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Resumo

A subfamilia Triatominae inclui com as tribos: Alberproseniini, Bolboderini,
Cavernicolini, Rhodniini e Triatomini, dentre as quais 19 géneros e 154 espécies. As
tribos Rhodniinini e Triatomini conttm o0 maior numero de espécies e
epidemiologicamente as mais relevantes. O género Psammolestes que pertence a tribo
Rhodniinini e conta com as espécies P. arthuri, P. coreodes e P. tertius. Foram
realizados estudos citogenéticos, morfolégicos, morfométricos, morfometricos
geométricos e inferéncias evolutivas do género Psammolestes. Os estudos citogenéticos
dos testiculos foram feitos por meio de técnicas citogenéticas convencionais e indicaram
a evolucdo cromossémica das trés espécies de Psammolestes; Os aspectos morfoldgicos
de ovos, adultos machos e fémeas foram estudados por meio de microscopia eletrdnica
de varredura; a morfometria classica por meio de mensuracdo de ovos e avaliada por
analise estatistica; o estudo da morfometria geométrica de cabecas foi conduzido por
analises multivariadas e graficos gerados no programa CLIC “CollectingLandmarks for
IdentificationandCharacterization”. Foram propostas hipoteses filogenéticas baseando-
se na matriz morfométrica, padrdo da coloracdo da glandula salivar e evolucgédo

cromossémica.

Palavras chaves: Triatominae, Rhodniini, Sistematica, Evolucéo e Cruzamentos.



Abstract

The subfamily Triatominae counts on the tribes: Alberproseniini, Bolboderini,
Cavernicolini, Rhodniinini and Triatomini, among which 19 genera and 154 species.
The Rhodniinini and Triatomini tribes contain the largest number of species and
epidemiologically the most relevant. The genus Psammolestes belongs to the
Rhodniinini tribe and has the species P. arthuri, P. coreodes and P. tertius. Cytogenetic,
morphological, morphometric, morphometric and evolutionary inferences of the genus
Psammolestes were performed. Cytogenetic studies of the testis were made using
conventional cytogenetic techniques and showed the chromosomal evolution of the
three species of Psammolestes; The morphological aspects of eggs, adult males and
females were studied by means of scanning electron microscopy; The classical
morphometry by means of egg measurement and evaluated by statistical analysis; the
study of the geometric morphometry of heads was conducted by multivariate analyzes
and graphs generated in the CLIC program "CollectingLandmarks for Identification and
Characterization". Phylogenetic hypotheses were proposed based on the morphometric

matrix, salivary gland coloration pattern and chromosome evolution.

Keysword: Triatominae, Rhodniini, Systematics, Evolution and Crossovers.
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Capitulo |

Introducao
A subfamilia Triatominae descrita por (JEANNEL, 1919) a subfamilia

Triatominae é reconhecida pela hematofagia obrigatoria das espécies pertencentes a
mesmas. Pode ser diferenciada das demais subfamilias de Reduviidae por apresentarem
uma membrana entre o segundo e o terceiro segmento do aparelho bucal picador-
sugador. Atualmente, Triatominae € composta por 154 espécies e 19 géneros, a
subfamilia Triatominae e esta dividida em cinco tribos: Alberproseniini, Bolboderini,
Cavernicolini, Rhodniinini e Triatomini, das quais as duas Ultimas sdo as que
apresentam o maior nimero de espécies e epidemiologicamente mais relevantes (DORN
et al., 2018; GALVAO, 2014; GALVAO et al., 2003; LENT; WYGODZINSKY, 1979;

LIMA-CORDON et al., 2019; POINAR, 2019).

Os triatomineos possuem desenvolvimento hemimetabolico com cinco estadios
ninfais anteriores a fase adulta. As ninfas podem ser diferenciadas dos adultos por serem
apteras, pela auséncia de ocelos e de fossetas esponjosas. O 5° estadio apresenta
diferenciacdo sexual externa, enquanto os adultos apresentam evidente dimorfismo

sexual (ESPINOLA, 1966; LENT; WYGODZINSKY, 1979; ROSA et al., 1992).

Os adultos possuem cabeca geralmente alongada e subcilindrica, dividida em
regides ante e pos-ocular; olhos bem desenvolvidos e presenca de ocelos; um par de
antenas com quatro articulos com funcdes olfatoria e auditiva. Na base de cada antena
pode ser encontrada uma estrutura chamada de tubérculo antenifero, situada
lateralmente. O aparelho bucal do tipo picador-sugador € curto e retilineo, formado por

trés segmentos. O torax com o pronoto bem desenvolvido e escutelo proeminente exibe
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caracteristicas com grande importancia taxonémica. O abdome achatado dorso-

ventralmente, apresenta conexivos laterais(LENT; WYGODZINSKY, 1979).

A maioria das espéecies de triatomineos podem ser encontradas no ambiente
silvestre, vivem em ninhos de aves, tocas de animais, sob cascas ou ocos de arvores, em
bromélias, palmeiras, abaixo de pedras e outros ecotopos, associados a mamiferos, aves,
anfibios, répteis e invertebrados dos quais se alimentam. Algumas espécies, no decurso
da evolucdo, adquiriram a capacidade de colonizar as estruturas artificiais construidas
pelo homem nas proximidades de suas casas, como galinheiros, pocilgas e estabulos e
sdo denominadas peridomiciliares. Outras sé@o capazes de colonizar o interior das
habitacbes humanas, principalmente daquelas construidas de maneira a propiciar
condicGes de albergar os triatomineos, construgdes feitas de barro e bambu com folhas
de palmeira. Essas sdo as espécies domiciliares, as mais importantes tratando se de
transmissao vetorial, uma vez que, sdo as principais responsaveis pela transmissao da

doenca de Chagas (CARCAVALLO etal., 1998a, 1998b).

Psammolestes Bergroth, 1911

Bergroth (1911) descreveu género Psammolestes e a espécies P. coreodes.
(BERGROTH, 1911). A seguir, em 1926, Cesar Pinto descreveu Eutriatoma arthuri,
que posteriormente foi transferida para o género Psammolestes por Del Ponte em 1930.
Em 1965 Lent & Jurberg descreveram P. tertius, a terceira e Gltima espécie reconhecida
até 0 momento no género Psammolestes (BERGROTH, 1911; DEL PONTE, 1930;

LENT; JURBERG, 1965; PINTO, 1926).

A estreita associagdo de Psammolestes com aves sugere que essas constituem a
unica fonte de alimentacdo para esses triatomineos na natureza. S&o varias as especies

de aves encontradas em associacdo com as trés espécies de Psammolestes (LENT;
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WYGODZINSKY, 1979). Espécies do género de Psammolestes ja foram encontradas
em ninhos das seguintes familias de aves: Dendrocolaptidae (arapagus), Troglodytidae
(curruira, garrinchdo), Furnariidae (Jodo graveteiro e Jodo de barro), Icteridae
(corrupido, japu, Jodo pinto amarelo e xexéu)(BARRETTO; ALBUQUERQUE, 1969;
CRUZ-GUZMAN et al., 2014; GONCALVES DIOTAIUTI et al., 2018; PIFANO,

1938; PINTO; LENT, 1935; SHERLOCK; GUITTON, 1973).
Psammolestes arthuri (Pinto, 1926)

O comprimento total dos machos:11,0 e 12,0 mm, das fémeas entre 12,0 e 14,0
mm. Coloracdo geral amarelo palha com areas irregularmente manchadas de castanho.
Tegumento rugoso com cerdas curtas e douradas, cabeca muito curta com 3 mm de
comprimento, antenas inseridas proximas aos olhos; primeiro segmento antenal curto
quase atingindo a extremidade apical da cabeca, segundo, terceiro e quarto segmentos
antenais quase do mesmo tamanho e todos com coloracdo castanha; cabeca castanha
possuindo uma estria longitudinal mais clara e disposta centralmente, olhos negros e

ocelos claros (LENT; WYGODZINSKY, 1979; PINTO, 1926).

O lébio € reto com trés segmentos, o segundo segmento € o mais longo de todos;
o0 terceiro € igual ao primeiro em extensdo. A soma do 1° e 3° é menor do que o
comprimento do 2° segmento. Escutelo triangular colorido escuro e castanho no apice;
conexivo estreito, escuro quase negro com cinco pequenas manchas transversais
castanhas, com coloragdo mais intensa no apice. Hemiélitros com divisdo normal entre
corio e membrana: Corio castanho, membrana um pouco mais escura; face ventral de
colorido castanho e irregularmente salpicada de negro. As pernas sdo de colorido

castanho, e as tibias sdo mais escuras (LENT; WYGODZINSKY, 1979; PINTO, 1926).
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Psammolestes arthuri ja foi encontrado na Colombia (Meta) e na Venezuela
(Aragua, Cojedes, Miranda, Guarico, Portuguesa, Yaracuy, Anzoategui, Apure, Lara,

Téchira, Barinas,Monagas)(GALVAO et al., 2003).

Material tipo: Instituto Oswaldo Cruz — Rio de Janeiro.
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Figura 1 — A — Espécime macho de P. arthuri; B- etiquetas com informacéo
sobre o espécime. (Imagens cedidas pelo Dr. Cleber Galvdo do Laboratério Nacional e

Internacional de Referéncia em Taxonomia de Triatomineos — LNIRTT).
Psammolestes coreodes (Bergroth, 1911).

O comprimento total dos machos varia entre 12 e 14 mm, das fémeas entre 13,5
e 15 mm. Coloragédo geral marrom amarelada com areas irregularmente manchadas de
marrom escuro ou negro. Tegumento rugoso com cerdas curtas e douradas. Cabeca téo
longa ou ligeiramente mais longa que larga,distintamente mais curta que o pronoto; de
coloracdo amarelada e irregularmente manchada de marrom escuro (BERGROTH,

1911; GALVAO, 2014; LENT; WYGODZINSKY, 1979).

Genas visiveis, fortemente divergentes, ultrapassando consideravelmente o
clipeo. Olhos grandes, em vista lateral podem alcancar, mas ndo ultrapassar a face
ventral da cabega. Ocelos inseridos em nitidas elevagBes. Antenas amareladas,
manchadas com negro; segundo articulo negro no apice, terceiro escurecido
submedianamente. Segundo e terceiro segmentos labiais com longas cerdas. Angulos
antero-laterais do pronoto curtos, ndo atingindo o nivel dos ocelos, aplainados e
acuminados com pequenas areas negras. Lobo posterior do pronoto irregularmente
rugoso. Escutelo rugoso transversalmente, processo apical se estreitando apicalmente.
Hemiélitro da mesma coloracdo do corpo, células da membrana distintamente
escurecidas. Hemiélitros dos machos atingindo o apice do abdémen, enquanto o das
fémeas apenas se aproxima. (BERGROTH, 1911; GALVAO, 2014; LENT;

WYGODZINSKY, 1979).

Pernas de cor marrom claro, com manchas marrons escuras irregularmente

espalhadas. Abdémen ventral marrom amarelado, irregularmente reticulado com
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manchas negras e com filas de manchas escuras longitudinais. Segmentos conexivais
amarelados, geralmente com duas distintas marcas marrom escuro ao longo da margem

lateral (BERGROTH, 1911; GALVAO, 2014; LENT; WYGODZINSKY, 1979).

Psammolestes coreodes encontra-se distribuido na Argentina (Catamarca,
Cordoba, Corrientes, Chaco, Entre Rios, Formosa, Santa Fé, Santiago Del Estero, Salta,
Jujuy, Tucumén), Bolivia (Santa Cruz), Brasil (Mato Grosso), Paraguay (Central)

(GALVAO et al., 2003).

Material tipo: Universitetets Zoologiska Museum, Helsinki, Finland.

17



ww g

B

B okl DL
HEMIPTERA

Inst. Oswaldo Cruz |

—

r;cﬁ YacLé,
Wi

N9

Figura 2 — A — Espécime de P. coreodes; B- etiquetas com informacdo sobre o
espécime. (Imagens cedidas pelo Dr. Cleber Galvdo do Laboratério Nacional e

Internacional de Referéncia em Taxonomia de Triatomineos — LNIRTT).

Psammoles tertius Lent e Jurberg, 1965
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Comprimento total dos machos de 11,5 a 12,5 mm, das fémeas de 12,5 a 13,5
mm. Coloragdo geral marrom amarelada com éreas irregularmente manchadas de
marrom escuro ou negro. Tegumento rugoso com sensilas curtas e douradas. Cabeca
ligeiramente mais longa que larga e mais curta que o pronoto; coloragdo marrom
amarelada dorsalmente com manchas escuras distribuidas irregularmente. Clipeo
ligeiramente alargado anteriormente. Genas visiveis, fortemente divergentes,
ultrapassando consideravelmente o clipeo. Olhos grandes, em vista lateral podem
alcancar o nivel da superficie ventral da cabeca e se aproximando do nivel da superficie
dorsal. Ocelos inseridos em nitidas elevacdes (um pouco menos proeminentes que em
P. coreodes). Segundo e terceiro segmentos do labio com longas cerdas. Pronoto com
numerosas manchas escuras no lobo anterior. Escutelo rugoso transversalmente,
processo apical afilando para o apice. Hemiélitro atingindo o apice do abddémen em
ambos os sexos, de cor marrom geral, com cerdas da membrana distintamente
escurecidas. Pernas da cor do corpo, com manchas marrons escuras irregularmente
espalhadas. Abddémen e conexivo como em P. coreodes(GALVAO, 2014; LENT;

JURBERG, 1965; LENT; WYGODZINSKY, 1979)

P. tertius encontra-se distribuido no Brasil (Bahia, Ceara, Goias, Mato Grosso,
Maranhdo, Minas Gerais, Para, Paraiba, Pernambuco, Sdo Paulo e Rio Grande do Norte)

e no Peru (San Martin)(CABRERA, 2006; GALVAO et al., 2003; SILVA et al., 2018).

Material tipo: Instituto Oswaldo Cruz — Rio de Janeiro.
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Tribo Rhodniini

A tribo Rhodniini é composta por 23 espécies distribuidas em dois géneros, a saber,
Rhodnius e Psammolestes. As espécies do género Rhodnius sdo dificeis de distinguir
apenas por dados morfoldgicos, pois apresentam plasticidade fenotipica e eventos de
especiacdo criptica (ABAD-FRANCH et al., 2013), o que ressalta a importancia dos
dados moleculares para a correta identificacdo dos diferentes tAxons. Dos dados, quando
aplicados em estudos filogenéticos, sugiram que a tribo Rhodniini € um grupo
monofilético e o género Rhodnius é parafilético (MONTEIRO et al., 2000, 2018), o que
ressalta a necessidade de novas andlises para avaliar as questGes taxondmicas e a
hipotese do parafiletismo de Rhodnius(DE CARVALHO et al., 2017; ROSA et al.,

2017).

Eventos de hibridizacdo natural foram relatados para a tribo Rhodniini (DIAS;
JARAMILLO-O; DIOTAIUTI, 2014). Além disso, cruzamentos experimentais entre R.
prolixus x R. neglectus, R. prolixus x R. robustus, R. prolixus x R. pictipes e R.
pallescens x R. colombiensis (CARVALHEIRO JR, 1976; DIAZ et al., 2014;
GALINDEZ et al., 1994) produziram hibridos em pelo menos uma das direcdes,
ressaltando auséncia de isolamento reprodutivo entre as espécies dessa tribo, o que
também pode acarretar em erros taxondémicos caso esses organismos sejam encontrados
na natureza. O cruzamento experimental entre R. taquarussuensis x R. neglectus,
associado com dados de sistematica filogenética, demonstrou que R. taquarussuensis é
uma entidade taxonémica sindnima de R. neglectus (RAVAZI et al., 2019; ROSA et
al., 2017), destacando, assim, a importancia de estudos filogenéticos associados a
anélise de hibridos experimentais para a taxonomia, sistematica e evolucdo da tribo

Rhodniini.
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Estudos mais aprofundados e dindmicos devem ser desenvolvidos para
solucionar as derivagdes evolutivas que permanecem desconhecidas sobre a tribo
Rhodniini em especial, espécies do género Psammolestes, pois as suas caracteristicas

bioldgicas e ecoldgicas sao distintas dos demais Triatominae .

Em vista do referido anteriormente, este trabalho tem o intuito de contribuir para
aprofundar os estudos das trés espécies do género Psammolestes por meio de métodos

citogeneticos, morfométricos e morfologicos.

Objetivos

Geral
Estudar a evolugdo cromossémica, os caracteres morfologicos e morfométricos,

bem como propor uma organizacdo sistematica para as trés espécies do género

Psammolestes.

Especificos

Analisar a morfologia de ovos, glandulas salivares, genitalias masculina, feminina,
cabeca e torax das espécies: P. arthuri, P.coreodes, P.tertius capturados em diferentes

areas do Brasil e Venezuela.

Avaliar os aspectos morfometricos de cascas de ovos e da cabeca de adultos fémeas das

espécies do género Psammolestes.
Analisar a evolugdo cromossémica das trés espécies do género Psammolestes.

Realizar cruzamentos experimentais entre espécies do género Psammolestes e Rhodnius,

a fim de verificar a compatibilidade genémica entre a tribo Rhodniini.
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Abstract

This short communication reports on the first occurrence of Psammolestes tertius in the
Chapada Diamantina region, located in the city of Seabra, Bahia State, in northeastern
Brazil. On an active search, 24 P. tertius specimens were collected from
Phacellodomus rufifrons (rufous-fronted thornbird) nests. The P. tertius specimens were
identified based on the criteria previously described by Lent and Wygodzinsky in 1979.
The insects did not present infection by Trypanosoma cruzi. P. tertius males were
cytogenetically analyzed, and the results were compared to the data on other specimens
from the Brazilian state of Ceara. Triatomines from both locations presented the same
cytogenetic characteristics: 22 chromosomes, little variation in the size of the
autosomes, Y chromosomes that were larger than the X chromosomes, a chromocenter
formed only by the sex chromosomes during prophase, and autosomes lacking
constitutive heterochromatin. However, it is important to note that this species presents
intraspecific chromosomal variation. In light of the results obtained, it is recommended
that more studies be performed to characterize P. tertius. These studies will be
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particularly helpful in understanding this species in ecological, biological,
biogeographical, and phylogenetic terms.

Key Words: Triatominae subfamily, Chapada Diamantina, chromosomal variation

INTRODUCTION

The Triatominae subfamily is composed of 150 species grouped into 18 genera
[1]. All triatomine species are bloodsucking and are potential vectors of the protozoan
Trypanosoma cruzi Chagas, 1909, an etiological agent of Chagas disease.

In Brazil, 65 triatomine species have been reported. They are distributed into ten
genera:  Alberprosenia Martinez and Carcavallo, 1977, Belminus Stal, 1859,
Cavernicola Barber, 1937, Eratyrus Stal, 1859, Microtriatoma (Lent, 1951),
Panstrongylus Berg, 1879, Parabelminus Lent, 1943, Psammolestes Bergroth, 1911,
Rhodnius Stal, 1859, and Triatoma Laporte, 1832. With 23 species, the Brazilian state
of Bahia has presented the greatest species diversity thus far. It is believed that one of
the reasons for this richness in registered species is the variety of biomes and ecoregions
in the state, which include the Cerrado, the Caatinga scrubland, and the Atlantic Forest

2.

Chapada Diamantina is located in the center of Bahia State. This region has been
the focus of many studies [3,4] because it is considered a refuge for many species [5].
Sherlock and Serafim [6] reported the presence of nice triatomine species in the
Chapada Diamantina: Panstrongylus diasi, P. geniculatus, P. lutzi, P. megistus,
Triatoma bahiensis, T. maculata, T. melanocephala, T. sordida, and T. tibiamaculata.
Forty years later, Souza et al. [7] reported the occurrence of ten triatomine species in the
Chapada Diamantina: P. diasi, P. geniculatus, P. lutzi, P. megistus, T. brasiliensis, T.
infestans, T. melanocephala, T. lenti, T. pseudomaculata, and T. sordida. In other
words, in the last forty years, only T. brasiliensis was newly reported in the Chapada
Diamantina. It is important to note that Sherlock and Serafim [6] misidentified T.
pseudomaculata as T. maculata, since T. maculata is a species restricted to the state of
Roraima within Brazil [8]. In addition, T. bahiensis was found to be synonymous with
T. lenti [9].

Some triatomine species are associated with bird nests [9]. Psammolestes tertius
is one of the species with which triatomines have been associated. In most cases, these
insects are found living in furnariid nests, particularly in those of the species
Phacellodomus rufifrons Wied, 1821, P. ruber Vieillot, 1817 [10], and Anumbius
annumbi Vieillot, 1817 [11]. Thus, in order to determine whether this species is present
in the Chapada Diamantina of Brazil, active searches of P. rufifrons nests were
performed in the city of Seabra, Bahia State, Brazil (12°32.449’S and 41°32.896’W),
and P. tertius specimens were captured.

The triatomines were collected with help from the Central Laboratory for Public
Health (LACEN-BA), and the Endemic Disease Control Center in the city of Seabra,
Bahia. On an active search in P. rufifrons nests made of thorny twigs and hung 1064
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meters high (Figure 1), 24 P. tertius specimens were collected, five of which were adult
females, two of which were adult males, and 17 of which were nymphs. Beetles from
the families Cerambycidae, Chrysomelidae, and Curculionidae were also identified
around the nests, as were phytophagous hemipterans from the family Lygaeidae.

The P. tertius specimens were identified in the Parasitology Laboratory within
the Department of Biological Science, part of the School of Pharmaceutical Sciences at
Sdo Paulo State University, Araraquara (UNESP/FCFAR) in Sdo Paulo, Brazil.
Identification was based on the criteria described previously by Lent and Wygodzinsky
[9]. Feces from the specimens were examined. For this examination, the feces samples
were diluted in a saline solution and observed under a Leica MZ APO
stereomicroscope. No Trypanosomatid forms were found. After the identification, these
insects were also cytogenetically analyzed using lacto-aceto orcein techniques [12],
with modifications, according to Alevi et al. [13], and also using C-banding [14]. The
results were compared to those obtained by Panzera et al. [15] in a study on P. tertius
from the Brazilian state of Ceard in order to determine whether P. tertius exhibits any
intraspecific chromosomal variation.

The genus Psammolestes Bergroth, 1911 is composed of three species grouped
into the Rhodniini tribe: P. arthuri (Pinto, 1926), P. coreodes Bergroth 1911, and P.
tertius Lent and Jurberg 1965. P. arthuri distribution was found to be restricted to
Colombia and Venezuela, while P. coreodes was reported in Argentina, Bolivia, Brazil,
and Paraguay. P. tertius distribution is restricted to Brazil [2].

P. tertius is an exclusively sylvatic species that has not been associated with the
transmission of Chagas disease, particularly because of its feeding habits, which are
restricted to Chagas-resistant birds. Though the results obtained were negative for
infection by T. cruzi, this species was found to be infected by the protozoan in nature
[9]. The authors report that these flagellates were likely acquired from opossums that
were found in abandoned bird nests that were still inhabited by triatomines.

The cytogenetic analyses performed on P. tertius revealed that this species does
not present intraspecific chromosomal variation, since the specimens from Bahia
presented the same characteristics described for the samples from Ceard [15]: 22
chromosomes (20A + XY) (Figure 2A); little variation in autosome size (Figure 2A); Y
chromosomes that were larger than X chromosomes (Figure 2A), a chromocenter
formed only by X and Y chromosomes during initial prophase (Figure 2B, arrow); and
autosomes lacking constitutive heterochromatin, which was restricted to the Y
chromosomes (Figure 2C, arrow).

Intraspecific chromosomal variation in the Rhodniini tribe was observed in the
case of R. ecuadoriensis [16] and R. pallescens [17]. As was found with P. tertius,
Rhodnius neglectus presented chromosomal homogeneity among specimens from
different Brazilian states [18]. Soares et al. [19] analyzed two P. tertius populations
through the use of morphometry, isoenzymes, and genetic analyses; they were able to
distinguish between specimens from Cearad and specimens from the Brazilian state of
Minas Gerais. The authors suggest that these populations have not performed genetic
exchanges, largely because they are geographically isolated. Though the results herein
did not reflect intraspecific variation, it is important to note that genetic evolution and
chromosomal evolution are each guided by very different factors. The events that may
lead to variations in DNA sequences are more common than those that lead to
chromosomal changes [20].
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Thus, the presence of P. tertius in the Chapada Diamantina region of Brazil is
being described for the first time, keeping in mind that this species presents intraspecific
chromosomal homogeneity. Thus, more studies are necessary to characterize this
species. These studies will be particularly helpful in understanding this species in
ecological, biological, biogeographical, and phylogenetic terms. More studies are also
necessary to determine triatomine fauna and their distribution around Brazil,
particularly in the case of species from the genus Psammolestes.
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Figure 1: P. tertius males (A), Map of the Brazilian state of Bahia (B), cities within the
Chapada Diamantina region: 1- Morro do Chapeéu, 2- Tapiramuta, 3- Bonito, 4- Utinga,
5- Souto Soares, 6- lraquara, 7- Wagner, 8- Lencois, 9- Seabra, 10- Ibitiara, 11-
Palmeira, 12- Andarai, 13- Boninal, 14- Novo Horizonte, 15- Piatd, 16- Mucugé, 17-
Nova Redencdo, 18- Itaeté, 19- Ibicoara, 20- Marcionilio Souza, 21- Abaira, 22- Barra
da Estiva, 23- Jussiape, and 24- Rio de Contas (C).
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Figure 2. Karyotype (A) and constitutive heterochromatin arrangement (B, C) in P.
tertius. A: Metaphase I: Note that the species presents 22 chromosomes, little variation
in autosome size, and a Y chromosome that is larger than the X chromosome. B: Initial
prophase. Note the heterochromatic chromocenter formed by the sex chromosomes
(arrow). C: Final prophase. Note that only the Y chromosome is heterochromatic
(arrow). Bar scale used: 10 pum.
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Abstract

Chagas disease is caused by Trypanosoma cruzi and transmitted by feces of triatomine
that has the habit of defecating during the blood feeding. The salivary glands of
triatomines are important to hematophagy, because the saliva is abounds in proteins
anticoagulant and hemolytic. The salivary glands of some Rhodnius species analyzed
are reddish by presence of nitrophorins (anti-hemostatic activity). Thus the present study
aimed to analyze the pattern of coloration of the salivary glands of 67 triatomines
species in order to evaluate whether the presence of nitrophorins is a synapomorphy of
Rhodnius, of the Rhodniini tribe or it is shared with triatomines from the Triatomini and
Cavernicolini tribes. Only the species of the tribe Rhoniini present red glands. Thus, we
highlight the presence of the nitrophorins proteins as a synapomorphy the Rhodniini
tribe and suggest that this tribe has derived more recently when compared with
Triatomini and Cavernicolini tribes.
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Short Report

The Chagas disease is 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 faeces of triatomines, known as 'kissing bugs'. It is estimated that about 6
million to 7 million people are infected worldwide, mostly in Latin America where
Chagas disease is endemic.t

Currently, there are 151 species of triatomines, distributed in 18 genera and five
tribes, being all species considered as potential vector of Chagas disease.>**° As
Chagas disease has no cure and treatment with benznidazole and nifurtimox is effective
only in the acute phase of the disease (which is often asymptomatic), vector control is
the most effective method of preventing this neglected disease." Thus, all knowledge
about these hematophagous insects is important and can generate subsidies to assist the
vector control programs.

Though the transmission of T. cruzi to the host occurs through the feces of
triatomines, the behavior of hematophagy is fundamental to contamination with the
protozoan, once the triatomines present the habit of defecate during blood feeding.? It is
believed that hematophagy was derived from generalist predators ancestral who initiated
the behavior as opportunistic hematophagy, passed for a facultative hematophagy and
evolved for mandatory hematophagy.®

The salivary glands of triatomines perform a fundamental role during
hematophagy, because the saliva is abounds in proteins and anticoagulant and hemolytic
enzymes.”® These structures have been studied anatomically®, histologically®,
biochemically’, molecularly™ and cytogenetically** based on few triatomines of the
genus Triatoma, Rhodnius and Panstrongylus.

Based on the analysis of R. prolixus has been suggested that salivary glands
(principal glands) of the species of the genus Rhodnius is reddish.*? This characteristic
is coming from the presence of nitrophorins.> These proteins present a heme group in
its molecule (which confer the reddish coloration) are responsible for many anti-
hemostatic activity.™

Considering that the presence nitrophorins is suggested for all species of the
genus Rhodnius,** and only R. prolixus,** R. robustus,'* and R. domesticus® have been
studied, the present study aimed to analyze the pattern of coloration of the salivary
glands of 67 triatomine species, distributed in ten different genera and grouped into
three tribes, in order to evaluate whether the presence of nitrophorins is a synapomorphy
of Rhodnius, of the tribe Rhodniini or it is shared with triatomines from the Triatomini
and Cavernicolini tribes.

Were analyzed at least two adult male specimens of each species (tribe
Cavernicolini: Cavernicola pilosa; tribe Rhodniini: Psammolestes tertius, P. coreodes,
P. arthuri, Rhodnius brethesi, R. colombiensis, R. domesticus, R. ecuadoriensis, R.
marabaensis, R. milesi, R. montenegrensis, R. nasutus, R. neglectus, R. neivai, R.
pallescens, R. pictipes, R. prolixus, R. robustus, R. stali, tribe Triatomini:
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Dipetalogaster maxima, Eratyrus cuspidatus, Meccus pallidipennis, M. longipennis, M.
picturata, M. phylossoma, Mepraia spinolai, Nesotriatoma bruneri sn N. flavida,
Panstrongylus herreri sn P. lignarius, P. lignarius, P. megistus, P. lutzi, Triatoma
arthurneivai, T. bahiensis, T. baratai, T. brasiliensis, T. b. macromelasoma, T.
carcavalloi, T. circummaculata, T. costalimai, T. delpontei, T. dimidiata, T. garciabesi,
T. guasayana, T. guazu, T. infestans, T. juazeirensis, T. jurbergi, T. klugi, T. lectularia,
T. lenti, T. maculata, T. matogrossensis, T. melanica, T. melanocephala, T. petrocchiae,
T. platensis, T. protracta, T. pseudomaculata, T. pintodiasi, T. rubrovaria, T. sherlocki,
T. sordida, T. tibiamaculata, T. vandae, T. vitticeps, T. williami, T. wygodzinskyi, that
were provided by the “Insetdrio de Triatominae”, from FCFAR/UNESP, Araraquara,
Sao Paulo, Brazil, and by the “Insetario do Laboratorio Nacional e Internacional de
Referéncia em Taxonomia de Triatomineos”, from FIOCRUZ, Rio de Janeiro, Brazil.
The bugs were dissected, the salivary glands were removed, and examined by
stereoscope microscope.

Through the analysis of the salivary glands, it was observed that the species of
the tribe Rhoniini present red glands [represented by P. tertius (Figure 1A) and R.
montenegrensis (Figure 1B)]. On the other hand, all other species analyzed exhibited
transparent glands [represented by T. infestans (Figure 1C)].

It is estimated that the Triatomini and Rhodniini tribes diverged at 48.9-64.4
mya, when South America was already separated from Africa.’® Recently, it was
suggested that the uplift of the Andes in South America and the variations in sea levels
in North America are the events involved in the diversification of these tribes.!” During
the diversification of these tribes from the common ancestor, we suggest that
nitrophorins hemeproteins appeared (and was selected positively) after the divergence
of the tribes, more specifically in the common ancestor of Rhodniini tribe.

Although there is no dating to the divergence of Cavernicolini tribe, recently this
tribe was presented as a brother group of Rhodniini.'” However, the absence of
nitrophorins in the salivary glands of C. pilosa also allows us to suggest that this tribe
derived before Rhodniini tribe. Thus, we suggest that Triatomini tribe derived first,
followed by Cavernicolini tribe and lastly the Rhodniini tribe, highlighting the need for
studies using molecular clocks in Triatominae with representatives of all the tribes.

Between the anti-hemostatic activities from the nitrophorins, can highlight
storage and transport of nitric acid ligated into the center of ferric heme® which
promotes vasodilation and inhibition of platelet aggregation when it is released in the
microcirculation.’® Our study demonstrates that the species of Triatomini and
Cavernicolini tribe not show this hemeprotein in the composition of salivary glands.
Among the few studies that characterize the salivary glands of other genera the
Triatomini tribe, the anti-hemostatic substances isolated were: triabin and pallidipin in
M. pallil%iipennis,19 triafestins in T. infestans,®® and lipocalin in T. lectularia’® and P.
herreri.

Thus, we highlight the presence of the nitrophorins proteins as a synapomorphy
of the Rhodniini tribe and suggest that this tribe has derived more recently when
compared with Triatomini and Cavernicolini tribes, contributing to the knowledge of
the evolutionary history of this important vector group.
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Abstract

The genus Psammolestes within the subfamily Triatominae and tribe Rhodniini
comprises the species P. arthuri, P. coreodes and P. tertius, all potential vectors of
Chagas disease. A feature of Psammolestes is their close association with birds, which
makes them an interesting model for evolutionary studies. We analyzed cytogenetically
Psammolestes spp., with the aim of contributing to the genetic and evolutionary
knowledge of these vectors. All species of the Psammolestes showed the same
chromosomal characteristics: chromocenter formed only by sex chromosomes X and Y,
karyotype 2n = 22 and constitutive heterochromatin and AT base pairs restricted to the
sex chromosome Y. These results corroborate the monophyly of the genus and leads to
the hypothesis that during the derivation of P. tertius, P. coreodes and P. arthuri from
their common ancestor there was no reorganization in the number or structure of
chromosomes.
Keywords: cytogenetic, evolution, Rhodniini, wild species.
Short report

Chagas disease is caused by the protozoan Trypanosoma cruzi (Chagas, 1909)
and transmitted mainly by triatomines’. Presently, the subfamily Triatominae
(Hemiptera, Reduviidae) consists of 152 species (150 living species and two fossil ones)
distributed in 18 genera and five tribes (Alberproseniini, Bolboderini, Cavernicolini,

Rhodniini and tribes Triatomini)?, all the species being potential vectors of T. cruzi.
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The tribe Rhodniini is a monophyletic group® consisting of two genera with
different phenotypes: one with long thin legs and a long head, living mainly in palm
trees (genus Rhodnius Stal, 1859), and the other having a short head, strong legs, wide
femora, a very wide rostrum (the widest in all the subfamily) and living in nests of birds
of the family Furnariidae (genus Psammolestes Bergroth, 1911)*. The genera include 21
species of Rhodnius [divided into the groups pallescens, pictipes and prolixus] and three

species of Psammolestes.>®

Psammolestes coreodes Bergroth, 1911 is distributed in Argentina (Catamarca,
Corrientes, Chaco, Entre Rios, Formosa, Santa Fe, Santiago Del Estero, Salta, Jujuy and
Tucuman), Bolivia (Santa Cruz), Brazil (Mato Grosso), Paraguay (Central); P. tertius
Lent & Jurberg, 1965 is distributed in Brazil (Bahia, Ceara, Goiéds, Mato Grosso,
Maranhdo, Minas Gerais, Para, Paraiba, Pernambuco and S&o Paulo) and Peru (San
Martin) and P. arthuri (Pinto, 1926) is distributed in Colombia (Meta) and Venezuela
(Aragua, Cojedes, Miranda, Guérico, Portuguesa, Yaracuy, Anzoategui, Apure, Lara,

Téachira, Barinas and Monagas).®’

Phylogenetic analyses of P. tertius and P. coreodes suggest that this genus is
monophyletic® (there are no phylogenetic studies of P. arthuri in the literature) and
presents a phylogenetic relationship with the species of the prolixus group®, which led
to suggest the inclusion of the genus Psammolestes in the genus Rhodnius.® Monteiro et
al.® suggest that perhaps Psammolestes should be regarded as a specialized lineage from
the prolixus group of Rhodnius, because the genus Psammolestes and species of the
prolixus group share a common ancestral, which highlights the paraphyly of the genus
Rhodnius”.

Based on mitochondrial DNA data presented by Monteiro et al.%, Soares et al.’

suggest that Psammolestes has derived from a form similar to R. robustus. In addition,
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the authors suggest that these triatomines spread from the Amazon region northward
into the llanos of VVenezuela, where P. arthuri is now abundant in furnariidae nests, and
southeastward into the caatinga-cerrado path of Central Brazil. Furthermore, as
predicted by Schofield and Dujardin® the authors suggest subsequent differentiation of
P. tertius along a north—south cline, from the larger specimens of the northeastern
caatinga region to the smaller individuals of the central cerrado. According to them, the
third species of the genus, P. coreodes, from the Chaco region of Argentina and
Paraguay, may represent the southernmost differentiation of these descending
populations.

Cytogenetic studies on the genus Psammolestes started in 1950 with the
description of the karyotype of P. coreodes™. After 48 years the karyotype of P. tertius
was described™ and in 2012 the constitutive heterochromatin pattern of the species was

characterized by Panzera et al.*®

(Table 1). In addition, a more recent cytogenetic study
comparing P. tertius of different Brazilian states (Bahia and Ceara) was performed and
showed absence of intraspecific chromosome variation*. The present work seeks to
characterize the karyotype evolution and the chromatin composition of the species of
the genus Psammolestes, with the aim of contributing to the genetic and evolutionary
knowledge of these potential vectors.

Five adult males of each species were used for cytogenetic analysis. The wild
species considered herein were P. tertius [Castro Alves, Bahia, Brazil], P. coreodes
[Corumba, Mato Grosso do Sul, Brazil] and P. arthuri [Maracay, Aragua, Venezuela],
all of them being from the field. The seminiferous tubules were torn apart, crushed and
fixed on slides in liquid nitrogen. The cytogenetic technique of Lacto-Acetic Orcein™*®

and C-banding"’ were applied for description of karyotype, characterization of meiosis

and description of heterochromatin pattern, respectively. Then the cytogenomic
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technique of CMAs/DAPI banding was applied Schimid'® with the modifications

provided by Severi-Aguiar et al.*®

to differentiate the heterochromatin regions rich in
AT and CG. The biological material was analyzed using a Jenaval light microscope
(Zeiss) and Olympus BX-FLA fluorescence microscope.

All species of the genus Psammolestes presented the same chromosomal
characteristics, namely chromocenter formed only by sex chromosomes X and Y during
the prophase (Fig. la-c), euchromatic autosomes and sex chromosomes X and
heterochromatic sex chromosome Y (Fig. 1d-f), sex chromosome X rich in CG (Fig. 1g-
1) and Y rich in CG (Fig. 1j-I), and karyotype 2n = 22 (Fig. 1m-0). These characteristics
confirm the data already described in the literature (Table 1) and corroborate the
monophyly of this genus.

The karyotype 2n = 22 is present in all species of the tribe Rhodniini®®?!. This
karyotype is the same number of chromosomes as the ancestor of Triatominae'” which
indicates that the genomic reorganization events that occurred during the evolution of
the tribe Rhodniini did not lead to numerical alterations in the chromosomes, unlike
what happened to the tribe Triatomini, which presents karyotypes ranging from 2n = 21
to 25,227

Chromocenter formed only by sex chromosomes X and Y is also shared with the

species of Rhodnius™?*

, Which demonstrates that this meiotic behavior is present in all
species of the tribe Rhodniini. In the tribe Triatomini there are species with the pattern
described for Psammolestes and species that present union of autosomes with sexual
chromosomes in the formation of the chromocenter?. This meiotic behavior can be used

as a taxonomic tool to group related species. For example, all species of the T.

brasiliensis complex present chromocenter formed by the sex chromosomes plus a pair
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of autosomes [characteristics that make it possible to differentiate seven species in this
complex from all other triatomine complexes®.

With the exception of R. colombiensis Mejia, Galvdo & Jurberg, 1999, R.
nasutus Stal, 1859, R. pallescens Barber, 1932, R. pictipes and R. taquarussuensis Rosa
et al. 2017%?" all Rhodnius species also have constitutive heterochromatin restricted to
the sex chromosome Y, as well as observed in Psammolestes spp. The distribution
pattern of constitutive heterochromatin is extremely important for the taxonomy of
Triatominae, being one of the main tools used in the description of the last species of
the tribe Rhodniini, namely R. taquarussuensis 2*. In addition, the three species of the
genus Psammolestes showed the same DNA composition rich in AT and CG.

Heterochromatin loss/reorganization in AT and CG composition could have
occurred during the speciation of Psammolestes spp, as observed for the species of the
group pallescens®. However, considering that the ancestor of P. tertius, P. coreodes
and P. arthuri was similar to R. robustus Larrousse, 1927 (which does not present
heterochromatin in the autosomes either, only in the sexual chromosome Y?") and
especially the degree of specialization of these species during their evolution (they
inhabit only bird nests), it can be stated that the species maintained the genetic material
without chromosomal changes.

The cytogenetic characteristics analyzed indicate chromosomal homogeneity in
the genus Psammolestes, which corroborates the monophyletic feature of the genus and
suggests that during the derivation of P. tertius, P. coreodes and P. arthuri from the
common ancestor there was no reorganization in the number or structure of

chromosomes.
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Table 1 - Cytogenetic characteristics of species of the genus Psammolestes.

Species Karyotype Meiosis C-Banding CMAG;/DAPI
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Chromocenter A X Y A X

Y
P. arthuri 2n = 22 (20A + XY) XY - - + - CMA" DAPI

P. coreodes 2n = 22 (20A + XY)! XY - - + - CMA"™ DAPI
P. tertius 2n = 22 (20A + XY)** XY? - - +% . CMA" DAPI'

?Schreiber and Pellegrino (1950):; '’ Panzera et al. (1998); ™' Panzera et al. (2012); * Oliveira et al.

(2016)
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Fig. 1 Cytogenetics analyses of Psammolestes spp. Note the X and Y sex chromosomes forming the chromocenter of
P. tertius (a, arrow), P. coreodes (b, arrow), and P. arthuri (c, arrow). Note that the autosomes and X chromosome
are euchromatic and Y is heterochromatic in P. tertius (d), P. coreodes (e), and P. arthuri (f). Note that the X

chromosome is rich in CG (g-i) and the Y chromosome is rich in AT (j-1) and the karyotype is 2n = 22 (20A + XY)
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(m-o0) for P. tertius (g, j, m), P. coreodes (h, k, n), and P. arthuri (i, I, 0). X: X sex chromosome, Y: Y sex

chromosome. Scale-bar: 10 um.
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