (Madeira et al., 2019).

Thus, based on the extremely low genetic distance and the possible occurrence of a
bottleneck, evidenced by the high haplotypic diversity, low nucleotide diversity, and a high
Fst value, it is possible to suggest low genetic diversity of the Brazilian sampled populations,
which could be related to several factors, alone or in combination: possible geographic
isolation due to an obstacle to the flow of triatomines between neighboring locations (Noireau
et al., 1998; Gonzalez -Britez, 2013, 2014); focal distribution of specimens in small colonies
formed by few individuals, limiting gene flow between them; the low dispersion capacity of
the species T. sordida (Monteiro et al., 2009); and/or the long life cycle of the subfamily
Triatominae, which ensures that the contributions of young adults capable of reproducing (and
consequently exchanging genetic material) occur at long intervals, which can differ between
species (Forattini et al., 1974). Furthermore, the possible effect of insecticides used in vector

control programs must also be considered, since there is already evidence, due to bottleneck
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events, of a reduction in genetic variability in populations in areas treated with insecticides in
comparison to those living in untreated areas (Pérez De Rosas et al., 2007, 2008; Pessoa et al.,
2016). Thus, the analyzed T. sordida populations may have been formed from surviving
specimens, founders of new colonies, with reduced genetic variability.

Population-level studies require information about a large sample of the population to
allow formulation of robust inferences of its population structure, and the very low levels of
variation reported here may represent a clear limitation in this regard [as also notified by
Monteiro et al. (2009)]. Furthermore, Tajima (1989) indicated that the number of segregating
sites is influenced by the size of the sampled population more strongly than the average
number of nucleotide differences (k). We found 16 polymorphic sites for the cyt b gene and
12 for the nd1 gene. These results are in line with the 12 polymorphic sites identified by
Pessoa et al. (2016) for the sampled areas of Minas Gerais state. Although the apparently low
levels of genetic variation in the populations analyzed might be attributed to the small sample
sizes available of the specimens, our results are in agreement with other studies that indicate
reduced genetic variability and strong genetic structuring obtained for T. sordida populations
(Monteiro et al., 2009; Pessoa et al., 2016).

Based on the low nucleotide diversity, high haplotype diversity, low genetic distance,
and high Fst value, as well as the formation of the monophyletic clade of the Brazilian
populations sampled of T. sordida, we confirm that this species has low genetic variability,
with all specimens from Brazil grouped in T. sordida sensu stricto. In addition to the genetic
and evolutionary importance for understanding the biology of vectors, these results are
important from an epidemiological point of view, since this cytotype has great significance in
the domestic and peridomestic transmission of Chagas disease (Panzera et al., 2015), thus

being able to direct vector control programs.
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Table 1. States and locations sampled, number of individuals analyzed in each location (N),

natural environment and identification code (voucher) of the collected Triatoma sordida

specimens.
States Municipalities Year of N Environment Voucher
collecting
Bahia Gentio de Ouro 2018 3 P SI1, S12, SI3
Macaubas 2012 5 P MAC1, MAC2, MAC3,
MAC4, MAC7, MACS,
MAC9
Seabra* 2014 1 P SEAL
Tanhagu 2017 6 P TAL, TA2, TA3, TA4,
TAS5, TA6
Goias Posse 1998 6 P GO1, GO2, GO3, GO4,
GO5, GO6
) . . ) P
Minas Gerais Brasilia de Minas 2018 3 BR1, BR2, BR3
Catuti 2017 6 P CATL1, CAT2, CAT3,
CAT4, CAT5, CAT6
Monte Azul* 2016 1 P MAL
- P
Porteirinha 2017 3 POR1, POR2, POR3
. P
Riacho dos 2017 7 RM1, RM2, RM3, RM4,
Machados RM6, RM8, RM10
; P
Mato Grosso do Corumbé 2016 7 COR1, COR2, COR3,
sul COR4, COR5, CORS,
COR7
Pantanal* 2016 1 P PAN1

*GenBank sequences; P - peridomestic.
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Table 2. Description of cytochrome b polymorphisms identified in Triatoma sordida samples

from Brazil.

Nucleotide? 9 26 33 38 54 62 86 161 167 182 218 302 443 473 482

551

T.sordida GAC° TAA GAA GAG TCG TAG TIC GIA AGC TAT CGC GIT GAG CGC CIC
(DID)  (*1*) (E[E) (E/G) (SIS) (W) (FI/S) (VIG) (SIN) (Y/C) (RIH) (VIA) (E/G) (AMH) (LIP)

1(3)

2 (10) - - - A - - - - ; ; ] ] ) )
3(3)
4(5)
5(7)
6(2)
7(2)
8 (12)
9(1)

-4 4 A4 A A4 A4 4 -4 -+
®
®
')
®
®

10 (2) G - - - - - - - - ; c ] ] )

11(2)

_|

AAC

(N/S)

O 06 60 6 0 6 6 6 6 0

a: nucleotide numbers according to sequence of T. sordida from Pantanal — MS used as reference in this study
(GenBank accession number MH029694); b: the number of Brazilian isolates characterised by the haplotype is
indicated in parenthesis; c: the codon position and the nucleotide substitution are shown in underlined text; *
indicate stop codons. Dashes indicate identical nucleotides of the reference sequence; d: the first amino acid
corresponds to the sequence of the reference isolate, while the second is the polymorphic amino acid obtained
from the Brazilian haplotypes.
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Table 3. Description of ndl gene polymorphisms identified in Triatoma sordida samples

from Brazil.

Nucleotide? 20 75 130 182 190 265 268 337 338 406 451 466

T. sordida GAA® AAA CAA AGT CAC CCA GCC AAC GAC AAT AAA ACC
(E/G)Y  (K/IK) (Q/R) (SIN) (HIY) (PIL) (AIT) (N/D) (D/E)  (NIS) (K/E) (T/P)

1@ - - G A T T A - - G G C
2 (11) - - G A T T A G - G G -
3(9) G - G A T T A G - G G -
4 (1) G - G A T T A G - G - -
5 (6) - - - - - - - - - - - -
6 (1) - - G A T T A G G G G -
7(3) - - G - T - A G - G - -
8 (3) - - G - T - A G - G - -
9 (4) - - G A T T A G G G G -
10 (1) - G - - - - - - - - - -

a: nucleotide numbers according to sequence of T. sordida from Corumba — MS (H5) used as reference in this
study (unpublished sequence); b: the number of Brazilian isolates characterised by the haplotype is indicated in
parenthesis; c: the codon position and the nucleotide substitution are shown in underlined text; * indicate stop
codons. Dashes indicate identical nucleotides of the reference sequence; d: the first amino acid corresponds to
the sequence of the reference isolate, while the second is the polymorphic amino acid obtained from the

Brazilian haplotypes.



Capitulo 11 101

Gentio do Curo

Tanhagu

Corumba Macalbas

Monte Azul
Catuti
Porteirinha

Riacho dos Machados
Brasilia de Minas

Figure 1. Map of Brazil showing the study sample areas for Triatoma sordida populations.
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Figure 2. Haplotype frequencies of cytochrome b in Brazilian samples. The scale bar shows

the percentage of each haplotype per location indicated in the horizontal boxes.
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Figure 3. Bayesian inference trees reconstructed from cyt b (A) and nd1 (B) sequences. The
numbers above the branches represent clade support higher than 70. A cytochrome b sequence
of Triatoma infestans and an ndl sequence of T. brasiliensis were used as outgroups,

respectively.
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Haplotype frequencies of nd1 gene
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Figure 4. Haplotype frequencies of nd1 gene in Brazilian samples. The scale bar shows the

percentage of each haplotype per location indicated in the horizontal boxes.
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Supplementary material 1. Estimates of evolutionary divergence between sequences of cyt b gene.

D1 | H |G |G | O[O G |00 [d) |d2) | d3) | dd | d5 | de [ d7) | d8) [ 19 | (20) | 2D | (22) | 23) | 24

(1) GEl
(2) GE2 0,000
(3)MAC1 | 0,007 | 0,007
(4) MAC2 | 0,007 | 0,007 | 0,000
(5 MAC3 | 0,007 0,007 | 0,000] 0,000
(6) MAC4 | 0,005 [ 0,005 ] 0,002] 0,002 0,002
(7) MAC7 | 0,005 | 0,005 | 0,002 | 0,002 | 0,002 [ 0,000
(8) MACS | 0,007 | 0,007 | 0,000 0,000 0,000] 0,002 | 0,002
(9)MAC9 | 0,007 ] 0,007 | 0,000 0,000 0,000] 0,002 ] 0,002 | 0,000
(10) SEA1 | 0,007 | 0,007 | 0,007 | 0,007 [ 0,007 0,005 | 0,005 | 0,007 | 0,007
(1DTAL | 0,005]0,005]0,005] 0,005 0,005 | 0,004 ] 0,004 [ 0,005 | 0,005 ] 0,005
(12)TA2 | 0,005] 0,005 ] 0,005] 0,005 | 0,005 | 0,004 ] 0,004 [ 0,005 ] 0,005 0,005 | 0,000
(13)TA3 | 0,005] 0,005 ] 0,005 0,005 [ 0,005 | 0,004 | 0,004 | 0,005 | 0,005 0,005 | 0,000] 0,000
(14) TA4 | 0,004 ] 0,004 | 0,004 | 0,004 | 0,004 ] 0,002 ] 0,002 | 0,004 | 0,004 | 0,004 | 0,002 ] 0,002 0,002
(15)TA5 | 0,005] 0,005 | 0,005 | 0,005 | 0,005 | 0,004 ] 0,004 [ 0,005 [ 0,005 | 0,005 | 0,000] 0,000 0,000] 0,002
(16)GO1 | 0,005 ] 0,005 | 0,005 0,005 0,005 | 0,004 ] 0,004 | 0,005 ] 0,005 0,005 | 0,004 ] 0,004 [ 0,004 ] 0,002 0,004
(17)G02 [ 0,005 ] 0,005 ] 0,005 0,005 0,005 | 0,004 | 0,004 [ 0,005 | 0,005 0,005 | 0,004 | 0,004 [ 0,004 ] 0,002 ] 0,004 0,000
(18) GO3 | 0,004 ] 0,004 ] 0,004 0,004 | 0,004 ] 0,002 ] 0,002 [ 0,004 | 0,004 0,004 | 0,002] 0,002 [ 0,002 ] 0,000 0,002 0,002 ] 0,002
(19)G04 | 0,004 ] 0,004 ] 0,004 0,004 0,004 ] 0,002 ] 0,002 | 0,004 | 0,004 0,004 | 0,002 ] 0,002 ] 0,002 ] 0,000 0,002 0,002 0,002 [ 0,000
(20)GO5 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 ] 0,002 ] 0,002 | 0,004 | 0,004 ] 0,004 | 0,002 ] 0,002 ] 0,002 ] 0,000 0,002 0,002 | 0,002 ] 0,000 | 0,000
(21) GO6 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 ] 0,002 | 0,004 | 0,004 | 0,004 | 0,002 0,002 ] 0,002 ] 0,000 0,002 | 0,002 | 0,002 ] 0,000 | 0,000 | 0,000
(22) BRI | 0,004 ] 0,004 | 0,004 0,004 | 0,004 | 0,002 ] 0,002 | 0,004 | 0,004 | 0,004 | 0,002 ] 0,002 [ 0,002 ] 0,000 0,002 0,002 ] 0,002 | 0,000 | 0,000 | 0,000 0,000
(23)BR2 | 0,005 0,005 ] 0,005 0,005 0,005 | 0,004 | 0,004 | 0,005 | 0,005 0,005 | 0,004 | 0,004 [ 0,004 | 0,002 | 0,004 | 0,004 | 0,004 [ 0,002 | 0,002 ] 0,002] 0,002 | 0,002
(24)BR3 [ 0,005 0,005 ] 0,005 0,005 0,005 | 0,004 | 0,004 | 0,005 | 0,005 0,005 | 0,004 | 0,004 [ 0,004 | 0,002 ] 0,004 | 0,004 | 0,004 ] 0,002 | 0,002 ] 0,002] 0,002 0,002 | 0,000
(25) CAT1 | 0,005 ] 0,005 ] 0,005 0,005 | 0,005 | 0,004 ] 0,004 [ 0,005 ] 0,005 0,005 | 0,000 0,000 0,000 0,002 | 0,000 0,004 [ 0,004 | 0,002 [ 0,002 0,002] 0,002 | 0,002 [ 0,004 [ 0,004
(26) CAT2 | 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,004 | 0,004 | 0,005 | 0,005 | 0,005 | 0,000 0,000 0,000 0,002 | 0,000 0,004 | 0,004 | 0,002 | 0,002 | 0,002 0,002 | 0,002 | 0,004 | 0,004
(27) CAT3 | 0,005 ] 0,005 | 0,005 0,005 | 0,005 | 0,004 | 0,004 | 0,005 | 0,005 0,005 | 0,000] 0,000 0,000 0,002 | 0,000 0,004 | 0,004 | 0,002 [ 0,002 | 0,002 0,002 | 0,002 | 0,004 | 0,004
(28) CAT4 | 0,005 ] 0,005 | 0,002 0,002 0,002 | 0,000 0,000 | 0,002 | 0,002 0,005 | 0,004 | 0,004 | 0,004 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 [ 0,002 | 0,002 0,002 | 0,002 | 0,004 | 0,004
(29) CATS | 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,004 | 0,004 | 0,005 | 0,005 | 0,005 | 0,000 0,000 0,000 0,002 | 0,000 0,004 | 0,004 | 0,002 [ 0,002 | 0,002 0,002 | 0,002 | 0,004 | 0,004
(30) CAT6 | 0,005 | 0,005 | 0,005 0,005 [ 0,005 | 0,004 | 0,004 [ 0,005 ] 0,005 0,005 | 0,000] 0,000 0,000 0,002 | 0,000 0,004 | 0,004 | 0,002 [ 0,002 0,002 0,002 | 0,002 [ 0,004 | 0,004
BDMAL | 0,007]0,007 ] 0,007 ] 0,007 [ 0,007] 0,005 [ 0,005 [ 0,007 ] 0,007 ] 0,000 0,005 ] 0,005 [ 0,005 ] 0,004 | 0,005 ] 0,005 [ 0,005 | 0,004 [ 0,004 | 0,004 | 0,004 | 0,004 [ 0,005 | 0,005
(32)PORL | 0,013]0,013]0,013] 0,013 0,013] 0,011]0,011[0,013]0,013] 0,013 ] 0,011]0,011]0,011]0,009]0,011]0,011]0,011]0,009]0,009]0,009] 0,009 0,009 ] 0,011 [ 0,011
(33)POR2 | 0,015]0,015]0,015] 0,015 0,015] 0,013] 0,013] 0,015] 0,015] 0,015 0,013] 0,013] 0,013] 0,011 | 0,013] 0,013] 0,013] 0,011 [ 0,011 | 0,011] 0,011 ] 0,011 ] 0,013] 0,013
(34)POR3 | 0,016 0,016 ] 0,016 0,016 | 0,016 0,015] 0,015] 0,016 ] 0,016 0,016 | 0,015] 0,015] 0,015] 0,013 ] 0,015] 0,015] 0,015] 0,013 ] 0,013 | 0,013 0,013] 0,013[ 0,015] 0,015
(35)RM1 | 0,004 ] 0,004 | 0,004 0,004 | 0,004 | 0,002 ] 0,002 | 0,004 | 0,004 | 0,004 | 0,002 ] 0,002 ] 0,002 ] 0,000 | 0,002 0,002 0,002 | 0,000 | 0,000 | 0,000 0,000 | 0,000 0,002 | 0,002
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(36) RM2 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002

(37) RM3 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002

(38) RM4 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002

(39) RM6 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,004 ] 0,004 | 0,005 | 0,005 | 0,005 | 0,000 | 0,000 | 0,000 | 0,002 | 0,000 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,004

(40) RM8 0,004 | 0,004 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002

(41) RM10 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002

(42) COR1 ]0,015] 0,015 0,015] 0,015] 0,015 0,013 0,013 | 0,015 0,015] 0,015] 0,013 ] 0,013 | 0,013 | 0,011]0,013]0,013|0,013|0,0110,011]0,011]0,011 | 0,011 |0,013] 0,013

(43) COR2 0,016 0,016 | 0,016 0,016] 0,016 | 0,015 0,015 | 0,016 | 0,016] 0,016 | 0,015 ] 0,015 | 0,015 0,013 ] 0,015| 0,015 | 0,015 | 0,013 | 0,013] 0,013| 0,013 | 0,013 | 0,015 0,015

(44) COR3 | 0,015/ 0,015] 0,015 0,015] 0,015 0,013]0,013]0,015] 0,015] 0,015] 0,013 0,013 0,013 | 0,011 | 0,013 0,013 | 0,013 0,011 |0,011|0,011] 0,011 |0,011]0,013]0,013

(45) COR4 0,015 0,015 0,015] 0,015]0,015] 0,013 0,013 | 0,015 0,015]0,015]0,013] 0,013 | 0,013 | 0,011]0,013]0,013]0,013|0,011|0,011]0,011]0,011|0,0110,013]0,013

(46) COR5 | 0,015 0,015 0,015] 0,015] 0,015 0,013 0,013 | 0,015 0,015] 0,015] 0,013 ] 0,013 | 0,013 0,011] 0,013| 0,013 | 0,013 0,011 0,011] 0,011 0,011 | 0,011 | 0,013 ] 0,013

(47) COR6 | 0,015 0,015 0,015 0,015]0,015]0,013]0,013]0,015] 0,015] 0,015] 0,013 0,013 0,013 0,011 0,013 0,013 | 0,013 0,011 |0,011|0,011]0,011|0,011]0,013]0,013

(48) COR7 |0,015(0,015]0,015]0,015]0,015]0,013]0,013]0,015]0,015]0,015] 0,013 0,013 0,013 0,011 | 0,013 0,013 | 0,013 0,011 |0,011|0,011]0,011|0,011]0,013]0,013

(49) PAN1 | 0,007 | 0,007 | 0,007 | 0,007 ] 0,007 | 0,005 | 0,005 | 0,007 | 0,007 | 0,000 | 0,005 | 0,005 | 0,005 | 0,004 | 0,005 | 0,005 | 0,005 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,005 | 0,005

(50) OUT 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,209 | 0,209 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,202 | 0,202
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(25 1 (26) | 27) [ (28) | (29) | BO) | B | (32) | 33) [ BG4 | (35 | (36) | 37) | (38) | 39) | (40) | (41) | (42) | (43) | (44) | (45) | (46) | (47) | (48) | (49) | (50)

(26) CAT2 | 0,000

(27) CAT3 [ 0,000 | 0,000

(28) CAT4 [ 0,004 | 0,004 | 0,004

(29) CATS [ 0,000 | 0,000 | 0,000 | 0,004

(30) CAT6 | 0,000 | 0,000 | 0,000 | 0,004 | 0,000

(31) MAI 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,005

(32) POR1 [ 0,0110,011]0,011]0,011 {0,011 |0,011]0,013

(33) POR2 0,013 (0,013 0,013 0,013 {0,013 0,013 0,015 | 0,002

(34) POR3 [ 0,015 0,015 0,015 | 0,015 [ 0,015 | 0,015 ] 0,016 | 0,004 | 0,002

(35) RM1 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,009 | 0,011 | 0,013

(36) RM2 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 [ 0,009 | 0,011 ] 0,013 | 0,000

(37) RM3 0,002 | 0,002 ] 0,002 | 0,002 | 0,002 | 0,002 | 0,004 { 0,009 | 0,011 ] 0,013 | 0,000 | 0,000

(38) RM4 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,009 | 0,011 ] 0,013 | 0,000 | 0,000 | 0,000

(39) RM6 0,000 | 0,000 | 0,000 | 0,004 | 0,000 | 0,000 | 0,005 ] 0,011 0,013 ] 0,015 | 0,002 | 0,002 | 0,002 | 0,002

(40) RM8 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,009 | 0,011 | 0,013 | 0,000 [ 0,000 | 0,000 | 0,000 | 0,002

(41) RM10 [ 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,009 | 0,011 | 0,013 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,000

(42) COR1 [0,013/0,013 0,013 10,013 {0,013 | 0,013 ] 0,015 [ 0,002 | 0,000 | 0,002 | 0,011 [0,011 | 0,011 | 0,011 | 0,013 [ 0,011 | 0,011

(43) COR2 [ 0,0150,015]0,015 | 0,015 [ 0,015 | 0,015 | 0,016 | 0,004 | 0,002 | 0,000 [ 0,013 [ 0,013 | 0,013 | 0,013 [ 0,015 0,013 | 0,013 | 0,002

(44)COR3 [0,0130,013 0,013 10,013 0,013 0,013 0,015 | 0,002 | 0,000 | 0,002 | 0,011 [0,011 ] 0,011 | 0,011 [ 0,013 0,011 | 0,011 | 0,000 | 0,002

(45)COR4 [0,013 0,013 0,013 10,013 {0,013 0,013 0,015 | 0,002 | 0,000 | 0,002 | 0,011 {0,011 ] 0,011 | 0,011 [ 0,013 0,011 | 0,011 | 0,000 | 0,002 | 0.000

(46) CORS | 0,013 0,013 0,013 0,013 ]0,013 10,013 0,015 | 0,002 | 0,000 [ 0,002 | 0,011 [0,011 [ 0,011 0,011 | 0,013 ]0,011]0,011 |0,000 | 0,002 | 0,000 | 0,000

(47) COR6 [ 0,013 0,013 0,013 10,013 {0,013 | 0,013 0,015 | 0,002 | 0,000 | 0,002 | 0,011 {0,011 | 0,011 | 0,011 [ 0,013 {0,011 | 0,011 | 0,000 | 0,002 | 0,000 | 0,000 | 0,000

(48) COR7 [0,0130,013 0,013 10,013 {0,013 |0,013]0,015 | 0,002 [ 0,000 ] 0,002 | 0,011 {0,011 | 0,011 | 0,011 | 0,013 [ 0,011 | 0,011 | 0,000 | 0,002 | 0,000 | 0,000 | 0,000 | 0,000

(49) PAN1 | 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,005 | 0,000 |{ 0,013 [ 0,015 ] 0,016 | 0,004 | 0,004 | 0,004 | 0,004 | 0,005 | 0,004 | 0,004 | 0,015 [ 0,016 | 0,015 ] 0,015 | 0,015 0,015 0,015

(50) OUT | 0,206 | 0,206 | 0,206 | 0,209 | 0,206 | 0,206 | 0,206 | 0,199 | 0,199 | 0,203 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,206 | 0,199 | 0,203 | 0,199 | 0,199 | 0,199 | 0,199 | 0,199 | 0,206
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Supplementary material 2. Estimates of evolutionary divergence between sequences of nd1 gene.

O 1A BH |GG | D16 O |d0]d)|d2|d3) | dy ds | de | dn | a8 [ d9 | 20 | 2 | (22) | 23) | 24
(1) GE1
(2) GE2 0,000
(3)MAC1 | 0,002 | 0,000
(4)MAC2 | 0,002 | 0,000 | 0,000
(5 MAC5 | 0,000 | 0,000 | 0,000 | 0,000
(6) MAC7 | 0,000 | 0,000 | 0,000 0,000 | 0,000
(7)MACS8 | 0,000 | 0,000 | 0,000 0,000 | 0,000 0,000
(8) MACY | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 0,000 | 0,000
(9) TAL 0,002 | 0,002 | 0,002 | 0,002 | 0,002 0,002 | 0,002 | 0,002
(10)TA2 0,002 | 0,002 | 0,002] 0,002 | 0,002 | 0,002{ 0,002 | 0,002] 0,000
(1) TA3 0,002 0,002 | 0,002] 0,002 | 0,002 0,002 | 0,002 | 0,002 | 0,000 | 0,000
(12)TA4 0,000 | 0,000 | 0,000 ] 0,000 [ 0,000 | 0,000 0,000 | 0,000 0,002 | 0,002 | 0,002
(13)TA5 0,002 0,002 | 0,002] 0,002 | 0,002 0,002 0,002 | 0,002 0,000 | 0,000 0,000 | 0,002
(14)GO1 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,010 0,010 0,010 0,008 | 0,010
(15)G02 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,010 | 0,010] 0,010 | 0,008 | 0,010 | 0,000
(16)GO3 | 0,006 | 0,006 | 0,008 | 0,008 | 0,006 | 0,006 | 0,006 | 0,006 | 0,008 | 0,008 | 0,008 | 0,006 | 0,008 | 0,002 | 0,002
(17)GO4 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,010 | 0,010 0,010 | 0,008 | 0,010 | 0,000 | 0,000 | 0,002
(18) GO5 | 0,006 | 0,006 | 0,006 | 0,006 | 0,006 | 0,006 | 0,006 | 0,006 | 0,008 | 0,008 | 0,008 | 0,006 | 0,008 | 0,002 | 0,002 | 0,000 | 0,002
(19)GO6 | 0,006 | 0,006 | 0,006 | 0,006 [ 0,006 | 0,006 | 0,006 | 0,006 | 0,008 | 0,008 | 0,008 | 0,006 | 0,008 | 0,002 | 0,002 | 0,000 | 0,002 | 0,000
(20)BR1 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,004 | 0,006 | 0,006 | 0,006 | 0,004 | 0,006 0,012] 0,012 0,010{ 0,012 0,010| 0,010
(21)BR2 0,000 | 0,000 | 0,002 ] 0,002 | 0,000 | 0,000 | 0,000 | 0,000 | 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,008 | 0,008 | 0,006 | 0,008 | 0,006 | 0,006 | 0,004
(22)BR3 | 0,000 | 0,000 | 0,002 | 0,002 | 0,000 | 0,000 0,000 | 0,000 0,002 | 0,002 | 0,002 | 0,000 | 0,002 | 0,008 | 0,008 | 0,006 | 0,008 | 0,006 | 0,006 | 0,004 | 0,000
(23) CAT1 | 0,002 | 0,002 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,002 0,000 | 0,000 | 0,000 | 0,002 | 0,000] 0,010 | 0,010] 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002
(24) CAT2 | 0,004 | 0,004 | 0,006 | 0,006 | 0,004 | 0,004 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,004 | 0,002 0,008 | 0,008 | 0,006 | 0,008 | 0,006 | 0,006 | 0,008 | 0,004 | 0,004 | 0,002
(25) CAT3 | 0,002 | 0,002 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,002] 0,000 | 0,000 0,000 | 0,002 | 0,000{ 0,010 | 0,010] 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,000 | 0,002
(26) CATS | 0,002 | 0,002 | 0,004 | 0,004 | 0,002 | 0,002 { 0,002 | 0,002] 0,000 | 0,000 0,000 [ 0,002 | 0,000] 0,010 0,010] 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,000 | 0,002
(27) CAT6 | 0,002 [ 0,002 | 0,004 | 0,004 | 0,002 | 0,002 | 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,002 | 0,000 0,010 | 0,010 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,000 | 0,002
(28) POR1 | 0,018 0,018 | 0,018] 0,018 [ 0,018 0,018] 0,018 [ 0,018 0,020 [ 0,020 | 0,020 0,018 | 0,020| 0,014 | 0,014 | 0,012{ 0,014 | 0,012] 0,012 | 0,018 | 0,018 | 0,018 | 0,020| 0,018
(29)POR2 | 0,016 0,016 | 0,016] 0,016 | 0,016] 0,016] 0,016 | 0,016] 0,018 | 0,018 0,018 | 0,016 | 0,018] 0,012] 0,012]0,010] 0,012 0,010{ 0,010 | 0,016] 0,016 | 0,016 | 0,018 | 0,016
(30) POR3 | 0,016 | 0,016 | 0,016] 0,016 | 0,016 0,016| 0,016 [ 0,016] 0,018 | 0,018 | 0,018 | 0,016 | 0,018] 0,012 | 0,012] 0,010 | 0,012 | 0,010{ 0,010 | 0,016] 0,016 | 0,016 | 0,018 | 0,016
BDRMI1 0,002 0,002 | 0,002] 0,002 | 0,002 | 0,002{ 0,002 | 0,002] 0,004 | 0,004 | 0,004 | 0,002 | 0,004 | 0,006 | 0,006 | 0,008 | 0,006 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,004 | 0,006
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(32) RM2 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,004 | 0,006 | 0,006 | 0,008 | 0,006 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,004 | 0,006
(33) RM3 0,002 | 0,002 ] 0,002 | 0,002 | 0,002 | 0,002 ] 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,004 | 0,006 | 0,006 | 0,008 | 0,006 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,004 | 0,006
(34) RM4 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,004 | 0,006 | 0,006 | 0,008 | 0,006 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,004 | 0,006
(35) RM6 0,002 | 0,002 ] 0,002 | 0,002 | 0,002 | 0,002 0,002 | 0,002 | 0,000 | 0,000 | 0,000 | 0,002 | 0,000] 0,010 0,010 | 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,000 | 0,002
(36) COR2 0,016 0,016 | 0,016 0,016 0,016 0,016 | 0,016 | 0,016 | 0,018 | 0,018 | 0,018 [ 0,016 | 0,018 | 0,012 | 0,012 | 0,010 | 0,012 | 0,010 | 0,010 | 0,016 | 0,016 | 0,016 | 0,018 | 0,016
(37) COR3 | 0,016 0,016] 0,016 0,016 0,016 0,016] 0,016 | 0,016 | 0,018 0,018 0,018 | 0,016 | 0,018 ] 0,012] 0,012 | 0,010 0,012] 0,010 | 0,010 | 0,016 | 0,016 | 0,016 | 0,018 | 0,016
(38) COR4 0,016 0,016 0,016 0,016 0,016 0,016 | 0,016 | 0,016 | 0,018 | 0,018 | 0,018 [ 0,016 | 0,018 | 0,012 | 0,012 0,010 | 0,012 | 0,010 | 0,010 | 0,016 | 0,016 | 0,016 | 0,018 | 0,016
(39) COR5 |0,016]0,016] 0,018 0,018 0,016 0,016] 0,016 | 0,016 | 0,018] 0,018 0,018 | 0,016 | 0,018 ] 0,012] 0,012 | 0,010 0,012| 0,010 | 0,010 | 0,016 | 0,016 | 0,016 | 0,018 | 0,016
(40) COR6 | 0,002 | 0,002 ] 0,002 | 0,002 | 0,002 | 0,002 ] 0,002 | 0,002 | 0,004 | 0,004 | 0,004 | 0,002 | 0,004 ] 0,010 0,010 | 0,008 | 0,010 | 0,008 | 0,008 | 0,006 | 0,002 | 0,002 | 0,004 | 0,006
(41) OUT 0,103 0,103] 0,105] 0,105 | 0,103 | 0,103] 0,103 | 0,103 | 0,105 0,105 0,105 | 0,103 | 0,105] 0,103 | 0,103 | 0,101 | 0,103 | 0,100 | 0,100 | 0,103 | 0,102 | 0,102 | 0,105 | 0,102
(25 | 26) | 27 | (28) | (29) [ 30) | 3D | (32) | (33) | (34) | (35) | (36) | B37) | 38) | 39) | 40) | (4D

(26) CAT5 | 0,000

(27) CAT6 | 0,000 0,000

(28) PORI | 0,020 | 0,020] 0,020

(29) POR2 | 0,018 0,018| 0,018 | 0,002

(30) POR3 | 0,018 0,018] 0,018 0,002 | 0,000

(31) RM1 | 0,004 | 0,004| 0,004| 0,020| 0,018] 0,018

(32) RM2 | 0,004 | 0,004]| 0,004| 0,020| 0,018| 0,018 | 0,000

(33) RM3 | 0,004 | 0,004| 0,004 0,020 | 0,018| 0,018 0,000 | 0,000

(349) RM4 | 0,004 | 0,004]| 0,004| 0,020 | 0,018| 0,018 | 0,000]| 0,000 | 0,000

(35) RM6 | 0,000 0,000| 0,000 0,020 0,018| 0,018] 0,004 | 0,004 | 0,004 ] 0,004

(36) COR2 | 0,018 0,018] 0,018| 0,002 | 0,000| 0,000 0,018] 0,018 | 0,018 0,018| 0,018

(37) COR3 | 0,018 0,018] 0,018 0,002 | 0,000| 0,000| 0,018 | 0,018] 0,018] 0,018 | 0,018 | 0,000

(38) COR4 | 0,018 0,018] 0,018| 0,002 | 0,000| 0,000 | 0,018] 0,018 | 0,018 0,018 | 0,018 | 0,000 | 0,000

(39) CORS5 | 0,018 0,018] 0,018 0,002 | 0,000| 0,000| 0,018 | 0,018| 0,018] 0,018 | 0,018 | 0,000] 0,000 | 0,000

(40) COR6 | 0,004 | 0,004 | 0,004| 0,016| 0,014| 0,014 0,004 | 0,004 | 0,004| 0,004 | 0,004 | 0,014 0,014 | 0,014| 0,014

(41) OUT | 0,105 0,105] 0,105] 0,096 | 0,093| 0,093| 0,105| 0,105| 0,106| 0,105| 0,105| 0,093 | 0,093 | 0,093 | 0,094 | 0,105
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4.3.  Capitulo 11 (Artigo cientifico publicado na revista Insects, Fl: 2,220)

ALEVI, K. C. C.; OLIVEIRA, J.; GARCIA, A. C. C,; CRISTAL, D. C.; DELGADO, L. M.
G.; BITTINELLLI, 1. F.; REIS, Y. V.; RAVAZI, A.; OLIVEIRA, A. B. B.; GALVAO, C.;
AZEREDO-OLIVEIRA, M. T. V.; MADEIRA, F. F. Triatoma rosai sp. nov. (Hemiptera,
Triatominae): a new species of Argentinian Chagas disease vector described based on
integrative  taxonomy. Insects, Basel, v. 11, n. 12, p. 830, 2020. DOI:
https://doi.org/10.3390/insects11120830. Disponivel em: https://www.mdpi.com/2075-
4450/11/12/830. Acesso em: 14 set. 2021.

Triatoma rosai sp. nov. (Hemiptera, Triatominae): a new species of Argentinian Chagas

disease vector described based on integrative taxonomy

Simple Summary: Although all triatomines are potential vectors of Chagas' disease, there are
species with greater or lesser vectorial importance. Therefore, the correct identification of
triatomines species is essential for the vector control programs. In general, triatomines are
identified by external morphological characters. However, there are species that are very
similar or even morphologically identical, being important the use of complementary analyses
for the correct identification of species. For this reason, this study focused on the use of
morphological, morphometric, molecular data and experimental crosses to describe Triatoma
rosai sp. nov., a new species of Argentinian Chagas disease vector. Significant morphological
and morphometric differences, associated with phylogenetic support and high mortality rate
of the hybrids made it possible to confirm the specific status of T. rosai sp. nov., emphasizing

the importance of integrative analyses for the taxonomy of triatomines.

Abstract: Chagas disease is the most prevalent neglected tropical disease in the Americas and
makes an important contribution to morbidity and mortality rates in countries where it is
endemic since 30 to 40% of patients develop cardiac diseases, gastrointestinal disorders, or
both. In this paper, a new species of the genus Triatoma is described based on specimens
collected in the Department San Miguel, Province of Corrientes, Argentina. Triatoma rosai
sp. nov. is closely related to T. sordida (Stal, 1859), and was characterized based on
integrative taxonomy using morphological, morphometric, molecular data and experimental
crosses. These analyses, combined with data from the literature (cytogenetics, electrophoresis
pattern, molecular analyses, cuticular hydrocarbons pattern, geometric morphometry, cycle,
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and average time of life as well as geographic distribution) confirm the specific status of T.
rosai sp. nov. Natural Trypanosoma cruzi infection, coupled with its presence mostly in
peridomestic habitats, indicates that this species can be considered as an important Chagas

disease vector from Argentina.

Keywords: triatomines; morphology; morphometry; molecular; experimental crosses; Chagas

disease.

1. Introduction

Chagas disease is the most prevalent neglected tropical disease in the Americas [1]
and makes an important contribution to morbidity and mortality rates in countries where it is
endemic [2,3] since 30 to 40% of patients develop cardiac diseases, gastrointestinal disorders,
or both [2]. It is estimated that 8 million people worldwide are infected by Trypanosoma cruzi
(Chagas, 1909) (Kinetoplastida, Trypanosomatidae) (etiologic agent of Chagas disease) [3]
and about 70 million people are living in areas with contamination risk [4], causing incapacity
in infected individuals and more than 10 000 deaths per year [3,4].

Although there are several forms of contamination — organ transplantation of an
infected donor, laboratory accidents, ingestion of contaminated food or liquids (sugarcane,
acai and raw meat), congenital (vertically between mother and child) or can happen through
blood transfusion [5] — vectorial transmission by triatomines (Hemiptera, Triatominae) is the
most important from the epidemiological point of view [3]. Thus, vector control remains the
most useful method to prevent the infection [3].

Currently, there are 154 species of triatomines described, grouped into 18 genera and
five tribes [6]. Although there are species with a greater or lesser degree of importance in the
transmission of Chagas disease, all triatomines, of both sexes and at any stage of development
after hatching, are considered as potential vectors of this disease described more than 110
years ago [7,8].

Triatoma sordida (Stal, 1859) (Hemiptera, Triatominae) is an endemic species in
South America, distributed in Brazil, Argentina, Bolivia, Paraguay and Uruguay, in the
Atlantic Forest, Caatinga, Cerrado, Chaco, and Pantanal biomes [9-11]. The taxonomic
history of this species has been discussed since the 1960s when Abalos and Wygodzinsky
[12] observed morphological variation among T. sordida populations from Santiago del

Estero (northeastern Argentina). Subsequently, Actis et al. [13] evaluated the electrophoretic
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profiles of hemolymph proteins among Argentinean sylvatic samples with domestic
specimens from Brazil and significant differences were observed. However, these wild
populations of T. sordida from Argentina were described as T. garciabesi Carcavallo et al.,
1967 [14]. After 12 years, this species was synonymized with T. sordida [8] and based on
differences in their morphology, isoenzymes and chromosomal characteristics, was once
again validated as T. garciabesi [15]. Noireau et al. [16] also observed a high genetic distance
between T. sordida from Bolivia and considered the occurrence of the phenomenon of cryptic
speciation for the first time. However, Panzera et al. [17] showed that one of the populations
used by Noireau et al. [16] was T. garciabesi and not T. sordida.

Although these cases of “intraspecific variation” (which were interspecific [17]) have
been performed incorrectly, intraspecific polymorphisms have been reported among
populations of T. sordida from Brazil, Argentina and Bolivia: Panzera et al. [17,18] based on
chromosomal (constitutive heterochromatin pattern and FISH with a 45S rDNA probe) and
molecular data (mitochondrial gene COIl) observed differences between these populations and
suggested the existence of at least two possible different species associated with T. sordida (T
sordida sensu stricto), namely T. sordida Argentina and T. sordida La Paz (differences
confirmed by the cuticular hydrocarbons pattern [19]). Also, morphometric analyses also
differentiated T. sordida from Argentina of the specimens from Brazil and Bolivia and
emphasized the importance of additional studies to confirm the specific validity of the new
taxon(s) [20].

Thus, based on several analyses based on integrative taxonomy (morphological,
morphometric, molecular data and experimental crosses), as well as information from the
literature (cytogenetics, electrophoresis pattern, molecular analyses, cuticular hydrocarbons
pattern, geometric morphometry, cycle and average time of life as well as geographic
distribution) that support the specific status of T. sordida from Argentina as a new taxon, we

describe Triatoma rosai sp. nov.

2. Materials and Methods
2.1. Sampling

We examined specimens from Department San Miguel, Province of Corrientes,
Argentina, characterized initially as T. sordida using the taxonomic key for the genus
Triatoma Laporte, 1832 published by Lent and Wygodzinsky [8]. All studied species were
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kept alive at the Triatominae Insectarium of the Sdo Paulo State University “Julio de

Mesquita Filho”, School of Pharmaceutical Sciences, Araraquara, Sdo Paulo, Brazil.

2.2. Morphological identification and description

The description of T. rosai sp. nov. included 7 males and 7 females previously
characterized as T. sordida (based on the dichotomous key by Lent and Wygodzinsky [8]).
Triatoma rosai sp. nov. was compared with 9 males and 9 females specimens of T. sordida
from Riacho dos Machados, Minas Gerais, Brazil (MG/Brazil) deposited in the Dr. Jose
Maria Soares Barata Triatominae Collection (CTIMSB) of the S&do Paulo State University
“Julio de Mesquita Filho”, School of Pharmaceutical Sciences, Araraquara, Sao Paulo, Brazil.

2.3. Morphological studies in Scanning Electron Microscopy

For the comparative morphological study, 2 males and 2 females of T. rosai sp. nov.
and 2 males and 2 females of T. sordida (MG/Brazil) from Araraquara Triatominae Colony
(CTA) were used. For morphological characterization of the triatomines in Scanning Electron
Microscope (SEM) (according to Rosa et al. [21]), four individuals of each locality were used,
emphasizing the study of the pronotum, scutellum, as well as female external genitalia. For
this study, the insects were cleaned in ultrasonic devices, dehydrated in graded series of
alcohol, oven dried at 45° for 20 minutes, and then fixed in small aluminum cylinders with
colorless enamel. Afterward, they were metalized by sputtering for two minutes with 10mA of
power. After the metallization process, the samples were analysed and photographed on the
Topcon SM-300 SEM (Digital, Hasunuma-cho, Tokyo, Japan).

2.4. Morphological studies in Optical Microscopy

For the comparative morphological study of T. rosai sp. nov. and T. sordida we used
images of the male's head, pronotum, and genitalia. For optical microscopy (OM), adult
specimens of T. rosai sp. nov. (3 males and 3 females) and of T. sordida (MG/Brazil) (3
males and 3 females) were used. The analyses were performed using the Leica MZ APO
Stereoscope Microscope (Digital, Wetzlar, Germany) with the Motic Images Advanced 3.2

plus image analysis system coupled.

2.5. Morphometric studies

For measurement analyses, adult specimens of T. rosai sp. nov. (7 males and 7

females), and T. sordida (MG/Brazil) (9 males and 9 females) were used. The measurements
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of the head, thorax, abdomen, pronotum, and scutellum were performed using the Leica MZ
APO Stereoscope Microscope with the Motic Images Advanced 3.2 plus image analysis
system coupled. The data obtained were organized in the Excel 2007® spreadsheet software
and presented as a table. The measurements of the thorax and abdomen parameters were
statistically analysed in the GraphPad Prism program version 7 for Windows, using the
Welch’s t-test.

2.6. Molecular phylogeny and genetic distance

Five specimens of T. sordida (T. sordida sensu stricto) (Brazil: Posse/Goias and
Seabra/Bahia), T. sordida La Paz (Bolivia: La Paz), and T. rosai sp. nov., were used for
molecular analyses. For DNA extraction, using the DNeasy Blood and Tissue kit (QIAGEN®,
Hilden, Germany), one or two legs were placed in a 1.5 mL microtube, dipped into liquid
nitrogen, and ground to powder. A 561-bp fragment of the mitochondrial (mt) cytochrome b
gene (cyt b) and a 798-pb fragment of the nuclear Internal Transcribed Spacer-1 gene (ITS-1)
were polymerase chain reaction (PCR) amplified as described in Monteiro et al. [22] and
Tartarotti and Ceron [23], respectively. Amplicons were purified using a GFX PCR DNA &
Gel Band kit (GE Healthcare and Life Technology®, Chicago, IL, USA) and both strands
were subjected to Sanger sequencing reactions (ABI Prism® BigDye® Terminator v.3.1 Cycle
Sequencing Kit, Applied Biosystems, Foster City, CA, USA) and run on an ABI 3730
sequencer. The sequences of all individuals were analyzed by using BioEdit Alignment Editor
7.0.5.3 [24] and a consensus sequence was obtained for each DNA segment. Sequences from
other Brazilian localities (MG and MS), T. garciabesi, T. guasayana Wygodzinsky and
Abalos, 1949 and Panstrongylus megistus (Burmeister, 1835) available on GenBank were
also added to the alignment (Table 1). The sequences were aligned using the ClustalW
Multiple Alignment tool [25]. Using the MEGA software (Molecular Evolutionary Genetics
Analysis) v.6 [26] we constructed a genetic distance matrix using the Kimura-2 parameter
distance model for estimation of evolutionary divergence between sequences of the cyt b
gene.

For the Bayesian inference, we combined unpublished and GenBank sequences (Table
1). All sequences used were submitted to the MEGA X program [27] and aligned by the
Muscle method [28]. The alignments of each molecular marker (COIl, Cyt b, 28S, 16S, and
ITS-1) were concatenated by name using Seaview 4 software [29], posteriorly being
converted on Mesquite program [30]. The data were partitioned for each marker, with the

best-fit models of nucleotide substitution (lowest Akaike Information Criterion value) for the
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phylogenetic reconstruction determined by jModelTest 2 program [31], for each of them:
HKY + G for 16S, HKY + | + G for Cyt b, HKY for ITS-1, GTR for 28S, and GTR + G for
COI. A Bayesian phylogenetic tree for the complete data set of concatenated sequences was
inferred in MrBayes 3.2 [32]. The trees were sampled every 1,000 generations, for a total of
100 million generations, in two independent runs and with a burn-in of 25%. The reliability of
clustering patterns in trees was assessed by 1,000 bootstrap replicates [33]. Tracer v. 7.0 [34]
was used to verify the stabilization moment (ESS values above 200) of the tree samples. The

generated tree was visualized and edited in FigTree v.1.4.3 program [35].

2.7. Experimental Crosses

Reciprocal experimental crosses were conducted between T. rosai sp. nov. and T.
sordida to evaluate the pre- and/or post-zygotic reproductive isolation barriers [36, 37]. The
experimental crosses were conducted in the Triatominae Insectary of the School of
Pharmaceutical Sciences, according to the experiments of Costa et al. [38] and Mendonca et
al. [39]: the insects were sexed as 5th instar-nymphs, 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, three couples from each set were placed in plastic
jars (diameter 5 cm x height 10 cm) and kept at room temperature. Furthermore, intraspecific
crosses were also performed for group control. The eggs were collected weekly throughout
the female's oviposition periods and the egg fertility rate was calculated. Besides, after the
hybrids hatched, the development of 1st instar-nymphs until adults was also monitored

weekly to assess the mortality rate.

2.8. Distribution map

Based on Lent and Wygodzynsky [8], Panzera et al. [17,18], Dujardin et al. [40];
Galvdo et al. [41], Calderon-Fernandez and Juarez [19], and Nattero et al. [20] we prepared a
distribution map of T. rosai sp. nov. across Argentina provinces. The map was developed in
the QGIS 3.12 program [42], using the layers available at the National Geographic Institute
[43] having the World Geodetic System 1984 (WGS 84) Coordinate Reference System as

base.
3. Results

3.1. Systematics
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Family Reduviidae Latreille, 1807

Subfamily Triatominae Jeannel, 1919

Genus Triatoma Laporte, 1832

Triatoma rosai Alevi, Oliveira, Garcia, Cristal, Delgado, Bittinelli, Reis, Ravazi,
Oliveira, Galvao, Azeredo-Oliveira, Madeira, 2020 sp. nov. (Figures 1A, B; 2A, B; 3A, C;
4A, C, E; 5A, C, E; 6A, B; 7A-C; 8A, B; 9A-C)

3.1.1. Type Material

Holotype: male, ARGENTINA, Department San Miguel, Province of Corrientes,
09.08.1999, collection manual, leg. (CEJMSB).

Paratypes: 9 females and 8 males, ARGENTINA, Department San Miguel, Province
of Corrientes, 09.08.1999, collection manual, leg. (CEJMSB).

Additional paratypes. Collection of Triatomines of the Oswaldo Cruz Institute
(CTIOC/FIOCRUZ), Rio de Janeiro, Brazil (1 male and 1 female), and Entomological
Reference Collection of the Faculty of Public Health (FSP/USP), Sdo Paulo, Brazil (1 male

and 1 female).

3.2. Description

3.2.1. Male

Coloring: general brown color with pale yellowish tones with portions or spots
darkened to brownish or blackish (Figs. 1A, B; 2A, B). Head, including neck, mainly dark
brown with two lateral spots in the catch and darkened or blackened ventrally and laterally
behind the eyes; ocellar tubercle, median portion in the space between the eyes and the apices
of dark anteniferous tubercles; first and second antennal segments brown and third and fourth
brownish; mostly pale lip, with darkened portions (Fig. 3A). Labium with the three visible
light brown segments (Figs. 1B; 2B). Thorax mainly dark brown in general; pronotum brown
(Fig. 3C); anterolateral angles blackened with yellowish ends; longitudinal medial groove in
the anterior lobe, variable in length, darkened, a spot in pairs in the anterior lobe of yellowish
color, posterior lobe of brown coloration; dark brown scutellum on the sides and brownish in
the central portion with yellowish apex. Legs generally light brown to yellowish with the
following portions or markings darkened: coxae completely yellowed; anterior and medium
femurs with an ill-defined complete median or submedian black ring and the apex slightly

darkened; these markings can be variable or absent; posterior femur with a distal submedian
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ring slightly large and incomplete ventrally; tibiae with brownish sub-basal rings, larger in the
posterior tibiae and slightly subapically darkened or with the apical third or darkened apical
quarter; yellowish tarsi (Figs. 1A, B; 2A, B). Hemelytra mostly grayish; with yellowish spots
at the base of the dorsal surface, laterally, and in the lateral portion, basally; two black spots at
the basal angle of the second disk cell of the membrane; sometimes the basal portions of the
veins in that cell are also black. Abdomen, in dorsal view: brownish tergites with some
slightly darkened portions, as an intersegmental bridge between the first and second segments,
except their lateral portions (Figs. 1A, 2A). Connexivum with distal areas having two dark
spots and whitish pale yellowish basal part, each spot occupying approximately 1/4 of the
respective segment; a medium-large oval black spot in the sternite VIII, in ventral view:
sternites mostly yellowish; blackened sternites, except in the lateral portions; a pair of wavy
black spots on the side, which in some specimens is smaller, incomplete, stained with a pale
color in its center, or divided into a pair of sub-median spots, or joined to the side band by the
darkened posterior portion of the segment (Figs. 1B, 2B) The markings on the ventral
connected segments are generally the same as those on the dorsal portions, but more variable,

weakly marked or partially or completely absent in some segments.

Vestiture: when recorded in SEM, it is possible to perceive that the general integument
is covered by short, thin, somewhat curved bristles, for example: Figs. 4A, 5A, C and E.
Besides, the following vestiture characteristics, also evident wunder the optical
stereomicroscope, were registered: head: smooth eyes; sparse short or slightly longer bristles,
clear to yellowish in the distal portion of the clypeus, numerous on the lip; some bristles
scattered in the anterior and lateral portions of the base of the first visible lip segment; second
visible lip segment with some short, erect bristles inserted on the lateral and subapical
surfaces; last lip segment with many upright, long, thin and clear scattered setae.

Clypeus narrow slightly enlarged behind the middle. Genae tapered and slightly
apically pointed, distinctly extending beyond the level of the apex of the clypeus. Jugae,
apically subangular. Eyes in lateral view reaching the lower level, but not reaching the level
of the superior surface of the head. Anteniferous tubercles are inserted behind the middle of
the anteocular region. The first antennal segment below the middle of the clypeus level. The
first rostral segment is very short, not extending exactly to the level of the apex of the yokes,
the second reaching the level of the posterior margin of the eyes (Figs. 1A, B; 2A, B; 3A;
4A).
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Anterior lobe of pronotum with discal and lateral tubercles. Submedian carinae
extending near the posterior border of the pronotum. Humeral angles are slightly curved,
slightly angular. Anterolateral projections of the pronotum small, but detached, narrowly
apically rounded. Scutellum has a well-developed central depression. Large scutellar process,
about three-quarters of the length of the main body of the scutellum, horizontal,
subcylindrical, slightly tapering apically, obliquely truncated distally in the lateral view.
Hemelytra approaching or reaching the apex of the seventh urotergite, in males and females |
reached half of the seventh urotergite (Figs. 1A; 2A; 3C; 4C).

Relatively slender legs, anterior femurs longer than broad. The anterior and middle
femurs with subapically robust pair of denticles. Spongy fossulae in the anterior and middle
tibias of males, absent in females. Venter convex, weakly flattened in some specimens of both
sexes, delicately striated across, sparsely defined. Spiracles variable in position, from adjacent
to the connective internal margin to distant from the internal margin by twice its diameter
(Figs. 1A, B; 2A, B).

Male genitalia: genital capsule rounded, in the ventral view, does not show the
exposure of the pigophore (Fig. 6 A, B) is smooth and shiny integument; in dorsal view (Fig.
6A). Sclerotized, triangular (equilateral) pigophore median process (Fig. 7C), slightly larger
towards the apex; apical margin almost straight, slightly curved (Fig. 7C). Parameters (pa)
slightly not exposed when the genital capsule is in situ (Fig. 6A) or in a ventral view (Fig.
6B); their apexes almost touch each other in a resting position (Fig. 6B). Symmetrical,
elongated, curved approximately in the middle third; slightly larger in the apical quarter;
truncated apex, with short subapical tooth on the lower margin; mainly glabrous, with some
thin bristles scattered and a group of short, thicker bristles mediated to the subapical tooth
(Figs. 7A, B), the basal plate arm with moderately short and not curved basal plate arms
(bpa), connected by a narrow basal plate bridge (Fig. 8A). Endosomal arms formed by a pair
of parallel arms, almost straight in the middle portion, larger in the basal portion, joined at the
base and at the apex, which are continuous with the dorsal fusion of sclerite-sclerite endosome
(Fig. 9A). After inflation, the endosome takes on an irregular shape with rough streaks (Fig.

9B). Endosome wall striated longitudinally in the basal portion in ventral view (Fig. 9B).

3.2.2. Female

Similar to males in general.
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3.3. Female external genitalia

Dorsal view of female external genitalia: lines (1+1) limiting the seventh segment with
the connexivum are regular (Fig 5A). Posterior portions (1 + 1) of the seventh segment at the
limit with the eighth segment and connecting end in rounded ends (Fig. 5A). Connexiva (1+1)
of the seventh segment ends in a pointed tip (Fig. 5A). The eighth segment shows a
trapezoidal shape with rounded edges (Fig. 5A). The ninth segment is wavy and the side
portions (1 + 1) form raised flaps (Fig. 5A). The posterior portions (1 + 1) of the ninth
segment have the shape of rounded tips that take the approximate shape of the letter W (Fig.
5A).

Posterior view of female external genitalia: the central part of the region that divides
the eighth and ninth segments is straight; the junction of the ninth segment IX with the central
portion is convex. Being elevated, the lateral portions (1 + 1) form depressions in the antero
posterior direction (Fig. 5B). The boundaries between the ninth and tenth segments are
opened on the sides and closed in the central area (Fig. 5B). The tenth segment is semicircular
(Fig. 5B). Gonocoxites 8 are penniform, while gonapophyses 8 are almost triangular (Fig.
5B).

Ventral view of female external genitalia: the limit of the seventh segment with
gonocoxites 8 and gonapophyses 8 is concave on the sides (1 + 1) and convex in the central
portion (Fig. 5C). Posterior portions of the seventh segment connective end in rounded ends
(Fig. 5C). From this point of view, gonocoxites 8 and gonapophyses 8 (1 + 1) are triangular
(Fig. 5C).

3.4. Measurement data

The measurement data of the studied characters were made available in a table, the
characters were: total body length, head length, internal distance between the eyes, post-

ocular head width, pronotum, and abdomen (Table 2).

3.5. Distribution

Based on the article by Panzera et al. [17] which indicates that T. sordida sensu stricto
and T. sordida La Paz were not notified in Argentina, a distribution map was developed from
the notifications of T. rosai sp. nov. (pointed out in the articles as T. sordida from Argentina
or T. sordida Argentina [8,17-20,40,41]) in 12 Argentina provinces: Misiones, Corrientes,
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Santa Fe, Formosa, Chaco, Buenos Aires, Cordoba, Jujuy, Salta, Santiago del Estero,

Tucumén and La Rioja (Figure 10).

3.6. Observation

The possible existence of this new species was first noted by Panzera et al. [18] and
later mentioned by Dujardin et al. [40], Calderdn-Fernandez and Juérez [19], Panzera et al.
[17] and Nattero et al. [20].

3.7. Etymology

This species is dedicated to Prof. Dr. Jodo Aristeu da Rosa [Full professor of the
School of Pharmaceutical Sciences of Sdo Paulo State University (FCFAR/UNESP),
Araraquara, Sao Paulo, Brazil], one of the world’s top authority on triatomine morphology,
who has contributed for more than 30 years with taxonomic and systematic studies of these

vectors.

3.8. Phylogenetic reconstruction and genetic distances

Phylogenetic analyses recovered T. rosai sp. nov. as an independent lineage of T.
sordida sensu stricto and T. sordida La Paz, as well as T. garciabesi and T. guasayana, and
related it as a sister taxon to T. sordida (Figure 11). Pairwise Kimura 2-parameter genetic
distances for cyt b gene revealed that T. rosai sp. nov. diverges at least 8.5% from the
lineages of T. sordida sensu stricto (Table 3).

3.9. Experimental crosses

The crosses between T. rosai sp. nov. and T. sordida sensu stricto resulted in hybrids
(absence of pre-zygotic barrier) (Table 4). However, hybrids showed a high mortality rate

when compared to parental crosses (post-zygotic barrier by hybrid inviability) (Table 4).

3.10. Taxonomic notes

Triatoma sordida (Stal, 1859) (Figures 1C, D; 2C, D; 3B, D; 4B, D, F; 5B, D, F; 6C,
D; 7D-F; 8C, D; 9D-F; 12 A, B).

Conorhinus sordidus Stal, 1859,

Triatoma sordida Chagas, 1912
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Eutriatoma sordida Pinto, 1931
Triatoma sordida Lent and Wygodzinsky 1979

3.10.1. List of synonymous: Conorhinus sordidus Stal, 1859 and Eutriatoma sordida Pinto,
1931 [11].

3.10.2. Distribution: Brazil: Acre, Bahia, Goiads, Maranhdo, Mato Grosso, Mato Grosso do
Sul, Minas Gerais, Parana, Pernambuco, Piaui, Rio Grande do Sul, Santa Catarina, Sdo Paulo

and Tocantins. Distribution outside Brazil: Bolivia, Paraguay and Uruguay [11,44].

3.10.3. Type material: deposited at the Zoologisches Museum, Berlin, Germany [45] (Figure
12).

3.10.4. Comments: all aspects used in this description of T. rosai sp. nov. were compared

with the type specimen and with a population from the same state.

3.11. Literature data
3.11.1. Genetics differences
Cytogenetics differences

The cytogenetic characterization of T. rosai sp. nov. was carried out by Panzera et al.
[17,18] and Bardella et al. [46] (termed as T. sordida Argentina) and demonstrated great
differences when compared to T. sordida sensu stricto: T. rosai sp. nov. [absence of
heterochromatin and CMA3/DAPI bands in autosomes, chromocenter formed only by sex
chromosomes, Y sex chromosome is DAPI+ with CMA3+ dots, and 45S rDNA clusters were
observed in both sex chromosomes (X and Y)] and T. sordida sensu stricto [presence of
heterochromatic blocks on a chromosomal end (8 to 10 autosomes), all bivalents showed
CMA+/DAPI+ regions co-localized, chromocenter formed by sex chromosomes and
autosomes, Y sex chromosome DAPI+ and negative for CMAS3, and 45S rDNA clusters were

observed in X sex chromosome].

Electrophoresis pattern
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The electrophoretic profile of T. rosai sp. nov. (termed as T. sordida Argentina) was
characterized by Panzera et al. [18]. The authors noted that of the 14 enzyme systems studied,
three diagnostic loci evaluated among T. rosai sp. nov. and T. sordida sensu stricto showed
no common alleles [GPI (11), PEP-1 (11), PEP-2 (11), and GPI (33), PEP-1 (22), PEP-2 (22),

respectively].

Molecular analyses

Garcia et al. [47], using mtDNA fragments of 12S and 16S ribosomal RNA genes
observed, for the first time, phylogenetic divergences between T. sordida from Brazil and T.
rosai sp. nov. (termed as T. sordida from Argentina) since the specimens from Argentina
were closer to T. matogrossensis Leite and Barbosa, 1953 than to T. sordida from Brazil.
Posteriorly, the phylogenetic analyses performed by Panzera et al. [17] with the mitochondrial
gene COI demonstrated that T. rosai sp. nov. (termed as T. sordida Argentina) constituted a
monophyletic clade with 88% bootstrap. The authors also observed a genetic distance
between T. rosai sp. nov. and T. sordida sensu stricto of 5.3%. Belintani et al. [48] performed
a phylogenetic study combining COI, cyt b, 16S, 18S and 28S genes and observed that T.
sordida populations were separated into two well-defined strains: T. sordida (Bolivia and
Brazil) and T. rosai sp. nov. (termed as T. sordida Argentina). This division is corroborated
by phylogenetic reconstruction, species delimitations based on Poisson Tree Process (PTP),
and values of genetic distances. Finally, Madeira et al. [49], through phylogenetic analyzes
with cyt b and ND1 genes, clearly demonstrated the difference between T. rosai sp. nov.
(termed as T. sordida from Argentina) and T. sordida sensu stricto from different locations in
Brazil (Bahia: Gentio de Ouro, Macalbas, Seabra, and Tanhacgu; Goias: Posse; Minas Gerais:
Brasilia de Minas, Catuti, Monte Azul, Porteirinha, and Riacho dos Machados; Mato Grosso

do Sul: Corumbé and Pantanal).

3.11.2. Morphological differences
Cuticular hydrocarbons pattern

The cuticular hydrocarbons analyses of T. rosai sp. nov. (termed as T. sordida of
Argentina) and T. sordida sensu stricto performed by Calderdn-Fernandez and Juarez [19]

comprised that both species showed significantly different hydrocarbon profiles.

Geometric morphometry
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Morphometric analyses of the head, wings, and thorax performed in T. rosai sp. nov.
(termed as T. sordida Argentina) and T. sordida sensu stricto by Nattero et al. [20]
demonstrated divergences between all measured characters. Neighbor-joining trees derived
from Mahalanobis distances from head and wing measurements clearly differentiated T. rosai

sp. nov. and T. sordida sensu stricto [20].

3.11.3 Life cycle and average time of development

According to Oscherov et al. [50], T. rosai sp. nov. (termed as T. sordida from
Argentina) has an average development time of all nymph stages of approximately 303 days,
while T. sordida sensu stricto has an average time of nymph development of approximately
170 days [51]. Oscherov et al. [50] also reported that the life cycle of T. rosai sp. nov. is
completed in about 10 months, unlike T. sordida sensu stricto that completes its cycle in just
five months [52].

Geographic distribution

According to Panzera et al. [17], T. rosai sp. nov. (termed as T. sordida Argentina) is
present in Argentina, Bolivia and Paraguay, and T. sordida sensu stricto is present in Brazil,
Bolivia and Paraguay. Although species may overlap in Bolivia and Paraguay, there are no
reports of T. rosai sp. nov. in Brazil, as well as T. sordida sensu stricto in Argentina (the
papers already published with T. sordida coming from Argentina were performed with T.
rosai sp. nov. [9,17-20,40,41,46-49,50,53-75])

4. Discussion

Triatoma rosai sp. nov., in conjunction with T garciabesi, T. jurbergi Carcavallo,
Galvédo, and Lent, 1998, T. matogrossensis, T. sordida, and T. vandae Carcavallo, Jurberg,
Rocha, Galvéo, Noireau, and Lent, 2002 constitute the monophyletic T. sordida subcomplex
[48,76]. Several authors, based mainly on morphological data and geographic distribution,
considered T. sordida subcomplex as a group formed by four species (T. garciabesi, T.
guasayana; T. patagonica Del Ponte, 1929, and T. sordida) [40,77,78]. Genetic studies
(cytogenetics and phylogenetics) have shown that, in fact, T. guasayana and T. patagonica

have an evolutionary relationship with the T. rubrovaria subcomplex [48,76].
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In addition to T. rosai sp. nov., there are 16 species reported in Argentina: P. coreodes
Bergroth, 1911, P. geniculatus (Latreille, 1811), P. guentheri Berg, 1879, P. megistus, P.
rufotuberculatus (Champion, 1899), T. breyeri Del Ponte, 1929, T. delpontei Romafia and
Abalos, 1947, T. eratyrusiformis Del Ponte, 1929, T. garciabesi, T. guasayana, T. infestans
(Klug, 1834), T. limai Del Ponte, 1929, T. patagonica, T. platensis Neiva, 1913, T.
rubrofasciata (De Geer, 1773) and T. rubrovaria (Blanchard, 1843) [41]. Taking into account
that T. garciabesi shows great morphological similarity with T. sordida (which even led to a
synonymization event) [8,9,17], the difficulty of morphological differentiation of T.
guasayana and T. sordida (especially in the nymphal stages) and the fact that the geographic
distribution of both species overlaps in northern Argentina [17], we included these taxa in our
phylogenetic studies and confirmed that T. rosai sp. nov. is a distinct species.

Several phylogenetic studies showed that T. rosai sp. nov. (termed as T. sordida
Argentina) differs from T. sordida (T. sordida sensu stricto and T. sordida La Paz) [17,47-
49]. Our results based on integrative taxonomy confirmed that the initial divergences reported
as “intraspecific variation” [17-20] actually represent interspecific differences, being T. rosai
sp. nov. an independent strain of T. sordida. The last two species of Triatoma described (T.
mopan Dorn et al., 2018 and T. huehuetenanguensis Lima-Cordén et al., 2019) were also
based on integrative taxonomy, which provides greater reliability of the specific status of this
new taxa [79,80].

Among the different tools that can support the integrative taxonomy, the performance
of experimental crossings and the analyses of pre- and post-zygotic interspecific reproductive
barriers are of great importance to assess the specific status of taxa (based on the biological
concept of species) [36, 37]. The characterization of pre-zygotic barriers that prevent the
formation of hybrids is important from a taxonomic point of view since they demonstrate that
the species are genetically isolated (with no interspecific gene flow) [36]. However, the high
mortality rate observed among hybrids resulting from crosses between T. rosai sp. nov. and T.
sordida sensu stricto demonstrates in turn that, in addition to the physical barriers that
possibly prevent the meeting of these insects in nature (because they live in different countries
in South America [17]), there are evolutionary events that lead to a low adaptive value of
hybrids. There are several examples of triatomine species that do not have pre-zygotic
reproductive barriers, but that had the specific status supported by the post-zygotic barriers
(inviability, sterility, or hybrid breakdown) that make hybrids unfeasible [39,81-88].

Triatoma rosai sp. nov. (referred in the article as T. sordida Argentina) is a wild

species, k strategist, present between dry and fallen trunks, tree holes, bromeliads, palm trees,
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in opossum (Didelphis spp.) houses and in dry cacti, which was found naturally infected with
T. cruzi and is considered responsible for the parasite's wild cycle (mainly associated with
bird nests). This species has also been reported in rural peridomestic (such as goat corrals), as
well as in domiciliary areas (houses, in general, which were 300 to 2700 meters away from
pigeon nests) [54,57,59,63,64,67,69,70].

A survey carried out on palm trees in the province of Corrientes, Argentina showed
that T. rosai sp. nov. (termed as T. sordida Argentina) has a high rate of infection with T.
cruzi, since 38.5% of the specimens analyzed were infected — it is believed that prawns and
rodents are the reservoirs of the parasite in palm trees [59]. Maffey et al. [72] also suggest that
T. rosai sp. nov. probably is the vector of T. cruzi genotype | (Tcl) among opossums and can
act as a secondary vector of the TcVI and TcV genotypes in domestic and peridomestic
cycles. These data are of great epidemiological importance since the infection rate of T. rosai
sp. nov. is extremely high when compared to T. sordida sensu stricto (rates ranging from
0.5% to 16.2% [89-92]) and highlights the importance of epidemiological surveillance of this
species in Argentina, where has about two to three million people infected (of which
approximately 800,000 are chronic heart patients), being 20 million inhabitants living at risk
and, above all, nine out of ten new Chagas' disease cases occurring in children in the country
[93].

5. Conclusions

Based on the above, we describe T. rosai sp. nov., highlight the importance of
integrative taxonomy for the description of new species of triatomines and, above all,
demonstrate the need for the attention of vector control programs in Argentina for this new

species of Chagas disease vector.
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Table 1. Species, geographic distribution and molecular markers used in the phylogenetic

studies.
Marker

Species Geographic distribuition col Cyth 28S 16S ITS-1
T. sordida Seabra, Bahia, Brazil MH029692 MHO054940 MG417085 - *
T. sordida Posses, Goiés, Brazil MH029695 * MH059640 - -
T. sordida Monte Azul, Minas Gerais, Brazil MHO029693 MHO054941 MG417086 - -
T. sordida Pantanal, Mato Grosso do Sul, Brazil MH029694  KC249292  KC249210  KC249075 -
T. sordida Apolo, La Paz, Bolivia MH029696 MH054942 MH059641 - *
T. rosai sp. nov.  San Miguel, Corrientes, Argentina MH029697 * MG417088 - *
T. rosai sp. nov.  San Miguel, Corrientes, Argentina KC249387 KC249295 KC249213  KC249078 -
T. garciabesi Rivadavia, Salta, Argentina MH029698 MH054943 MG417089 - -
T. garciabesi Rivadavia, Salta, Argentina KC249338  KC249249  KC249158  KC249006 -
T. guasayana Santa Cruz, Bolivia KC249343  KC249252  KC249162  KC249011 -
P. megistus Nova Prata, Rio Grande do Sul, Brazil ~ KC249308  KC249228 KC249136 KC248970  AM949580

*Sequences obtained in this study.

Table 2. Measurement averages and significance of T. sordida sensu stricto and T. rosai sp.

nov. In bold we present statistically significant measurements.

Sex Species Structures
HL IE PHW PRO SCU THO ABD TL
Male T.rosaisp.nov. 5174 0,951 1,490 4,717 3,077 6,704 15117 26,98
T. sordida 4857 0966 1,381 4,107 2,816 6,093 14,084 2502
T.rosaisp.nov. 5055 1,003 1486 4,429 3,215 6,531 16,418 27,99
Female 1 gordida 5208 1,066 1,510 4221 3214 6459 16,167 27,81

HL: head length; IE: inner distance between eyes; PHW: postocular head width; PRO: pronotum;

SCU: scutellum; THO: thorax; ABD: abdomen, TL.: total body length.
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Table 3. Genetic distance based on cyt b mitochondrial gene. In bold we present the Genetic

distance between T. rosai sp. nov. and T. sordida sensu stricto.

o @ ©) (4) (%) (6) () ®
(1) Posse GO*
(2) Seabra BA* 0,007
(3) Monte Azul MG* 0,007 0,000
(4) Pantanal MS* 0,007 0,000 0,000
(5) T. rosai sp.nov. 0,085 0,087 0,087 0,087
(6) T. garciabesi 0,082 0,074 0,074 0,074 0,099
(7) T. garciabesi 0,082 0,074 0,074 0,074 0,097 0,000
(8) T. guasayana 0,078 0,074 0,074 0,074 0,069 0,067 0,067
(9) P. megistus 0,245 0,234 0,234 0,234 0,259 0,240 0,241 0,244

* T. sordida sensu stricto.

Table 4. Experimental crosses performed between T. sordida sensu stricto and T. rosai sp.

nov.
Number Hatching Number Mortality
Experimental crosses of eggs rate of rate
nymphs
Interspecific
Q T. sordida sensu stricto x T. rosai sp. nov. & 241 77% 186 80%
Q T. rosai sp. nov. x T. sordida sensu stricto & 237 59% 139 73%
Intraspecific
Q T. sordida sensu stricto x T. sordida sensu stricto & 590 73% 429 20%
Q T. rosai sp. nov. X T. rosai sp. nov. & 208 61% 125 17%
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2mm

2mm

Figure 1. Triatoma rosai sp. nov. male (A) dorsal view, (B) ventral view, T. sordida male (C)

dorsal view, (D) ventral view.
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2mm

Figure 2. Triatoma rosai sp. nov. female (A) dorsal view, (B) ventral view, T. sordida female
(C) dorsal view, (D) ventral view.
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Figure 3. Detail of Head: (A) T. rosai sp. nov. dorsal view, (B) T. sordida dorsal view; Detail
of Pronotum: (C) T. rosai sp. nov. dorsal view (D) T. sordida dorsal view.
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Figure 4. Detail of Head by SEM: (A) T. rosai sp. nov. by dorsal view, (B) T. sordida by
dorsal view; Detail of Pronotum by SEM: (C) T. rosai sp. nov. dorsal view (D) T. sordida
dorsal view; Detail of scutellum by SEM: (E) T. rosai sp. nov. dorsal view (F) T. sordida
dorsal view. ac: anteclypeus; ge: gena; ju: jugum; oc: ocellus; aa: anterolateral angle; co:

collar; hu: humeral angles.
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Figure 5. Female external genitalia by SEM: T. rosai sp. nov. (A) dorsal view, (C) posterior
view, (E) ventral view, T. sordida: (B) dorsal view, (D) posterior view, (F) ventral view. Gc
8: gonocoxite; Gc 9: gonapophyse; Gp 8: gonapophyse, VII, VIII, IX: tergites; X: segment.
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Figure 6. Detail of genital capsule T. rosai sp. nov.: (A) dorsal view, (B) ventral view, T.

sordida: (C) dorsal view, (D) ventral view. cg: genital capsule, pa: paramere.

Figure 7. Paramere of T. rosai sp. nov.: (A) dorsal view, (B) ventral view; (C) Median
process of the pygophore; Paramere of T. sordida: (D) dorsal view, (E) ventral view; (F)
Median process of the pygophore.



Capitulo I1] 142

Figure 8. Phallus of T. rosai sp. nov.: (A) dorsal view, (B) ventral view, T. sordida: (C)
dorsal view, (D) ventral view. bpa: basal plate arm, aa: articulatory apparatus, es: endosomal

struts.

0.5 mm 0,5 mm _05mm

Figure 9. Phallus of T. rosai sp. nov.: (A) dorsal view, (B) lateral view, (C) ventral view; T.
sordida: (D) dorsal view, (E) Lateral view, (F) ventral view. en: endosoma, dps: dorsal

phallothecal sclerite, es: endosoma struts.
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3 Argentina country

Il Provinces with the presence of T. rosai sp. n.

Figure 10. Occurrence of T. rosai sp. nov. in Argentina provinces. Made with QGIS.

0.99
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0.86
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T. garciabesi

T. guasayana

T. rosai

T. sordida La Paz

T. sordida sensu stricto

Panstrongylus megistus

(Outgroup)

Figure 11. Tree obtained by Bayesian Inference for the concatenated genes COl, cyt b, 28S,

16S and ITS-1. The numbers in the nodes represent the bootstrap values.
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Figure 12. Holotype of T. sordida described by Stal in 1859 (as Conorhinus sordidus) and
deposited in the Zoologisches Museum, Berlim, Alemanha, A — Dorsal view; B — Lateral

view.
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4.4. Capitulo IV (Artigo cientifico aceito para publicacdo na revista Parasites &
Vectors; Fl: 2,824)
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Paz, Bolivia (Hemiptera, Triatominae): an incipient species or an intraspecific chromosomal
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Triatoma sordida (Stal, 1859) from La Paz, Bolivia (Hemiptera, Triatominae): an

incipient species or an intraspecific chromosomal polymorphism?

ABSTRACT

Background: Triatoma sordida is one of the main Chagas disease vectors in Brazil. In
addition to Brazil, this species has already been reported in Bolivia, Argentina, Paraguay, and
Uruguay. There is a hypothesis that the insects currently identified as T. sordida are a species
subcomplex formed by three cytotypes (T. sordida sensu stricto, T. sordida La Paz and T.
sordida Argentina). With the recent description of T. rosai from the Argentinean specimens, it
became necessary to assess the taxonomic status of T. sordida from La Paz, Bolivia, since
was suggested that it may represents a new species, which has taxonomic, evolutionary and
epidemiological implications. Based on the above, we carried out molecular and experimental
crossover studies to assess the specific status of T. sordida La Paz. Methods: To evaluate the
pre and post-zygotic barriers between T. sordida La Paz and T. sordida sensu stricto,
experimental crosses and intercrosses between F1 hybrids and between F2 hybrids were
conducted. In addition, cytogenetic analyses of the F1 and F2 hybrids were applied with an
emphasis on the degree of pairing between the homeologous chromosomes, and
morphological analyses of the male gonads were performed to evaluate the presence of
gonadal dysgenesis. Lastly, the genetic distance between T. sordida La Paz and T. sordida
sensu stricto was calculated for the Cyt B, ND1, and ITS-1 genes. Results: Regardless of the
gene used, T. sordida La Paz showed low genetic distances compared to T. sordida sensu
stricto (below 2%). Experimental crosses resulted in offspring for both directions,

demonstrating that there are no prezygotic barriers installed between these allopatric



Capitulo IV 147

populations. Furthermore, post-zygotic barriers were not observed either (since the F1 x F1
and F2 x F2 intercrosses resulted in viable offspring). Morphological and cytogenetic analyses
of the male gonads of the F1 and F2 offspring demonstrated that the testes were not atrophied
and did not show chromosome pairing errors. Conclusion: Based on the low genetic distance
(which configures intraspecific variation), associated with the absence of prezygotic and
postzygotic reproductive barriers, we confirm that T. sordida La Paz represents only a

chromosomal polymorphism of T. sordida sensu stricto.

Keywords: Chagas disease vector, triatomines, experimental crosses, genetic distance

Background

Triatomines are hematophagous insects of great importance to public health, since
they are considered as the main form of transmission of the protozoan Trypanosoma cruzi
(Chagas, 1909) (Kinetoplastida, Trypanosomatidae), the etiological agent of Chagas disease
[1]. This disease (also known as American trypanosomiasis) is a neglected disease that affects
about eight million people worldwide and results in 10,000 deaths per year [1]. These insects
have the behavior of defecating or urinating during or after hematophagy and, once infected
by T. cruzi, release the infective form of the parasite in feces/urine [1], which may lead to
contamination of the host.

The subfamily Triatominae (Hemiptera, Reduviidae) is composed of 156 species,
grouped into 18 genera and five tribes [2-4]. All species are considered potential vectors of
Chagas disease, although the genera Triatoma Laporte, 1832, Rhodnius Stal, 1859 and
Panstrongylus Berg, 1879 are considered the most important from the epidemiological point
of view [5,6].

Triatoma sordida (Stal, 1859) is one of the main Chagas disease vectors in Brazil,
being the most captured species in peridomestic environments of Brazil [5,7] where it has
already been reported naturally infected by T. cruzi [8]. In addition to Brazil, this species has
already been reported in Bolivia, Argentina, Paraguay, and Uruguay, in the Atlantic forest,
Caatinga, Cerrado, Chaco, and Pantanal biomes [3,5,9]. There is a hypothesis that the insects
currently identified as T. sordida could be actually a species subcomplex formed by three
cytotypes (cytotype 1 determined as T. sordida sensu stricto, cytotype 2 determined as T.
sordida La Paz and cytotype 3 determined as T. sordida Argentina) [9], which resulted in the
recent description of T. rosai Alevi et al., 2020 from the Argentinean specimens (excluding
Argentina of the geographic distribution of T. sordida) [3].
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For a long time, it was believed that the diversification events of the different T.
sordida cytotypes were based on cryptic speciation [9]. However, comparative morphological
and morphometric studies between T. rosai and T. sordida (Brazil, Bolivia, and Paraguay), as
well as between T. sordida from different countries, found phenotypic differences,
demonstrating that it is not cryptic speciation [10]. With the recent description of T. rosai
(from T. sordida cytotypes from Argentina), it became necessary to assess the taxonomic
status of T. sordida from La Paz, Bolivia (referred to as T. sordida La Paz), since Panzera et
al. [9] suggested that this cytotype composed of domestic populations from La Paz, Bolivia
may represent a new species, which has taxonomic, evolutionary and, above all,
epidemiological implications.

According Panzera et al. [9] T. sordida La Paz represents a "chromosomal taxon" but
these authors does not rule out the hypothesis that T. sordida La Paz and T. sordida sensu
stricto may be conspecific populations with different ribosomal gene locations.
Morphological, morphometric [11] and phylogenetic [12] studies have pointed to this
hypothesis as the most viable. Assessing the specific status of T. sordida La Paz also has
epidemiological implications, since different species may have different vectorial capacity
and vector competences, such as T. sordida sensu stricto and T. rosai, which have different
infection rates [3,13-17]. Entomoepidemiological studies indicate different infection rates
between T. sordida from Brazil (0.5% to 41.9%) and Bolivia (16.2%) [14-18]. Thus, based on
the above, we carried out molecular and experimental crossover studies to assess the specific

status of T. sordida La Paz.

Methods
Experimental crosses

Experimental reciprocal crosses were conducted between T. sordida La Paz (Apolo,
La Paz, Bolivia, collected in peridomiciliary ecotopes) and T. sordida sensu stricto (Corumba,
Mato Grosso do Sul, Brazil, collected in peridomiciliary ecotopes). The insects used in the
experiments came from colonies kept in the Triatominae insectary of the School of
Pharmaceutical Sciences, S&do Paulo State University (UNESP), Araraquara, S&o Paulo,
Brazil. The experimental crosses were conducted in the Triatominae insectary, according to
the experiments of Correia et al. [19] and Mendonca et al. [20]: the insects were sexed as 5th
instar nymphs [21], 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
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crosses, three couples from each set were placed in plastic jars (diameter 5 cm x height 10
cm) and kept at room temperature (average of 24°C [22]) and relative humidity average of
63% [22]). Weekly, the eggs were collected, counted, and separated in new jars to assess the
hatch rate. Upon reaching the fifth instar (N5), again three pairs of first-generation nymphs
(F1) resulting from each interspecific cross were separated to perform intercrosses (F1 x F1)
(Table 1), being the same parameters described above reviewed again. Finally, the eggs of
these crosses were again counted and separated, and from the second-generation nymphs (F2),
new backcrosses (F2 x F2) (Table 1) were performed to assess the hatching rate of third-

generation (F3).

Molecular analysis

For molecular analysis, the genomic DNA of five parental insects used in crosses (T.
sordida Apolo, La Paz, Bolivia and T. sordida Corumba, Mato Grosso do Sul, Brazil, both
collected in peridomiciliary ecotopes) was extracted from gonads using the DNeasy Blood
and Tissue kit (QIAGEN®). Amplification of the fragments was performed by polymerase
chain reaction (PCR), using primers targeting the Cyt B [23], ND1 [24], and ITS-1 genes [25]
described in the literature. The amplified PCR products were visualized by electrophoresis in
1% agarose gel and later purified using the GFX PCR DNA & Gel Band Kit (GE Healthcare
and Life Technology®) according to the manufacturer's instructions. Subsequently, this
material was submitted for direct sequencing on an ABI 3730 DNA Analyzer (Life
Technologies) sequencer, from the Research Center on the Human Genome and Stem Cells,
University of Sdo Paulo (USP), Brazil. The obtained sequences were manually edited using
BioEdit Alignment Editor v.7.0.5.3 and aligned using the ClustalW Multiple Alignment tool.
The genetic sequences are available on GenBank [access data: T. sordida sensu stricto Cyt B
(MZ700100), ND1 (MZ700102) and ITS-1 genes (MZ648337); T. sordida La Paz Cyt B
(MZ700101), ND1 (MZ700103) and ITS-1 genes (MZzZ648333)]. The genetic distance
matrices between T. sordida sensu stricto and T. sordida La Paz for all genes were obtained
by the MEGA 7.0 software, using the Kimura-2-parameters distance model (K2P). Sequences
available on the GenBank of T. brasiliensis Neiva, 1911 for the Cyt B (KC249239), ND1
(AM980619) and ITS-1 genes (KJ125138) were used as outgroups.

Morphology of the gonads and Cytogenetic analysis
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After the experimental crosses (F1 x F1 and F2 x F2) (Table 1), the F1 and F2 males
were dissected (n = 5), the testes were removed and stored in methanol: acetic acid solution
(3: 1). Before cytogenetic analysis, the morphology of the male gonads from F1 and F2
hybrids specimens (n = 5) was analyzed under a LEICA MZ APO stereoscopic microscope
and analyzed through the Motic Advanced 3.2 plus image analysis system to evaluate the
presence of gonadal dysgenesis (which may be uni or bilateral) [26]. Posteriorly, slides were
prepared by the cell crushing technique (as described by Alevi et al. [27]), and the cytogenetic
analysis was applied to characterize the spermatogenesis, with emphasis on the degree of
pairing between the homeologous chromosomes [20], using the Lacto-Acetic orcein technique
[27,28]. The slides were examined using a Jenaval light microscope (Zeiss), coupled to a
digital camera and an AxioVision LE 4.8 Image Analysis Software. The images obtained

were magnified by a factor of 1000x.

Results and Discussion

Extremely low genetic distance values were found between T. sordida La Paz and T.
sordida sensu stricto (Table 2). These results could be associated with the absence of
prezygotic [represented by the hatching of F1 hybrids (Table 1)] and postzygotic barriers
[represented by the absence of mortality among F1 hybrids that showed normal development
and reached adulthood (absence of hybrid inviability) (Table 1), by obtaining F2 hybrids,
demonstrating that the F1 hybrids were fertile (Table 1) and that they did not present
atrophied gonads (Figure 2) and produced viable gametes (Figure 3) (absence of hybrid
sterility) and by high F3 hatching rate (Table 1) associated with 100% pairing (Figure 3)
(absence of hybrid breakdown)] installed between these allopatric populations (Table 1).
These data indicate that T. sordida La Paz represents only a chromosomal polymorphism of T.
sordida sensu stricto.

Alevi et al. [3] and Belintani et al. [12] presented robust phylogenetic analyses using
T. sordida sensu stricto, T. sordida La Paz and T. rosai. In both, T. sordida La Paz was
recovered along with T. sordida sensu stricto and T. rosai was recovered as an independent
strain. Morphological and morphometric analyses resulted in similar clusters to those above,
since T. sordida sensu stricto and T. sordida La Paz showed similar characteristics to each
other (that grouped them) and divergent from T. rosai [11].

Regardless of the gene used, T. sordida La Paz showed extremely low genetic

distances compared to T. sordida sensu stricto (Table 2). Monteiro et al. [29] suggest that
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minimum interspecific distances in Triatominae should be greater than 2%. Triatoma rosai
and T. sordida sensu stricto, for example, have a distance greater than 8% (which confirmed
the specific status of T. rosai) [3]. On the other hand, our results demonstrated that the
greatest distance observed between T. sordida La Paz and T. sordida sensu stricto was 1.9%
(Table 2), which suggests that these cytotypes represent only intraspecific chromosomal
variation.

Experimental crosses (Figure 1) resulted in offspring for both directions (Table 1),
demonstrating that there are no prezygotic barriers installed between these allopatric
populations. These results demonstrate that beyond the physical barriers that, possibly, make
it impossible to find these insects together in nature (because they inhabit different countries
in South America [9]), there are no prezygotic barriers installed between T. sordida La Paz
and T. sordida sensu stricto. So, under laboratory conditions, these insects recognize each
other (absence of ethological isolation), copulate (absence of mechanical isolation), in
addition to occurring gametic, genomic and, above all, zygotic (absence of gametic isolation)
compatibility.

In triatomines, the detection of pre and/or postzygotic barriers has helped in taxonomy
and systematics, since evolutionarily more distant species have prezygotic barriers that
prevent the formation of hybrids, while evolutionarily closely-related species can produce
hybrids that will decline (hybrid breakdown) by postzygotic barriers such as hybrid
inviability, hybrid sterility, or hybrid collapse [30].

From F1 hybrids that reached adulthood, confirming the absence of post-zygotic
barrier of hybrid inviability, intercrosses were performed (Table 1) and F2 hybrids were
obtained for all combinations (Table 1), also demonstrating the absence of the postzygotic
barrier of hybrid sterility. The unfeasibility of the hybrids is represented by the high mortality
rate, associated with their low adaptive value, during the nymphal stages [3]. This postzygotic
barrier was extremely important to confirm the specific status of T. rosai [3]. On the other
hand, the hybrid sterility, which can be represented by the atrophy of the gonads (gonadal
dysgenesis) [26] or by chromosomal pairing errors which lead to the formation of unviable
gametes [31], was also not observed, since F2 hybrids hatched (Table 1) and morphological
analyses of the male gonads of the F1 and F2 offspring demonstrated that the testes were not
atrophied compared to control group — absence of gonadal dysgenesis (Figure 2).
Furthermore, cytogenetic analyses of the degree of pairing between the homeologous

chromosomes of the F1 and F2 hybrids demonstrated genomic compatibility between both
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cytotypes, since all chromosomes were paired during metaphases (Figure 3), resulting in the
formation of viable gametes.

For triatomines, all cases of hybrid sterility were associated only with errors during
meiosis [31,32]. The degree of pairing between the homeologous chromosomes of F1 hybrids
allows to evaluate the evolutionary relationship between the species [33]: in general, species
that are phylogenetically closer range about 90-100% chromosomal pairing (as observed
among species of the T. brasiliensis complex [20,34] and T. infestans subcomplex [23]);
meanwhile more distant related species show several pairing errors (40% or more), as
observed between T. infestans and T. rubrovaria (Blanchard, 1846) [31]. Panzera et al. [9]
presented cytogenetic analyses of four possible hybrids of T. sordida from Bolivia (two from
Apolo, La Paz, and two from 1zozog, Santa Cruz) and observed 100% chromosomal pairing
and variations in 45S rDNA probe markings (which led the authors to consider these
specimens as hybrids). Our results indicate that the insects analyzed were only chromosomal
variants of T. sordida sensu stricto.

Nascimento et al. [35] combined molecular data and experimental crosses to
synonymize R. taquarussuensis Rosa et al., 2017 with R. neglectus Lent, 1954. The authors
noted that the hatch rates of F1 offspring were the same as for parental crosses (greater than
78%). Our results demonstrate that the hatching rate of the F1 and F2 offspring was greater
than 80% and of the F3 offspring greater than 60% (Table 1), being all these rates higher than
the hatching rate observed to control crosses between T. sordida La Paz (Table 1). These
results, combined with the low genetic distances data, also indicate that T. sordida La Paz and
T. sordida sensu stricto are the same species.

The hatching of viable hybrids up to F3 demonstrates the absence of a postzygotic
barrier by hybrid collapse. Mendonca et al. [20] characterized this event for hybrids resulting
from the crosses between T. lenti Sherlock & Serafim, 1967 and T. sherlocki Papa et al., 2002.
The authors observed the absence of F3 for the cross between T. lenti female and T. sherlocki
male and the presence of only two F3 nymphs for the cross between T. lenti male and T.
sherlocki female, that died soon after hatching [20]. Furthermore, Mendonca et al. [20]
analyzed the metaphases of F2 hybrids that were intercrossed and observed several
chromosomal pairing errors (which resulted in the formation of inviable gametes). The high
F3 hatching rate associated with 100% pairing between the F2 hybrid chromosomes
demonstrates that this evolutionary phenomenon is not occurring in hybrids of T. sordida La
Paz and T. sordida sensu stricto.

Conclusion
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Based on the low genetic distance (which configures intraspecific variation),
associated with the absence of prezygotic and postzygotic reproductive barriers, we confirm
that T. sordida La Paz represents only a chromosomal polymorphism of T. sordida sensu

stricto.
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Table 1. Experimental crosses performed between T. sordida La Paz and T. sordida sensu

stricto.
Crossing experiments Number of eggs Egg Fertility

Cl cC2 C3 Total
T. sordida La Paz @ x T. sordida sensu stricto & 60 92 200 352 86%
T. sordida sensu stricto @ x T. sordida La Paz & 64 68 225 357 85%
Hybrid F1 ¢ x Hybrid F1 22 79 274 - 353 85%
Hybrid F1 @ x Hybrid F1 3 189 108 - 297 93%
Hybrid F2 @ x Hybrid F2 3¢ 200 139 - 339 64%
Hybrid F2 @ x Hybrid F2 ¢ 122 150 - 272 67%

Control experiments Cl C2 C3 Total
T. sordida La Paz @ x T. sordida La Paz & 132 164 35 331 53%

T. sordida sensu stricto @ x T. sordida sensu stricto & 286 126 178 590 73%

a Hybrids of the cross between T. sordida La Paz @ x T. sordida sensu stricto &; b Hybrids of the cross between T.
sordida sensu stricto 9 x T. sordida La Paz J; ¢ Hybrids of the cross between hybrids F1 from T. sordida La Paz 9 x

T. sordida sensu stricto & d Hybrids of the cross between hybrids F1 from T. sordida sensu stricto @ x T. sordida La
Paz 4. C1, C2 and C3: replicates of experimental crosses, F1: first-generation, F2: second-generation.

Table 2. Genetic distance between T. sordida La Paz and T. sordida sensu stricto for
mitochondrial (Cyt B and ND1) and nuclear (ITS-1) genes.

Genetic distance of Cyt B gene

1) ) ©)
(1) T. sordida sensu stricto -
(2) T. sordida La Paz 0,018
(3) T. brasiliensis 0,184 0,192 -

Genetic distance of ND1 gene

(1) ) ®3)
(1) T. sordida sensu stricto -
(2) T. sordida La Paz 0,019
(3) T. brasiliensis 0,098 0,089 -

Genetic distance of ITS-1 gene

1) ) ®)
(1) T. sordida sensu stricto -
(2) T. sordida La Paz 0,008
(3) T. brasiliensis 0,253 0,244 -
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Figure 1. Experimental crosses between T. sordida La Paz and T. sordida sensu stricto: A. T.
sordida sensu stricto female (right) x T. sordida La Paz male (left); B. T. sordida La Paz

female (left) x T. sordida sensu stricto male (right). Bar: 1 cm.

Figure 2. Not atrophied testicle of hybrid of T. sordida La Paz and T. sordida sensu stricto,
demonstrating the absence of gonadal dysgenesis. A. Testicle of T. sordida La Paz; B.
Testicle of hybrid F1 of the crosses between T. sordida La Paz female x T. sordida sensu
stricto male; C. Testicle of hybrid F2 of the crosses between T. sordida La Paz male x T.

sordida sensu stricto female. Bar: 10 mm.

A B

Figure 3. Meiotic metaphases of hybrids F1 resulting from the experimental crosses between
T. sordida La Paz and T. sordida sensu stricto. A and B. Metaphases with correct pairing of
the homeologous chromosomes; A. Hybrid F1 of the crosses between T. sordida La Paz
female x T. sordida sensu stricto male; B. Hybrid F1 of the crosses between T. sordida La Paz
male x T. sordida sensu stricto female; X: sex chromosomes X, Y: sex chromosomes Y. Bar:

10 pum.
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5. CONCLUSOES

a)

b)

c)

Por meio de marcadores citogenéticos (Bandamento-C e CMAG3/DAPI), foi
verificado que todas as populagdes brasileiras de diferentes biomas de T. sordida
analisadas apresentam uma diversidade genética extremamente baixa, uma vez que
todos os espécimes, independentemente da localidade, apresentaram as mesmas
caracteristicas:

e Bandamento-C: varios corpos heterocromaéticos observados durante a profase
meiotica inicial, sendo um deles formado pelos cromossomos sexuais
associados rodeado por algumas regides heterocromaticas autossémicas; a
maioria dos autossomos apresentam um bloco C-heterocromatico em uma
extremidade cromossémica e 0 cromossomo X pode apresentar um pequeno
bloco C durante a metafase meiotica;

e Bandamento CMA3/DAPI: vérios corpos ricos em CG dispersos no ndcleo da
profase meiotica inicial, sendo um deles formado pela associacdo do
cromossomo sexual X circundado por alguns autossomos e apenas o
cromossomo sexual Y rico em regides AT.

Por meio de marcadores moleculares mitocondriais (Cyt B e ND1), foi corroborada
a baixa diversidade genética das populacGes brasileiras de T. sordida, evidenciada
pelos seguintes fatores: baixa diversidade nucleotidica, alta diversidade haplotipica,
baixa distancia genética entre todas as localidades, alto valor do indice Fs, assim
como a formacdo de um clado monofilético de todas as populacbes brasileiras
amostradas e separado de espécimes da Argentina. Portanto, todos os espécimes
brasileiros podem ser agrupados como T. sordida sensu stricto, o citétipo de maior
importancia na transmissao domeéstica e peridoméstica da doenca de Chagas.

Com base na taxonomia integrativa, por meio de analises morfologicas,

morfométricas, moleculares e cruzamentos experimentais, combinados com dados

disponiveis na literatura, demonstramos que o citotipo T. sordida da Argentina é uma

nova espécie, confirmando o status especifico de T. rosai sp. nov.

d)

Com base na distancia genética extremamente baixa, associada a auséncia de

barreiras reprodutivas pré-zigéticas e pds-zigdticas, sugerimos que T. sordida La Paz

representa apenas um polimorfismo cromossémico de T. sordida sensu stricto e ndo um

novo taxon, como o caso do citotipo T. sordida Argentina.
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