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RESUMO

RESUMO

ROCHA, C.S. Analise da relagao filogenética entre Triatoma carcavalloi
Jurberg, Rocha; Lent, 1998; Triatoma circummaculata Stal, 1859; Triatoma
klugi Carcavallo, Jurberg, Lent; Galvao, 2001 e Triatoma rubrovaria Blanchard,
1843 (Hemiptera, Reduviidae) baseada no sequenciamento de genes do DNA
mitocondrial e nuclear. Tese (Doutorado) - Biociéncias e Biotecnologia aplicadas a

Farmacia — Faculdade de Ciéncias Farmacéuticas — UNESP, Araraquara, SP, 2012.

A subfamila Triatominae compreende 146 espécies, agrupadas em 18 géneros e
cinco tribos. O género Triatoma € o mais representativo da subfamilia com 80
espécies descritas, as quais estdo agrupadas em oito complexos e oito
subcomplexos, sendo essa classificagao baseada principalmente em caracteristicas
morfoldgicas. Triatoma rubravaria € considerado um importante vetor na transmisséo
da doenga de Chagas no Estado do Rio Grande do Sul, uma vez que houve um
aumento de sua captura e encontros de colbénias intradomiciliares ap6s o programa
de combate ao T. infestans. Possui habitos rupestres e € encontrado em buracos e
fendas de locais pedregosos, juntamente com T. carcavalloi, T. circummaculata e
T.klugi, os quais mostram semelhangas morfolégicas. Marcadores moleculares
pertencentes ao DNA nuclear, como os espagadores internos transcritos (ITS)
apresentam uma evolugao mais rapida, permitindo estabelecer relagdes recentes ao
passo que a grande subunidade ribossomal 28S (D2), por ser bem conservado,
permite estabelecer relagdo entre organismos distantemente relacionados.
Marcadores mitocondriais (Citocromo B — CytB e Citocromo Oxidase | — COIl)
apresentam taxa de mudancga dez vezes mais rapida que aquelas apresentadas pelo
DNA nuclear, sendo, portanto, uUteis para estabelecer relagbes filogenéticas entre
organismos que divergiram recentemente. A analise Bayesiana por meio de
sequencias pertecentes ao mtDNA (CytB e COI) reafirmam o posicionamento de
espécies no subcomplexo rubrovaria e indica T. carcavalloi como espécie irma do
grupo formado por T. klugi + T. rubrovaria + T. circummaculata. A analise bayesiana
de seis populagcdes de T. rubrovaria mostrou a populagdo coletada em Cangucgu

isolada das demais, sugerindo que se trata de espécie criptica.

Palavras-chave: T. rubrovaria, DNA mitocondrial, DNA nuclear, Filogenia, espécies cripticas



ABSTRACT

ABSTRACT

ROCHA, C.S. Phylogenetic relationship among Triatoma carcavalloi Jurberg,
Rocha; Lent, 1998; Triatoma circummaculata Stal, 1859; Triatoma klugi
Carcavallo, Jurberg, Lent; Galvao, 2001 and Triatoma rubrovaria Blanchard,
1843 (Hemiptera, Reduviidae) based on sequencing of mitochondrial and
nuclear DNA sequences. Tese (Doutorado) - Biociéncias e Biotecnologia aplicadas
a Farmacia — Faculdade de Ciéncias Farmacéuticas — UNESP, Araraquara, SP,
2012.

The subfamily Triatominae comprises 146 species grouped in 18 genera and five
tribes. The genus Triatoma is the most representative subfamily with 80 described
species, which are grouped into eight complex and eight subcomplexes and this
classification being based primarily on morphological characteristics. Triatoma
rubravaria is considered an important vector in the transmission of Chagas disease in
the state of Rio Grande do Sul since it was detected an increase of their capture and
meetings colonies household after the program to combat of T. infestans. T.
rubrovaria is found in groves and crevices of rocky areas within T. carcavalloi, T.
circummaculata and T.klugi, which show morphological similarities. Molecular
markers belonging to the nuclear DNA, as the internal transcribed spacers (ITS) have
more rapid evolution, establishing recent relationships while the large ribosomal
subunit 28S (D2), being well maintained, allows establishing the relationship between
distantly related organisms. Mitochondrial markers (Cytochrome B — CytB and
Cytochrome Oxidase | - COI) present a rate of change ten times faster than those
presented by nuclear DNA, and are therefore useful for establishing phylogenetic
relationships between organisms that diverged recently. A Bayesian analysis using
mtDNA sequences belonging to (CytB and COI) reaffirmed the positioning of the
species and indicates subcomplex rubrovaria and indicates T. carcavalloi as sister
species from the group of T. klugi + T. rubrovaria + T. circummaculata. A Bayesian
analysis of six populations of T. rubrovaria showed the population collected in

Cangucu isolated from the others, suggesting that they are cryptic species.

Key words: T. rubrovaria, mitochondrial DNA, nuclear DNA, phylogeny, cryptic

species.
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INTRODUGCAO

1 - INTRODUGAO
1.1 — Doencga de Chagas

Carlos Chagas ao descrever o protozoario Trypanosoma cruzi e a
Tripanossomiase Americana, posteriormente denominada doenca de Chagas,
desvendou toda a cadeia epidemiologica dessa zoonose, isto é, 0 mecanismo de
transmissdo, vetor, agente etiolégico, a doenga em humanos, bem como os
reservatorios silvestres (CHAGAS, 1909). Estima-se que 10 milhdes de pessoas,
principalmente na América Latina, estejam infectadas com o protozoario T. cruzi,
transmitido, principalmente, pelas fezes dos triatomineos (WHO, 2010).

A época da descricdo da doenca, Chagas ja se referia @ importancia da
melhoria das condi¢gdes de moradia para o controle dos triatomineos no ambiente
doméstico, uma vez que os mesmos vivem em frestas e rachaduras das paredes
das casas. Antes da Il Guerra Mundial haviam poucas técnicas para o combate do
vetor em ambiente doméstico. No inicio, o combate aos triatomineos era realizado
com querosene e na década de 40, com o advento dos inseticidas sintéticos, o
controle ao vetor tornou-se melhor sucedido. As paredes das casas eram borrifadas
com organoclorados e houve uma diminuicdo significativa das populagdes
domiciliares. Nos anos 80 os organoclorados foram substituidos por piretréides
devido a sua maior eficiéncia (DIAS et al., 2000; 2002).

Admite-se que o controle de vetores seja 0 método mais eficaz para prevenir
e combater a propagacao da doenca, uma vez que nao existem vacinas e
tratamentos farmacolégicos eficazes para curar doentes em fase crénica (DIAS et
al., 2002; MILES, 2004; COURA;VINAS, 2010).

A diminuicdo significativa da taxa de infestacao domiciliar por triatomineos foi

acompanhada por uma rapida reducdo dos casos agudos da doenca, fato esse
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documentado por estudos realizados nos Estados de Minas Gerais (DIAS, 1982) e
de Sao Paulo (SOUZA et al., 1984). Quadros similares de decréscimo também foram
verificados em outros paises do Cone Sul, em extensas areas da Argentina e do
Paraguai e no sul da Bolivia (VINHAES, 2000).

Paralelamente ao controle do vetor, observou-se reducao da transmissao por
outras vias, entre as quais por meio de doadores de sangue e congenitamente
(DIAS, 2000).

Contudo, estudos sobre o agente etiolégico, assim como sobre os vetores
continuam necessarios, uma vez que a erradicagao de T. cruzi, assim como dos
seus vetores é praticamente impossivel com os conhecimentos atuais. Corrobora
essa afirmacdo o que se tem observado no Estado de Sao Paulo, onde a
transmissao vetorial da doenga de Chagas esta controlada desde 1965, no entanto,
ainda persiste a possibilidade de transmissdo natural, pois os vetores podem ser
encontrados, mesmo em matas residuais, conforme observacdes trimestrais feitas
no municipio de Araraquara no periodo de 1979 a 2007, por Barata et al.

(Comunicagao Pessoal).
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1.2 - Insetos vetores da doenga de Chagas — Triatomineos

Lent e Wygodzinsky (1979) descreveram todas as espécies validas de
Triatominae, perfazendo um total de 110 espécies, estudadas de maneira detalhada,
incluindo observagdes sobre os ciclos de vida e habitats na natureza, além da
distribuicdo por diferentes regides e paises, assim como as informagdes quanto a
infestagdo pelo parasita T. cruzi na natureza e em laboratério (LENT, 1999). As
principais espécies vetoras da doenca estao distribuidas desde o sul dos Estados
Unidos a Argentina, entre as latitudes 41°N e 46°S (DIAS, 2000).

Desde entdo, novos géneros e espécies foram descritos. A subfamilia
Triatominae compreende 146 espécies, agrupadas em 18 géneros e cinco tribos
(ROSA et al., 2012; OBARA et al., 2012, GALVAO et al., 2003; FORERO et al.,
2004; POINAR, 2005; COSTA et al., 2006; GALVAO;ANGULO, 2006;
COSTA;FELIX, 2007; SANDOVAL et al., 2007; BERENGER;BLANCHET, 2007;
MARTINEZ et al., 2007, JURBERG et al., 2009). O género Triatoma € o0 mais
representativo da subfamilia com 80 espécies descritas, as quais estdo agrupadas
em oito complexos e oito subcomplexos, sendo essa classificagdo baseada
principalmente em caracteristicas morfolégicas (SCHOFIELD;GALVAO, 2009).

Todos os triatomineos sao suscetiveis a infecgdo por T. cruzi, em qualquer de
seus estadios evolutivos, a partir da succdo de sangue de um hospedeiro vertebrado

infectado (BARRETTO, 1979).

e Triatoma rubrovaria
Espécie descrita, em 1843, por Blanchard e que pode ser encontrada no
Estado do Rio Grande do Sul (RS) - Brasil, Missiones, Corrientes e Entre Rios

(Argentina) e em todas as regides do Uruguai (ROSA et al., 2000). T. rubrovaria era
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considerada silvestre e de importancia secundaria, mas provavelmente devido as
alteracbes ambientais, essa espécie esta se domiciliando (SILVEIRA, 1983) e em
muitos municipios do Rio Grande do Sul podem ser capturados elevados numeros
de exemplares (ROSA et al., 2000; RUAS-NETO et al., 2002). Segundo Silveira e
Rezende (1994), T. rubrovaria, encontrado naturalmente infectado por T. cruzi,
agrupa-se entre as espécies que vém ocupando nichos deixados vagos pela
eliminagdo do T. infestans no RS.

T. rubrovaria possui habitos rupestres e € encontrado em buracos e fendas de
locais pedregosos, onde predominam rochas sobrepostascom caracteristicas
graniticas ou areniticas, alimentando-se do sangue de varios vertebrados
principalmente roedores, mantendo assim o ciclo silvestre da tripanossomiase
americana (ROSA et al., 2000; ALMEIDA et al., 2002; MARTINS et al., 2006).

Mesmo apds o programa de combate ao T. infestans, integrante da Iniciativa
dos paises do Cone Sul (INCOSUL/Chagas), implementada a partir de 1992,
verificou-se aumento na captura de T. rubrovaria e capacidade de constituir colénias
intradomiciliares no Estado do Rio Grande do Sul — Brasil (ALMEIDA et al., 2000;

SILVEIRA;DIAS, 2011).

e Triatoma Klugi
T. klugi, espécie descrita em 2001 por Carcavallo et al., foi encontrada em
frestas de rochas no municipio de Nova Petropolis, Estado do Rio Grande do Sul,
habitat natural semelhante ao de T. rubrovaria.
Insetos de cor geral preta, tendo manchas amarelas centrais em cada
segmento do conexivo, parte externa do clavo e a base do corio, sdo escuras as

partes distais do coério e acinzentadas as membranas. As fémeas apresentam
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caracteres e proporgdes semelhantes aos machos (CARCAVALLO et al., 2001). T.
klugi ocorre em simpatria no mesmo ecotopo de T. rubrovaria no Estado do Rio
Grande do Sul — Brasil (ALMEIDA et al., 2002; ALMEIDA et al., 2009; SCHOFIELD;

GALVAO, 2009).

e Triatoma circummaculata

T. circummaculata (STAL, 1859) encontra-se distribuido por algumas regides
da Argentina, no Estado do Rio Grande do Sul (Brasil) e Uruguai, podendo ser
encontrado infectado com T. cruzi. Costumam habitar frestas de pedras e sob
rochas, sendo frequentemente encontrado com T. rubrovaria (LENT,;
WYGODZINSKY, 1979).

A variacdo cromatica do lobo posterior do pronoto — completamente preto a
completamente vermelho em T. circummaculata € semelhante aquela que ocorre em
T. rubrovaria, juntamente com a qual ocorre (LENT; WYGODZINSKY, 1979). Bem
como ocorre com T. klugi, T. circummaculata pode ser encontrado no mesmo
ecotopo que T. rubrovaria (ALMEIDA et al., 2002; ALMEIDA et al., 2009;

SCHOFIELD;GALVAO, 2009).

e Triatoma carcavalloi
Espécie descrita por Jurberg et al. em 1998, foi coletada em domicilios de
Santana do Livramento, Cangucgu, Jaguarao e Dom Feliciano, municipios distantes
entre si, que ocupam uma grande area do Rio Grande do Sul.
E encontrado em ecétopo e em simpatria com T. rubrovaria (ALMEIDA et al.,
2009) e apresenta coloragao similar a de T. rubrovaria e T. circummaculata, sendo

classificada como espécie afim de T. rubrovaria.
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Imagens que evidenciam algumas semelhangas e diferengas morfoldgicas

entre as quatro espécies supracitadas podem ser observadas na Figura 1.

e Triatoma guasayana
Espécie descrita por Wygodzinsky e Abalos (1949) é encontrada na Argentina
(Buenos Aires, Catamarca, Chaco, Coérdoba, Jujuy, La Pampa, La Rioja, Mendoza,
Salta, San Juan, San Luis, Santiago Del Estero, Santa Fe, Tucuman), bem como na
Bolivia e Paraguai (LENT;WYGODZINSKY, 1979). A espécie foi utilizada no

presente estudo para dar suporte as analises filogenéticas realizadas.

e Triatoma platensis
Espécie descrita por Neiva (1913) apresenta-se distribuido na Argentina
(Buenos Aires, Catamarca, Chaco, Cérdoba, Corrientes, Entre Rios, Formosa Jujuy,
La Pampa, La Rioja, Mendoza, Rio Negro, San Juan, San Luis, Santa Fé, Santiago
Del Estero, Salta, Tucuman), nas regides sul da Bolivia e do Paraguai (LENT;
WYGODZINSKY, 1979). A espécie foi utilizada no presente estudo como grupo

externo para as analises filogenéticas.
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Figura 01: Exemplares dos triatomineos estudados. T. rubrovaria (A), T. circummaculata

(B), T. carcavalloi (C), T. klugi (D), T. guasayana (E) e T. platensis (F).

Fonte: Autor

Algumas espécies de Triatominae apresentam coloragdo e caracteristicas
morfolégicas semelhantes, o que dificulta a identificacdo dos exemplares (LENT et
al.,1993).

Garcia e Powell (1998), também partilham dessa observacédo de Lent et al.,
(1993) e referem que algumas espécies sao dificeis de separar taxonomicamente e
outras tém seu status taxondmico questionado, sendo assim a morfometria, a
citogenética, cruzamentos experimentais e técnicas de biologia molecular sao
metodologias uUteis no processo de identificagdo dos Triatominae (MONTEIRO et al.,

2001).
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A biologia molecular fornece informag¢des importantes sobre as relagbes
filogenéticas, uma vez que sequéncias de aminoacidos e de nucleotideos
apresentam um numero muito elevado de caracteres e por isso sdo muito utilizadas

para a recontrugdo filogenética (FUTUYMA, 1992).

1.3 — Sistematica e métodos moleculares

Varios marcadores moleculares podem ser explorados para fornecer
informagdes sobre variabilidade genética dos triatomineos por meio da detecc¢ao de
polimorfismo de DNA. Para esse propoésito existem varias técnicas disponiveis, tais
como ARDRA (Amplified Ribossomal DNA Restriction Analyses) (VENTURA ET AL.,
2001), AFLP (Amplified Fragment Lenght Polimorfism), DGGE (Denaturating
Gradient Gel Eletrophoresis) (GASER et al., 1996), RFLP (Restriction Fragment
Lenght Polymorphism) (NAEGELE et al., 2006), RAPD (Random Amplified
Polymorphism DNA) (PACHECO et al., 2007), sequenciamento de genes nucleares
(MONTEIRO et al., 2000; BARGUES et al., 2002; MARCILLA et al., 2002, DORN et
al., 2009) e mitocondriais (GARCIA;POWELL, 1998; LYMAN et al., 1999;
MONTEIRO et al., 2000; 2004; HYPSA et al., 2002, ALMEIDA et al., 2009).

O sequenciamento de determinados genes permite avaliar de forma direta,
polimorfismos de DNA, fornecendo informagdes para inferéncia filogenética bem
como para a avaliagdo das relagbes entre organismos e populagdes. Diferentes
porcdes do DNA mitocondrial e nuclear evoluem em taxas distintas. Regides que
evoluem rapidamente sdo adequadas para o estudo de organismos muito préximos
e aquelas conservadas sao mais apropriadas para comparacao entre taxons mais
distantes (ABAD-FRANCH;MONTEIRO, 2005). O DNA ribossomal (rDNA) é uma

regido bem conservada e que, recentemente, mostrou-se como um valioso auxilio
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para pesquisas de sistematica e filogenia para organismos préximos ou relacionados
de forma distante e que ndo acumulam mutacdes independentemente — cada
unidade de rDNA evolui de forma sincronizada, podendo ser tratada como um unico
gene (COLEMAN, 2003; NAEGELE et al., 2006).

Os genes ribossomais estdo agrupados como unidades repetitivas em tandem
e nos insetos apresentam de 100 a 1000 copias por genoma. Cada unidade consiste
de regides conservadas transcritas, nas quais estdo os genes para as subunidades
18S, 5,8S e 28S do ribossomo, dois espacadores internos ITS-1 e ITS-2, mais um
espacador externo (ETS) (COLEMAN, 2003).

A regido ITS possui uma taxa de substituicdo nucleotidica mais célere que a
da regido 18S, portanto, apresenta evolugdo mais rapida. A taxa de evolugao mais
lenta da regiao 18S permite que relagbes muito antigas, com aproximadamente 100
milhdes de anos, sejam estudadas. A regido ITS-2 permite estudos de relagbes mais
recentes (cerca de 50 milhdes de anos atras) e € preferencialmente escolhida para
estudos de filogénia e como marcador molecular por possuir sub-regides mais
conservadas (BARGUES, 2000; COLEMAN, 2003).

O DNA mitocondrial (mtDNA) corresponde a um genoma relativamente
simples, de heranga materna e que apresenta taxa de mudanca dez vezes mais
rapida que as substituicdes do DNA nuclear (AVISE et al., 1987). Diferencas nas
sequéncias de nucleotideos de diferentes regides do mtDNA também vém sendo
utilizadas para obtencao de informacéo sobre as relagdes evolutivas e/ou estrutura
populacional de algumas espécies de insetos (XIONG; KOCHER, 1991;
GASPARISH et al., 1995; ZHANG et al., 1995; LEHMANN et al., 2000, MONTEIRO

et al., 2010).
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Diferentes fragmentos de genes mitocondriais que codificam para citocromo-
oxidase | (GARCIA;POWELL, 1998), citocromo b e grande subunidade ribossomal
(LYMAN et al., 1999; MONTEIRO et al., 2000) foram sequenciados € mostraram-se
uteis em estudos filogenéticos de alguns membros (géneros e espécies) da
subfamilia Triatominae.

Garcia et al., (2001), utilizaram fragmentos de genes mitocondriais de 18
espécies de Triatominae, sendo 11 pertencentes ao complexo infestans e outras
sete do género Triatoma, mas de complexo diferente. Ao analisar os fragmentos de
MtDNA de 12S e 16S de genes de rRNA dessas dezoito espécies, bem como o
gene da citocromo oxidase | (COIl) de nove espécies, foi possivel a separagdo das
18 espécies estudadas em dois grupos, sendo que no grupo do T. infestans foi
incluido T. circummaculata. A inclusdo do T. circummaculata no complexo infestans
estd em desacordo com a classificagdo morfolégica inicialmente proposta por Lent e
Wygodzinsky (1979), mostrando a importancia de associar caracteristicas

morfolégicas e moleculares para avaliagdes filogenéticas.
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2 - OBJETIVOS
2.1 - Objetivos gerais

Estudar a relagdo filogenética entre as espécies T. carcavalloi, T.
circummaculata, T. klugi e seis populacbes de T. rubrovaria, por meio do
sequenciamento de fragmentos de genes pertencentes ao DNA mitocondrial e

nuclear.

2.2 - Objetivos especificos

- Amplificar e sequenciar os fragmentos de genes pertencentes ao DNA mitocondrial
COl e CytB;

-Amplificar e sequenciar os fragmentos de genes pertencentes ao DNA nuclear ITS-
1,I1TS-2 e 28S

- Estabelecer a relagdo filogenética entre as populagdes em estudo, de forma
isolada e concatenagao de sequencias, por meio da analise Bayesiana e de Maxima

Parcimoénia.
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3 - MATERIAL E METODOS

As extracbes e amplificacbes de DNA foram realizadas no Laboratério de
Biologia Molecular de Parasitos e Vetores da Faculdade de Ciéncias Farmacéuticas
— UNESP - Araraquara.

O sequenciamento foi realizado em dois equipamentos distintos. Parte do
procedimento foi realizado no equipamento MegaBACE 1000® (GE Healthcare Life
Sciences) no Instituto de Fisica de Sdo Carlos (IFSC-USP), Departamento de Fisica
e Informatica. A outra etapa foi realizada no sequenciador automatico ABI 3730 XL
(Applied Biosystems, Foster City, California (CA)), localizado no CREBIO (Centro de
Recursos Bioldgicos e Biologia Gendmica) da Faculdade de Ciéncia Agrarias e

Veterinarias Campus de Jaboticabal (FCAV/UNESP).

31 Insetos

Foram utilizados exemplares de T. rubrovaria e T. circummaculata coletados
em julho de 2008 no municipio de Quarai (RS) pela equipe da Secretaria de Saude
do Estado Rio Grande do Sul. Dos exemplares oriundos dessa coleta, conseguiu-se
apenas estabelecer colbnia deT. rubrovaria. Os exemplares mortos de T.
circummaculata estdo acondicionados em frasco com alcool 70% a -20°.C,
condi¢des essas que tornam viavel o estudo desses exemplares com ferramentas de
biologia molecular.

T. klugi foi cedido por Dayse da Silva Rocha (IOC). T. carcavalloi também foi
doado pela mesma pesquisadora e é mantido desde 2006 em colbnias, a

temperatura e umidade relativa do ar ambiente, no “Insetario de Triatominae™ da
Faculdade de Ciéncias Farmacéuticas — UNESP — Araraquara. A manuteng¢ao das

colénias é realizada quinzenalmente, por meio de alimentagdo com patos (Anas
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platyrhynchos) ou camundongos albinos (Mus musculus), livres de infecgdo por T.
cruzi.

Em julho de 2010 foram coletados exemplares de T. rubrovaria no municipio
de Alegrete —RS nas localidades de Salso e Estrada dos Pinheiros. A coleta foi
realizada pela equipe da Secretaria de Saude do Estado do Rio Grande do Sul. Os
exemplares foram sacrificados momentos antes da extragcdo do DNA gendmico.

Triatoma platensis € mantido no “Insetario de Triatominae” da Faculdade de
Ciéncias Farmacéuticas — UNESP — Araraquara, sob o registro CTA 147. E
procedente de La Pampa, Argentina, tendo sido coletado em 14/12/1984.

Triatoma guasayana é mantido no “Insetario de Triatominae” da Faculdade de
Ciéncias Farmacéuticas — UNESP — Araraquara, sob o registto CTA 215. E
procedente da Provincia de Tita (Chaco Boliviano), coletado em 2003, sendo cedido
por Cleber Galvao (I0OC-RJ) em 12/07/2010.

As procedéncias dos triatomineos utilizados no presente estudo encontram-se

sumarizadas na Tabela 1.
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Tabela 1: Espécies e procedéncia dos Triatomineos cujo DNA foi extraido e

sequenciado os fragmentos dos genes mitocondriais (CytB e COI) e nucleares (ITS-

1, ITS-2 e 28S).
o Ano de A Identificagao CTA
Espécie Procedéncia . (quando
coleta utilizada e
aplicavel)
T. rubrovaria 2010 Alegrete — RS T.rubrovariaAEP -
(Localidade: Estrada
dos Pinheiros)
T. rubrovaria 2010 Alegrete- RS T.rubrovariaASL -
(Localidade: Salso)
T. rubrovaria 2010 Cangugu - RS T.rubrovariaCAN -
T. rubrovaria 2008 Quarai (Localidade: T.rubrovariaQCJ -
Cerro do Jarau)
T. rubrovaria 2008 Quarai (Localidade:  T.rubrovariaQMA -
Macarrao)
T. rubrovaria 2008 Quarai (Localidade:  T.rubrovariaQRO -
Rosada)
T. klugi 2003 Nova Petrépolis — T.klugi -
RS
T. carcavalloi 2006 Sao Jerbnimo, RS T.carcavalloi -
(Localidade: Fernao
Dias)
T. circummaculata 2008 Quarai (Localidade:  T.circummaculata -
Rosada)
T. platensis 1984 La Pampa — T.platensis 147
Argentina
T. guasayana 2003 Provincia de Tita — T.guasayana 215

Chaco Boliviano




33

MATERIAL E METODOS

3.2 Extracao e estimativa da concentragao do DNA genémico

O tecido de escolha para a extragdo do DNA gendmico foi o da musculatura
da perna, por apresentar menor carga microbiana bem como possuir massa
muscular significativa. Foram excisadas as seis pernas de cada exemplar adulto com
auxilio de instrumentos cirurgicos previamente esterilizados. A extragao foi realizada
servindo-se do protocolo proposto por Bargues e Mas-Coma (1997) e para a
estimativa da concentracdo do DNA gendmico, utilizou-se o equipamento

NanoDrop® 2000 Themo Scientific®, também disponivel no IFSC-USP.

3.3 Iniciadores (Primers)
O fragmento do gene que codifica para o citocromo b (CytB) foi amplificado
pelos mesmos iniciadores utilizados por Monteiro et al. (2003):
CYTB7432F (5-GGACG(AT)GG(AT)ATTTATTATGGATC-3’)

CYTB7433R (5'- GC(AT)CCAATTCA(AG)GTTA(AG)TAA-3)

Para a amplificacdo do fragmento citocromo oxidase | (COIl) foram utilizados
os primers descritos por Pfeiler et al. (2006):
LCO1490f (5°-GGT CAA CAA ATC ATA AAG ATATTG G-3))

HCO2198r (5'-TAA ACT TCA GGG TGA CCA AAA AAT CA-3’)

A amplificacdo do fragmento de gene da grande subunidade ribossomal D2
(28S) foi realizada com os mesmos iniciadores utilizados por Porter e Collins (1996).
Forward: 5 — GCG AGT CGT GTT GCT TGATAG TGC AG -3

Reverse: 5 —TTG GTC CGT GTT TCAAGACGG G -3’
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Para amplificagcdo da regido da regido ITS foram utilizados os seguintes
iniciadores:
Primer 1:
Forward: 5 — TAC ACA CCG CCC GTC GCT ACT A —3'(Jl et al., 2003)
Reverse: 5 — GAG TGA TCC GCC GCT CAG GGT AATA-3’
Primer 2:
Forward: 5 -TTC TGT TGG ACATCACGT TTT TG- 3’

Reverse: 5 — CTG AGC TTC ACG TACTCT TG -3’

Figura 02: Esquema para desenho dos primers para amplificacado da regido ITS. Adaptado

de Coleman (2003).
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Primer1 Primer 2

Fonte: Autor

3.4 Amplificagcao de DNA por PCR (Polymerase Chain Reaction)

As reagdes de PCR foram realizadas em um termociclador Gene Amp PCR
System 9700 Applied Biosystems™, com um volume final de 50uL com os seguintes
componentes: aproximadamente 100ng de DNAg (molde), 100uM de dNTP (dATP,

dGTP, dTTP, dCTP), 10 picomoles de cada iniciador (primer), 2mM de cloreto de
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magnésio, 1U de enzima de alta fidelidade High Fidelity PCR Enzyme Mix®
(Fermentas) e tampéao 10X, parte integrante da enzima.

Todas as reagdes foram acompanhadas de um controle negativo, formado por
todos os compostos da reagao, com exce¢ao do DNA gendmico, cujo volume foi
substituido por agua Milli-Q estéril.

As condigbes para a amplificagdo do fragmento do gene Citocromo B
(MONTEIRO et al., 2003) foram: 94° C por cinco minutos (desnaturacgdo inicial)
seguidos por 40 ciclos compreendendo 94°C por 45 segundos (desnaturagao), 50°C
por 45 segundos (anelamento), 72°C por um minuto (extensao) e finalizando com
um ciclo a 72°C por sete minutos (extensao final).

Para o fragmento do gene COIl (PFEILER et al., 2006), as condi¢cdes para a
amplificagao foram: 94°C por trés minutos, seguidos por 30 ciclos contendo 94°C por
um minuto (desnaturagao), 45°C por um minuto (anelamento) e 72°C por um minuto
(extensao), seguidos por uma extensao final de 10 minutos.

Para o 28S (D2) (PORTER;COLLINS, 1996) as condi¢cbes foram: 94° C por
cinco minutos (desnaturacgao inicial) seguidos por 40 ciclos compreendendo 94°C
por 45 segundos (desnaturacgao), 53°C por 45 segundos (anelamento), 72°C por um
minuto (extensao) e finalizando com um ciclo a 72°C por sete minutos (extensao
final).

A amplificacdo do ITS-2 foi realizada nas seguintes condi¢des: 94°C por cinco
minutos (desnaturagao inicial) seguidos por 40 ciclos compreendendo 94°C por 45
segundos (desnaturacao), 56°C por dois minutos (anelamento), 72°C por um minuto
(extensao) e finalizando com um ciclo a 72°C por sete minutos (extensao final).

Para a amplificagao do ITS-1, foram obedecidas as seguintes condigdes: 94°

C por cinco minutos (desnaturacao inicial) seguidos por 40 ciclos compreendendo
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94°C por 45 segundos (desnaturagado), 53°C por dois minutos (anelamento), 72°C
por um minuto (extensdo) e finalizando com um ciclo a 72°C por sete minutos
(extensao final).

A confirmagéo da reagédo de amplificagao foi realizada em eletroforese em gel
de Agarose a 1.5%, corada por brometo de etidio e observada em luz UV no

equipamento Alpha Imager EP Multiimage 1©, Alpha Innotech .

3.5 Purificagao dos fragmentos amplificados

Os fragmentos amplificados foram purificados com o Kit "lllustra™ GFX PCR
DNA and Gel Band Purification Kit” (GE Health Care Inc.) e com o kit NucleoSpin®
Extract Il Kit (Macherey-Nagel GmbH; Co. KG), ambos de acordo com as instrugbes
do fabricante.

Ap0s a purificagao foi realizada eletroforese em gel de agarose a 1,5% corado

com brometo de etidio com o intuito de verificar a qualidade do produto obtido.

3.6 Sequenciamento

Os produtos de PCR obtidos foram sequenciados a partir das extremidades
para gerar sequéncias consenso (foward e reverse) aumentando, portanto, a
confiabilidade das sequéncias obtidas. A reacdo de sequenciamento foi feita com o
Kit DYEnamic ET para MegaBACE 1000® (GE Healthcare Life Sciences) e com

BigDye3.1 (Applied Biosystems), conforme instru¢des do fabricante.
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3.7 Forma de Analise dos Resultados

A qualidade das sequéncias obtidas foi avaliada por meio da analise do
eletroferograma no programa BioEdit Sequence Alignment Editor® V. 7.0.9.0 (Hall,
1998).

Apos a anadlise da qualidade, as sequéncias foward e reverse de cada
exemplar foram alinhadas para obtencdo de uma sequéncia consenso e este
produto, posteriormente foi realinhado com todos os demais exemplares. Este
procedimento foi realizado com os cinco marcadores em estudo (CytB, COlI, 28S,
ITS-1 e ITS-2).

Foram utilizadas duas metodologias para inferir a filogenia: a analise
bayesiana foi realizada no programa MrBayes 3.1 e a analise de parcimbénia maxima
no PAUP 4.0.

Para viabilizar a analise filogenética incluiram-se outras espécies de

triatomineos disponiveis no GenBank (Tabela 2).
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Tabela 2: Sequencias de DNA utilizadas para estabelecer as relagdes filogenéticas

entre as espécies e populagdes. “NE"= obtidas neste estudo; “?” =sequéncias nao

disponiveis no GenBank®.

Triatomineos CytB Ccol ITS-1 ITS-2 28S
T. rubrovariaAEP NE NE NE NE NE
T. rubrovariaASA NE NE NE NE NE
T. rubrovariaCAN NE NE NE NE NE
T. rubrovariaQCJ NE NE NE NE NE
T. rubrovariaQMA NE NE NE NE NE
T. rubrovariaQRO NE NE NE NE NE
T. klugi NE NE NE NE NE
T. carcavalloi NE NE NE NE NE
T. circummaculata NE NE NE NE NE
T. platensis NE NE NE NE NE
T. guasayana NE NE NE NE NE
P. megistus AF045722 AF021182 ? ? ?
T. dimidata FN641816 JQ575030 ? ? ?
T. longipennis DQ198815 DQ198804 ? ? ?
T. recurva DQ198812 DQ198803 ? ? ?
T. mazzotti DQ198816 DQ198805 ? ? ?
T. rubida sonoriana DQ198810 DQ198800 ? ? ?
T. sordida 1 HQ333243 AF021216 AJ576063 AJ576063 ?
T. sordida 2 HQ333242 AF021210 ? ? ?
T. sherlocki EU489058 ? ? ? ?
T. infestans 1 JNO06798 HQ437704 HQ437706 ADS576054 GQ853396
T. infestans 2 AY702020 HQ437703
T. brasiliensis haplotipoa * AY336524 AF021184 ? ? ?
T. brasiliensis haplotipo b *  AY494140 AF021184 ? ? ?
T. brasiliensis haplotipoD*  AY494166 ? ? ? ?
T. brasiliensis haplotipoE*  AY494167 ? ? ? ?
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Tabela 2: continuacao

Triatomineos CytB Col ITS?1 ITS?2 28S
T. brasiliensis haplétipo H*  AY336527 ? ? ? ?
T. brasiliensis haplétipo | *  AY494170 ? ? ? ?
T.protracta ? ? ? ? FJ230603

** Haplotipos de T. brasiliensis segundo Monteiro et al (2004), posteriormente redefinido
como: D,E =T. juazeirensis e H, | = T. melanica (COSTA et al., 2006; COSTA;FELIX 2007).
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4 - RESULTADOS
4.1 — Extragao do DNA total

O DNA total foi extraido de trés exemplares adultos de T. carcavalloi, T.
circummaculata, T. klugi, T. rubrovaria, T. platensis e T. guasayana, utilizando o
protocolo modificado proposto por Bargues e Mas-Coma (1997).

O produto final da extracdo foi ressuspendido em 100uL de agua Milli-Q
estéril e entdo a com 3l de DNAg realizou-se a eletroforese em gel de agarose 1%,

com o intuito de avaliar a integridade e a qualidade do DNAg extraido (Figura 3).

Figura 03: Eletroforese em gel de agarose 1%, corado com brometo de etidio, da extragéo
do DNAg de trés exemplares de cada populagado estudada: T. rubrovaria procedente de
Quarai — Cerro do Jarau (1 a 3), T. rubrovaria procedente de Quarai — Rosada (4 a 6), T.
rubrovaria procedente de Quarai — Macarrdo (7 a 9), T. circummaculata (10 a 12), T. klugi
(13 a 15), T. platensis (16 a 18) T. carcavalloi (19 a 21), T. rubrovaria procedente de
Alegrete — Estrada dos Pinheiros (22 a 24), T. rubrovaria procedente de Alegrete — Salso (25
a 27), T. guasayana (28 a 30) e T. rubrovaria procedente de Cangucgu (31 a 33).

1 2 3 4 5 6 7 8 9 12 13 14 15

10 1
—r. e Bl — — - v '_ '. Lo

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

Fonte: Autor
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4.2 - Isolamento (PCR) e purificagao dos fragmentos de interesse

Os fragmentos amplificados foram purificados e avaliados em gel de agarose
a 1%. Os fragmentos relativos aos genes CytB, COIl e 28S apresentaram cerca de
700 pares de bases -pb (Figuras 04, 05 e 06, respectivamente), resultados que
estdo em conformidade com aqueles obtidos pelos autores que desenvolveram os
primers anteriormente (MONTEIRO et al., 2003; PFEILER et al., 2006; PORTER,;
COLLINS, 1996). Os fragmentos amplificados para o ITS-1 e ITS-2 apresentam

cerca de 1000 pb (Figuras 07 e 08, respectivamente).
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Figura 04: Produto de PCR de isolamento do fragmento do gene CytB para as espécies: T.
rubrovaria procedente de Quarai — Cerro do Jarau (1 a 3),

T. rubrovaria procedente de

Quarai — Rosada (4 a 6), T. rubrovaria procedente de Quarai — Macarrdo (7 a 9), T.
circummaculata (10 a 12), T. klugi (13 a 15), T. platensis (16 a 18) T. carcavalloi (19 a 21),
T. rubrovaria procedente de Alegrete — Estrada dos Pinheiros (22 a 24), T. rubrovaria
procedente de Alegrete — Salso (25 a 27), T. guasayana (28 a 30) e T. rubrovaria

procedente de Cangucu (31 a 33). O peso molecular (PM) utilizado foi O’GeneRuler 1Kb
DNA Ladder Plus (Fermentas®).
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700 pb e - — — e —
PM 15 16 17 18 19 20 21
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-
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23
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25 26 27 28

lu
!l

R B |
!

30 3

32

33

Fonte: Autor
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Figura 05: Produto de PCR de isolamento do fragmento do gene COIl para as espécies: T.
rubrovaria procedente de Quarai — Cerro do Jarau (1 a 3), T. rubrovaria procedente de
Quarai — Rosada (4 a 6), T. rubrovaria procedente de Quarai — Macarrdo (7 a 9), T.
circummaculata (10 a 12), T. klugi (13 a 15), T. platensis (16 a 18) T. carcavalloi (19 a 21),
T. rubrovaria procedente de Alegrete — Estrada dos Pinheiros (22 a 24), T. rubrovaria
procedente de Alegrete — Salso (25 a 27), T. guasayana (28 a 30) e T. rubrovaria
procedente de Cangucgu (31 a 33). O peso molecular (PM) utilizado foi O’GeneRuler 1Kb
DNA Ladder Plus (Fermentas®).

PM 1 2 3 4 S 6 7 PM 8 9 10 11 12 13 14
=3
700 pb > . e G S T e —
500 pb—->
PM 15 16 17 18 19 20 21 PM 22 23 24 25 26 27 28
L
’ ~ -,
700 pb, ___ 700pb S
— — —— — - —
500 pb——-> e 500 pb———> s

Fonte: Autor
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Figura 06: Produto de PCR de isolamento do fragmento do gene 28S para as espécies: T.
rubrovaria procedente de Quarai — Cerro do Jarau (1 a 3), T. rubrovaria procedente de
Quarai — Rosada (4 a 6), T. rubrovaria procedente de Quarai — Macarrdo (7 a 9), T.
circummaculata (10 a 12), T. klugi (13 a 15), T. platensis (16 a 18) T. carcavalloi (19 a 21),
T. rubrovaria procedente de Alegrete — Estrada dos Pinheiros (22 a 24), T. rubrovaria
procedente de Alegrete — Salso (25 a 27), T. guasayana (28 a 30) e T. rubrovaria
procedente de Cangucu (31 a 33). O peso molecular (PM) utilizado foi O’GeneRuler 1Kb
DNA Ladder Plus (Fermentas®).

M 22 23 24 25 26 27 28

d
o
— TOOPh o e e w— o — — —
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Smm—’ C— S— — C— G— - — - -
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—1

N—
700 . —— — — —
500 plr=——-> s
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Figura 07: Produto de PCR de isolamento do fragmento do ITS-1 para as espécies: T.
rubrovaria procedente de Quarai — Cerro do Jarau (1 a 3), T. rubrovaria procedente de
Quarai — Rosada (4 a 6), T. rubrovaria procedente de Quarai — Macarrdo (7 a 9), T.
circummaculata (10 a 12), T. klugi (13 a 15), T. platensis (16 a 18) T. carcavalloi (19 a 21),
T. rubrovaria procedente de Alegrete — Estrada dos Pinheiros (22 a 24), T. rubrovaria
procedente de Alegrete — Salso (25 a 27), T. guasayana (28 a 30) e T. rubrovaria
procedente de Cangucu (31 a 33). O peso molecular (PM) utilizado foi O’GeneRuler 1Kb
DNA Ladder Plus (Fermentas®).

PM 1 2 3 4 5 6 7 PM 8 9 10 11 12 13 14
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1000 pb——> Bes — Pb—
700pb—>§ PR Y S T — .
- -
-
PM 15 16 17 18 19 20 21 PM 22 23 24 25 26 27 28

1000 pb——3 "7 wee s ey S v — - 1000 pb——
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Figura 08: Produto de PCR de isolamento do fragmento do ITS-2 para as espécies:
T. rubrovaria procedente de Quarai — Cerro do Jarau (1 a 3), T. rubrovaria
procedente de Quarai — Rosada (4 a 6), T. rubrovaria procedente de Quarai —
Macarrdo (7 a 9), T. circummaculata (10 a 12), T. klugi (13 a 15), T. platensis (16 a
18) T. carcavalloi (19 a 21), T. rubrovaria procedente de Alegrete — Estrada dos
Pinheiros (22 a 24), T. rubrovaria procedente de Alegrete — Salso (25 a 27), T.
guasayana (28 a 30) e T. rubrovaria procedente de Cangucgu (31 a 33). O peso molecular
(PM) utilizado foi O"GeneRuler 1Kb DNA Ladder Plus (Fermentas®).

PM 1 2 3 4 5 6 7 PM 8 9 10 11 12 13 14
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4.3 — Sequenciamento

Os produtos da PCR purificados foram processados nos sequenciadores
automaticos MegaBACE 1000® (GE Healthcare Life Sciences) e ABI 3730 XL
(Applied Biosystems, Foster City, California - CA). A qualidade das sequéncias foi
avaliada por meio da analise do eletroferograma no programa BioEdit Sequence
Alignment Editor® V. 7.0.9.0 (Hall, 1998).

Apos a anadlise da qualidade, as sequéncias forward e reverse de cada
exemplar foram alinhadas para obtencdo de uma sequéncia consenso. Apds o
alinhamento, realizou-se novo alinhamento com todos os exemplares analisados

para cada fragmento de gene (Figuras 09, 10, 11, 12 e 13).
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Figura 09: Alinhamento realizado no programa Clustal W das sequéncias obtidas
pela amplificagdo do fragmento COIl (554 pb) e de sequéncias disponiveis no

GenBank. As procedéncias podem ser verificadas na Tabela 2.

10 20 30 40 50 60 70 80 90 100
D P e L e e e e e T e

TrubrovariaALG AACTAGGACAACCAGGGTCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
TrubrovariaQSA AACTAGGACAACCAGGGTCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
TrubrovariaCAN AACTAGGACAACCAGGATCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTTATTATAATTTTCTTCATAGTTATACCAAT
TrubrovariaQCJ AACTAGGACAACCAGGGTCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
TrubrovariaQMA AACTAGGACAACCAGGGTCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
TrubrovariaQRO AACTAGGACAACCAGGGTCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
Tcircummaculata AACTAGGACAACCAGGATCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
Tklugi AACTAGGACAACCAGGATCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
Tcarcavalloi AACTAGGACAACCAGGATCCTTCATTGGAGACGATCAAATTTACAATGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
Tplatensis AACTAGGACAACCAGGATCTTTTATTGGAGATGACCAAATCTATAACGTTATTGTCACAGCCCATGCCTTTATTATAATTTTCTTCATAGTTATACCAAT
Tguasayana AGCTAGGTCAACCTGGGTCCTTCATTGGAGACGACCAAATTTACAACGTCATCGTTACAGCCCATGCCTTCATTATAATTTTCTTCATAGTTATACCAAT
Tdimidiata AGTTAGGACAACCTGGATCATTTATTGGAGACGACCAAATTTATAATGTAGTTGTAACAGCCCATGCCTTCGTCATAATTTTCTTCATAGTTATACCCAT
Tlongipennis AATTAGGACAACCCGGATCATTTATTGGAGATGATCAAATTTACAATGTAGTTGTAACAGCCCATGCCTTTGTAATAATTTTCTTCATAGTTATACCAAT
Trubidasonoriana AACTAGGACAACCAGGATCTTTCATTGGAGATGACCAAATTTATAACGTAGTAGTAACAGCTCACGCCTTCATTATAATTTTCTTCATAGTTATACCAAT
Tmazzottii AATTAGGACAACCCGGATCATTTATCGGAGATGACCAAATTTACAATGTAGTTGTAACAGCTCATGCTTTCGTAATAATTTTCTTCATAGTAATGCCAAT
Trecurva AATTAGGACAACCTGGATCATTTATTGGAGATGATCAAATCTATAATGTAGTTGTGACAGCTCATGCTTTTGTAATAATTTTTTTCATAGTCATACCAAT
Tinfestansl
Tinfestans2
Tsordidal AACTAGGCCAACCCGGGTCCTTCATTGGAGACGATCAGATTTACAATGTCATCGTTACAGCCCATGCCTTCATTATAATTTTCTTCATAGTTATACCAAT
Tsordida2 AACTAGGTCAACCCGGGTCCTTCATTGGAGACGACCAAATTTACAACGTCATCGTTACAGCCCATGCCTTCATTATAATTTTCTTCATAGTTATACCAAT
Pmegistus AATTGGGACAACCTGGATCTTTTATTGGAGATGATCAAATTTATAATGTCGTAGTTACAGCCCATGCTTTTATTATAATTTTCTTCATAGTTATGCCTAT
Tsherlocki
Tbrasiliensisa AACTAGGACAACCCGGATCCTTTATTGGAGATGATCAAATCTATAACGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATGCCAAT
Tbrasiliensisb AACTAGGACAACCCGGATCCTTTATTGGAGATGATCAAATCTATAACGTTGTTGTCACAGCCCATGCTTTCATTATAATTTTCTTCATAGTTATACCAAT
TjuazeirensisE
TjuazeirensisD
Tmelanical
TmelanicaH

110 120 130 140 150 160 170 180 190 200

e T e e Y T I

TrubrovariaALG TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
TrubrovariaQSA TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAATAACATAAGATTCTGACTATTACCT
TrubrovariaCAN TATGATTGGGGGATTCGGGAATTGACTAGTGCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
TrubrovariaQCJ TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
TrubrovariaQMA TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
TrubrovariaQRO TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
Tcircummaculata TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATCGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
Tklugi TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATTGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
Tcarcavalloi TATGATTGGAGGATTCGGAAATTGACTAGTCCCCTTAATAATTGGAGCCCCAGATATAGCATTCCCACGTATAAACAACATAAGATTCTGATTATTACCC
Tplatensis TATAATTGGAGGCTTCGGTAACTGACTAGTTCCCTTAATAATTGGAGCTCCAGATATGGCATTCCCTCGTATAAACAATATAAGATTCTGATTACTCCCC
Tguasayana CATGATTGGGGGATTCGGAAATTGATTAGTCCCTTTAATGATCGGAGCTCCAGACATAGCATTCCCACGAATGAATAATATAAGATTCTGACTTTTACCC
Tdimidiata TATAATTGGAGGCTTTGGAAACTGACTTGTACCCTTAATAATTGGTGCCCCAGACATAGCATTCCCTCGAATAAATAATATAAGATTTTGGCTCCTACCC
Tlongipennis CATAATTGGAGGTTTTGGAAACTGACTTGTACCCTTAATAATCGGTGCCCCAGATATAGCATTCCCTCGAATAAATAATATAAGATTTTGACTTCTTCCC
Trubidasonoriana TATAATTGGTGGATTCGGAAATTGATTAGTCCCATTAATAATCGGAGCACCTGATATAGCATTCCCACGAATAAATAATATAAGATTCTGATTACTCCCA
Tmazzottii TATAATCGGAGGTTTCGGTAATTGACTCGTACCCTTAATAATTGGTGCTCCAGATATAGCATTCCCCCGAATAAATAATATAAGATTTTGACTCCTACCC
Trecurva TATAATTGGAGGTTTCGGAAACTGACTTGTACCTTTAATAATTGGTGCCCCAGATATAGCATTCCCTCGAATAAATAATATAAGATTTTGACTTCTCCCC
Tinfestansl CCCTCGTATAAACAATATAAGATTCTGATTACTCCCC
Tinfestans2 CCCTCGTATAAACAATATAAGATTCTGATTACTCCCC
Tsordidal CATGATTGGAGGATTCGGAAATTGATTAGTCCCCTTAATGATTGGAGCCCCAGACATAGCATTCCCACGAATGAATAATATAAGATTCTGACTCTTACCC
Tsordida2 CATGATCGGAGGATTTGGAAATTGATTAGTCCCTTTAATGATTGGAGCTCCAGACATGGCATTCCCACGAATGAATAATATAAGATTCTGACTTTTACCC
Pmegistus TATAATTGGAGGTTTCGGAAATTGATTAGTACCCTTAATAATCGGGGCACCAGACATAGCATTCCCTCGAATAAATAATATAAGATTTTGACTTTTACCC
Tsherlocki
Tbrasiliensisa CATAATCGGAGGATTCGGAAACTGATTAGTCCCCCTAATAATTGGAGCCCCAGACATAGCATTCCCACGTATAAATAACATAAGATTCTGATTATTACCC
Tbrasiliensisb CATAATCGGAGGATTCGGAAACTGATTAGTCCCCCTAATAATTGGAGCCCCAGACATAGCATTCCCACGTATAAATAACATAAGATTCTGACTATTACCC
TjuazeirensisE
TjuazeirensisD
Tmelanical
TmelanicaH

Fonte: Autor
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Figura 09: Continuacao
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CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGGGCAGGAACAGGTTGAACTGTATACCCGCCTCTATCAAGCAATATTGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGGGCAGGAACAGGTTGAACTGTATACCCGCCCCTATCAAGCAATATTGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTTGAAAGAGGGGCTGGGACAGGTTGAACTGTATACCCACCTCTATCAAGCAATATCGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGGGCAGGAACAGGTTGAACTGTATACCCGCCTCTATCAAGCAATATTGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGGGCAGGAACAGGTTGAACTGTATACCCGCCTCTATCAAGCAATATTGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGGGCAGGAACAGGTTGAACTGTATACCCGCCTCTATCAAGCAATATTGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTATACCCGCCTCTATCAAGCAATATCGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTATACCCACCTCTATCAAGTAATATCGCCCACAGAG
CCAGCCCTAACCCTTCTCCTTATAAGAAGACTAGTAGAAAGAGGAGCAGGAACAGGTTGAACTGTATACCCACCTCTATCAAGTAATATCGCCCACAGAG
CCAGCCCTCACTTTACTTCTTATAAGAAGCTTAGTCGARAAGAGGGGCAGGGACAGGCTGAACAGTATACCCTCCTCTATCAAGTAATGTTGCCCACAGAG
CCAGCCCTAACCCTCCTCCTTATAAGAAGACTAGTCGARAGAGGAGCAGGAACAGGTTGAACCGTGTATCCTCCTTTATCAAGCAATATCGCTCACAGAG
CCAGCATTAACCCTCCTCCTAGTCAGAAGATTAGTAGAAAGAGGAGCTGGAACAGGATGAACAGTTTACCCTCCCCTATCAAGAAATATCGCACATAGAG
CCAGCCCTTACTCTCTTACTAGTAAGAAGACTTGTAGAAAGAGGAGCCGGAACAGGATGAACAGTTTACCCACCTTTATCAAGCAATATCGCACATAGAG
CCATCACTAACGCTACTCCTTATAAGTAGATTAGTAGAAAGAGGTGCAGGAACTGGATGAACAGTATATCCACCACTATCAAGAAATATTGCACACAGAG
CCAGCCCTGACTTTACTATTAGTTAGAAGACTCGTAGAAAGAGGAGCTGGAACAGGATGAACAGTATATCCCCCACTATCAAGAAATATTGCACACAGAG
CCAGCCCTTACCCTCTTATTAGTAAGCAGACTCGTAGAGAGAGGAGCCGGAACAGGATGAACAGTCTATCCCCCTTTATCGAGCAATATCGCACATAGAG
CCAGCCCTTACTTTACTTCTTATAAGAAGCTTAGTCGAAAGAGGGGCAGGAACAGGCTGAACAGTATACCCTCCTCTATCAAGTAATGTTGCCCACAGAG
CCAGCCCTTACTTTACTTCTTATAAGAAGCTTAGTCGAAAGAGGGGCAGGGACAGGCTGAACAGTATACCCTCCTCTATCAAGTAATGTTGCCCACAGAG
CCAGCCCTAACCCTACTCCTTATAAGAAGACTAGTCGARAGAGGAGCAGGAACAGGTTGAACTGTATACCCTCCTTTATCAAGCAATATCGCTCACAGAG
CCAGCCCTAACCCTCCTCCTTATAAGAAGACTAGTCGARAGAGGAGCAGGAACAGGTTGAACTGTATATCCTCCTTTATCAAGCAATATCGCTCATAGAG
CCAGCCTTAACCTTACTATTAATAAGAAGCCTCGTAGAAAGAGGAGCTGGAACTGGATGAACAGTTTACCCCCCTCTATCTAGAAATATTGCCCATAGAG

220 230 240 250 260 270 280 290 300

CCAGCCTTAACCTTACTCCTCATAAGAAGTTTGGTAGAAAGCGGAGCAGGAACAGGATGAACAGTATACCCACCCTTATCAAGTAATATCGCCCACAGAG
CCAGCCTTAACCTTACTCCTTATAAGAAGTTTGGTAGAAAGCGGAGCAGGGACAGGATGAACAGTATACCCGCCCTTATCAAGTAATATCGCCCACAGAG

310 320 330 340 350 360 370 380 390 400
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GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATTATTAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCTGTGAATTTTATCTCAACTATTATCAACATACGACC
GAGCATCTGTTGATCTAGCCATCTTCTCCCTTCACTTAGCAGGAGTATCATCAATTCTTGGAGCCGTAAATTTTATCTCAACTATCATCAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATTATTAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATTATTAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCTGTGAATTTTATCTCAACTATTATCAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATCATCAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATCATCAACATACGACC
GAGCATCTGTTGATTTAGCCATCTTCTCCCTTCACCTAGCAGGAGTATCATCAATTCTTGGAGCCGTGAATTTTATCTCAACTATCATCAACATACGACC
GAGCGTCTGTAGATCTCGCCATCTTCTCACTTCACTTAGCAGGAGTATCATCTATCCTTGGAGCCGTTAACTTCATTTCAACTATTATTAACATACGACC
GGGCATCCGTTGATTTAGCAATCTTCTCCCTTCACCTAGCGGGTATCTCATCAATTCTTGGAGCTGTAAACTTTATTTCAACCATTATTAATATACGACC
GAGCATCAGTAGATATAGCAATTTTCTCATTACACTTAGCCGGAGTCTCATCAATTCTAGGAGCAGTAAATTTTATCTCTACCATTATTAATATACGCCC
GAGCATCCGTAGATATAGCAATCTTCTCATTACATTTAGCTGGAGTATCATCAATTCTAGGAGCAGTAAACTTTATTTCTACCATTATTAATATACGACC
GAGCATCAGTAGATTTAGCAATTTTCTCACTACACTTAGCTGGTGTATCATCAATTTTAGGAGCTGTAAACTTTATTTCTACAATCATTAATATACGACC
GAGCATCCGTGGATATAGCAATCTTCTCATTACACTTAGCCGGAGTATCATCAATTCTAGGAGCAGTGAACTTTATTTCCACCATTATTAATATACGCCC
GAGCATCTGTAGATATAGCAATCTTCTCATTACACCTAGCCGGAGTATCATCAATTCTAGGAGCAGTGAATTTTATTTCTACCATTATTAATATACGACC
GAGCGTCTGTAGATCTCGCCATCTTTTCACTTCACTTAGCAGGAGTATCATCTATCCTTGGAGCCGTTAACTTCATTTCAACTATTATTAACATACGGCC
GAGCGTCCGTAGATCTCGCCATCTTCTCACTTCACTTAGCAGGAGTATCATCTATCCTTGGAGCCGTTAACTTCATTTCAACTATTATTAACATACGGCC
GAGCATCCGTTGACTTAGCAATCTTTTCCCTCCACCTAGCAGGAGTCTCATCAATTCTTGGAGCTGTAAACTTTATTTCAACCATTATCAATATACGACC
GAGCATCCGTTGACCTAGCAATCTTTTCTCTCCACCTAGCAGGAGTATCATCAATTCTTGGAGCTGTAAACTTTATTTCAACCATTATCAATATACGACC
GAGCATCAGTAGATTTAGCTATCTTTTCCTTACATTTAGCAGGAGTATCATCAATTCTTGGAGCAGTAAACTTTATTTCAACAATTATTAATATACGTCC

GAGCATCTGTTGACCTAGCAATCTTTTCCCTTCACTTAGCAGGTGTATCATCCATCCTCGGGGCTGTAAACTTCATTTCAACTATCATTAATATACGACC
GAGCATCTGTTGACCTAGCAATCTTTTCTCTTCACTTAGCAGGTGTATCCTCCATCCTCGGGGCTGTAAACTTCATTTCAACTATCATTAATATACGACC
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Figura 09: Continuacao
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CGAAGGTATACGACCAGATCGAATCCCCTTATTCGTGTGATCAGTCGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
CGAAGGTATACGACCAGATCGAATCCCCTTATTCGTGTGATCAGTTGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
TGAGGGTATACGACCAGATCGAATCCCCTTATTCGTATGATCAGTTGGCATTACTGCCCTATTATTACTATTAAGCCTTCCTGTTCTTGCTGGAGCAATT
CGAAGGTATACGACCAGATCGAATCCCCTTATTCGTGTGATCAGTCGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
CGAAGGTATACGACCAGATCGAATCCCCTTATTCGTGTGATCAGTCGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
CGAAGGCATACGACCAGATCGAATCCCCTTATTCGTGTGATCAGTTGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
CGAAGGTATACGACCAGATCGAATCCCCTTGGTCAACAAATCTCAAGATATTTGTGCCCTATTATTTGGTCTAAGCTCACCTGTTCTTGGTAGAGCATTT
TGAAGGTATACGACCAGATCGAATCCCCTTATTCGTATGATCAGTTGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
TGAAGGTATACGACCAGATCGAATCCCCTTATTCGTATGATCAGTTGGTATTACTGCCCTATTATTACTACTAAGCCTTCCTGTTCTTGCTGGAGCAATT
AGAAGGAATACGACCAGACCGAATTCCCCTATTTGTATGATCAGTAGGAATCACTGCCCTCCTTCTACTTTTAAGACTTCCTGTCCTTGCCGGAGCAATT
TGAAGGTATACAGCCAGAACGAATCCCCTTATTTGTATGATCAGTAGGTATCACCGCCCTTTTATTACTTCTAAGTCTTCCTGTTCTCGCCGGAGCTATC
CGCAGGTATACGACCTGATCGAATTCCATTATTTGTCTGATCAGTAGGTATTACTGCCCTCTTATTACTTCTAAGACTCCCTGTCCTTGCAGGAGCTATT
TGCAGGTATACGCCCAGATCGTATTCCCTTATTTGTTTGATCAGTAGGAATTACTGCCCTCCTATTACTTTTAAGACTCCCTGTCCTTGCAGGAGCTATT
CGCAGGAATACGACCCGACCGAATCCCTCTATTTGTCTGATCAGTAGGAATTACTGCACTTCTTCTTCTATTAAGACTCCCTGTTCTTGCAGGAGCAATC
CGCAGGTATACGCCCAGATCGTATCCCCCTATTTGTTTGATCAGTAGGTATTACTGCACTCCTATTACTTCTAAGACTTCCTGTACTCGCAGGAGCCATC
TGCAGGTATACGTCCAGATCGTATTCCATTATTTGTTTGATCAGTAGGTATTACTGCCCTTCTTCTACTCCTAAGACTCCCCGTCCTCGCTGGAGCCATT
AGAAGGAATACGACCAGACCGAATTCCCCTATTTGTATGATCAGTAGGAATCACTGCCCTCCTTCTACTTTTAAGACTTCCTGTCCTTGCCGGAGCAATT
AGAAGGAATACGACCAGACCGAATCCCCCTATTTGTATGATCAGTAGGAATCACTGCCCTCCTTCTACTTTTAAGACTTCCTGTCCTTGCCGGAGCAATT
TGAAGGTATACAGCCAGAACGAATCCCCTTATTTGTATGATCAGTAGGTATCACCGCCCTCTTATTACTTTTAAGCCTTCCTGTTCTCGCTGGAGCTATT
TGAAGGTATGCAGCCAGAACGAATCCCCTTATTTGTATGATCAGTTGGTATCACCGCCCTCTTATTACTTCTAAGTCTCCCTGTTCTCGCTGGAGCTATC
CACAGGAATACGACCAGATCGAATTCCACTATTTGTATGATCTGTAGGAATTACCGCTCTCCTTCTCCTTTTAAGTTTACCAGTCCTAGCAGGAGCTATT

TGAAGGAATACGACCAGACCGAATCCCCTTATTCGTATGATCAGTTGGTATTACTGCCTTACTCCTGCTCTTAAGACTCCCAGTTCTTGCCGGAGCAATT
TGAAGGAATGCGGCCAGACCGAATCCCCTTATTCGTATGATCAGTTGGCATTACTGCCTTACTCCTGCTTTTAAGACTCCCAGTTCTTGCTGGAGCAATT

510
e T e
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCCGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCCGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTTGACCCAGCAGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCCGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCCGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCCGGA
GCTATATTAGTAGCTGACCGAATGGGGCATACATCATTCAGAAAGTCAGCTCGC
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTTGACCCGTCAGGA
ACTATACTATTAACTGACCGAAACTTTAATACATCATTCTTTGACCCAGCAGGA
ACTATACTATTAACTGATCGAAACTTCAACACATCATTCTTTGACCCAGCAGGA
ACCATATTACTAACTGACCGAAATTTCAATACATCATTCTTCGACCCAGCAGGT
ACAATACTTTTAACAGACCGAAACTTTAACACTTCATTCTTTGACCCAGCTGGA
ACAATACTTTTAACAGATCGAAACTTCAATACTTCATTCTTTGACCCAGCTGGA
ACCATATTATTAACTGACCGAAATTTTAATACATCATTCTTTGACCCTGCAGGA
ACAATACTTTTAACAGATCGAAACTTTAATACTTCATTCTTTGACCCTGCAGGA
ACAATACTCTTAACAGATCGAAACTTTAACACCTCATTTTTCGACCCAGCTGGA
ACTATACTATTAACTGATCGAAACTTCAACACATCATTCTTTGACCCAGCAGGA
ACTATACTATTAACTGATCGAAACTTCAACACATCATTCTTTGACCCAGCAGGA
ACTATGTTACTAACTGACCGAAACTTTAATACATCATTCTTCGACCCAGCGGGT
ACCATATTACTAACTGACCGAAATTTTAATACATCATTCTTCGACCCAGCAGGT
ACAATACTTTTAACAGATCGAAACTTTAATACTTCATTTTTTGACCCAGCCGGA

520 530 540 550

ACCATATTACTTACTGACCGAAACTTCAATACTTCATTCTTCGACCCAGCTGGA
ACCATATTACTTACTGACCGAAACTTCAATACTTCATTCTTCGACCCAGCTGGG
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Figura 10: Alinhamento realizado no programa Clustal W das sequéncias obtidas

pela amplificacdo do fragmento CytB (444 pb) e de sequéncias disponiveis no

GenBank.

As procedéncias podem ser verificadas na Tabela 2.
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TGAGGACAAATATCCCTCTAGGGAGCCACAGTTATTACTAACCTGAATCGGAGAA CCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGGGGAT
TGAGGACAAATATCCCTTTGGGGAGCCACAGTTATTACTAACCTGAATTGGTGCCTCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGGGGAT
TGAGGACAAATATCCCTCTGAGGAGCCACAGTTATTACTAATCTGCTTTGGGGCATCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGGGGAT
TGAGGACAAATATCCCTTCAGGGAGCCACAGTTATTACTAACCTGAATCGGGGCCTCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGGGGAT
TGAGGACAAATATCCCTTTGGGGAGCCACAGTTATTACTAACCTGAATTGGTGCCTCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGGGGAT
TGAGGACAAATATCCCTTTGGGGAGCCACAGTTATTACTAACCTGAATTGGGGCCTCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGAGGAT
TGAGGACAAATATCCCTTTGGGGAGCCACAGTTATTACTAACCTGATTTGGGGCATCCCATATTTAGGTAACGAACTTGTAAAATGATTATGAGGAGGAT
TGAGGACAAATATCCCTTTGAGGAGCTACAGTTATTACCATTCTCCTATCCGCTATCCCATATCTAGGTAACGAACTTGTAAAATGATTATGAGGAGGAT
TGAGGACAAATATCCTTATGAGGAGCCACAGTTATTACTAACCTCCTATCCGCTATCCCATATCTAGGTAACGAACTTGTAAAATGATTATGAGGAGGAT
TGAGGACAAATATCCTTATGAGGAGCCACAGTTATTACTAACCTGCTTTGGGGCATTCCATACTTAGGAAACGAACTCGTAAAATGATTATGGGGGGGAT
TGAGGACAAATATCCCTTTGAGGAGCCACAGTTATTACCAACCTCCTATCCGCTATCCCATACCTAGGTAATGAACTCGTAAAATGATTATGAGGAGGAT
TGAGGACARATATCCTTATGAGGAGCTACTGTTATTACCAATCTAATATCCGCTATCCCTTACTTAGGAAACGATTTAGTTAAATGATTATGAGGGGGAT
TGAGGACAAATATCTTTGTGAGGAGCTACAGTTATTACTAATTTAATATCCGCCATCCCATATCTAGGAAACGACTTAGTTAAATGATTATGAGGAGGAT
TGAGGGCAAATATCATTATGAGGAGCTACTGTTATTACCAATTTATTATCTGCAATCCCTTATCTAGGAAATGAGCTAGTTAAATGATTATGAGGTGGAT
TGAGGACARAATATCCCTATGAGGAGCCACAGTTATTACAAATTTAATATCCGCCATTCCTTACCTGGGAAATGATTTAGTCAAATGACTTTGAGGGGGAT
TGAGGACAAATATCTCTATGAGGAGCTACAGTTATTACTAATTTAATATCTGCCATCCCCTATCTGGGAAATGATCTAGTTAAATGATTATGAGGAGGGT
ATTACTAACCTCCTATCTGCTATTCCATACTTAGGAAACGAACTCGTAAAATGATTATGGGGGGGAT
TGAGGACARAATATCCTTATGAGGAGCCACAGTTATTACTAACCTCCTATCTGCTATTCCATACTTAGGAAACGAACTCGTAAAATGATTATGGGGAGGAT
CTATCCGCCATCCCATACCTGGGCAATGAGCTCGTAAAATGATTATGAGGGGGAT
CTATCCGCCATCCCATACCTGGGCAATGAGCTCGTAAAATGATTATGAGGGGGAT
ATTACTAACCTACTATCAGCAATTCCCTACTTAGGAATGGAATTAGTAAAATGATTATGAGGTGGAT
TAATTACTAACCTTCTATCTGCCATCCCTTATCTAGGTAATGAACTCGTAAAATGACTATGAGGAGGAT
TGAGGTCARAATATCCCTGTGAGGAGCTACAGTTATTACTAACCTTTTATCTGCCATCCCCTACCTAGGTAACGAGCTCGTAAAATGACTATGAGGAGGAT
TGAGGTCARATATCCCTGTGAGGAGCTACAGTTATTACTAACCTTTTATCTGCCATCCCCTACCTAGGTAACGAGCTCGTAAAATGACTATGAGGAGGAT
TGAGGTCARAATATCCCTATGAGGAGCTACAGTCATTACTAACCTTCTATCTGCCATTCCCTACCTAGGTAATGAACTCGTAAAATGACTATGAGGAGGAT
TGAGGTCARAATATCCCTATGAGGAGCTACAGTCATTACTAACCTTCTATCTGCCATTCCCTACCTAGGTAATGAACTCGTAAAATGACTATGAGGAGGAT
TGAGGTCARATATCCCTCTGAGGAGCTACAGTAATCACTAATCTTCTATCTGCTATCCCATACTTAGGCAATGAACTCGTGAAATGACTGTGAGGAGGAT
TGAGGTCARATATCCCTCTGAGGAGCTACAGTAATCACTAATCTTCTATCTGCCATCCCATACTTAGGCAATGAACTCGTGAAATGACTATGAGGAGGAT
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TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCTTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCTTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCCTACTCCCATTTATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCTTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCTTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCTTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTGGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCCTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCCTACTCCCATTCATCATTGCTGCCCTCACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACCTTAACACGATTTTTTGCCCTCCACTTCCTACTCCCATTCATCATTGCCGCACTAACAATAATTCATTTATTATTCCTACA
TCTCTGTAGATAACGCCACATTAACACGATTCTTTGCCCTCCACTTCCTCCTCCCATTTATTATTGCCGCATTAACAATAATTCATCTATTATTTTTACA
TCTCAGTAGACAATGCCACCTTAACGCGATTTTACGCCCTCCACTTCCTCCTTCCCTTTATCATCGCTGCCCTCACAATAATCCACCTACTATTCCTACA
TTTCTGTGGATAATGCCACCTTAACCCGATTTTTTGCCCTTCACTTTCTTCTACCCTTTATTATTGCAGCTATGGTAATAATCCACCTCCTATTTTTACA
TCTCTGTAGACAACGCTACTCTAACTCGATTTTTTGCCCTTCACTTCCTTTTACCATTTATTATTGCAGCTATGGTAATAATTCACCTTTTATTTTTACA
TCTCCGTTGATAATGCCACATTAACACGATTCTTTGCCCTACACTTTCTTCTTCCATTTATCATTGCAGCTATAGTAATAGTTCATCTCCTATTTTTACA
TCTCTGTAGACAACGCTACATTAACTCGATTCTTTGCCCTCCACTTTCTTCTACCTTTTATTATTGCAGCCATAGTAATAATCCATCTTTTATTTTTACA
TTTCTGTAGATAACGCCACCCTAACCCGATTCTTTGCCCTTCATTTTCTTTTGCCCTTTATTATTGCAGCCATAGTAATAATTCATCTCTTATTTCTACA
TCTCTGTAGATAACGCCACATTAACACGATTCTTTGCCCTCCACTTCCTCCTCCCATTTATTATTGCCGCATTAACAATAATTCATCTATTATTTTTACA
TCTCTGTAGATAACGCCACATTAACACGATTCTTTGCCCTCCACTTCCTTCTCCCATTTATTATTGCCGCATTAACAATAATTCATCTATTATTTTTACA
TTTCCGTAGACAACGCCACCTTAACACGATTTTACGCCCTCCACTTCCTCCTCCCCTTTATCATCGCTACCCTCACAATAATCCACTTACTATTCCTACA
TTTCCGTAGACAATGCCACCTTAACACGATTTTACGCCCTCCACTTCCTCCTCCCCTTCATCATCGCTGCCCTCACAATAATCCACTTACTATTCCTACA
TTTCAGTAGATAATGCTACATTAACTCGATTTTTCGCTCTCCACTTCCTTTTACCTTTCATTATTGCAGCCTTAGTAATGATCCATCTACTATTTTTACA
TCTCCGTTGATAATGCTACCCTAACACGATTCTTTGCTCTCCACTTCCTTCTACCCTTTATCATTGCCGCCCTCACGATAATCCACCTCCTTTTCTTACA
TCTCCGTTGACAATGCTACTTTAACACGATTCTTTGCCCTTCACTTCCTCCTACCATTTATTATCGCTGCCCTCACAATAATCCATCTACTATTCCTACA
TCTCCGTTGACAACGCTACTTTAACACGATTCTTTGCCCTTCACTTCCTCCTACCATTTATTATCGCTGCCCTCACAATAATCCATCTACTATTCCTACA
TCTCCGTTGACAATGCTACTTTAACACGATTCTTTACCCTCCACTTCCTTCTACCATTTATCATCGCTGCTCTCACAATAATTCATCTACTTTCCCTACA
TCTCCGTTGACAATGCTACTTTAACACGATTCTTTGCCCTCCACTTCCTTCTACCATTTATCATCGCTGCTCTCACAATAATCCATCTACTTTTCCTACA
TCTCTGTTGATAACGCCACTCTAACACGATTTTTTGCCCTCCATTTCCTCCTACCATTTATTATTACCGCCCTCACAATAATCCATCTTCTATTCCTACA
TCTCTGTTGATAACGCCACTCTAACACGATTTTTTGCCCTCCATTTCCTCCTACCATTTATTATTGCCGCCCTCACAATAATCCATCTTCTATTCCTACA

Fonte: Autor
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Figura 10: continuacao
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TCAAACAGGTTCAAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGTATCAATT
TCAAACAGGTTCAAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGTATCAATT
CCAAACAGGCTCAAGAAACCCATTAGGACTAACAAGAAACTTTGATAAAATCCCATTCCACCCTTACTTTTCAATTAAGGATTTAATAGGAGTATCAATC
TCAAACAGGTTCGAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGCATCAATT
TCAAACAGGTTCAAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGTATCAATT
TCAAACAGGTTCAAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGTATCAATT
CCAAACAGGCTCAAGAAACCCATTAGGACTAACAAGAAACTTTGATAAAATCCCATTCCACCCTTATTTTTCAATCAAGGATTTAATAGGAGTATCAATC
CCAAACAGGCTCAAGAAACCCATTAGGACTAACAAGAAACTTTGATAAAATCCCATTTCACCCCTATTTTTCAATCAAGGATTTAATAGGAGTATCAATC
CCAAACAGGCTCAAGAAACCCATTAGGACTAACAAGAAACTTTGACAAAATCCCATTCCACCCTTATTTTTCAATTAAAGATTTAATAGGAGTATCAATT
TCAAACAGGATCAAGTAATCCCTTAGGATTAACAAGAAACTTCGACAAAATTCCATTCCACCCCTATTATTCAATTAAAGATTTAATAGGAGTATCAATT
CCAAACAGGTTCAAGAAACCCATTAGGACTAACAAGAAACTTCGATAAAATCCCATTCCACCCCTACTTCTCAATTAAAGACCTAATAGGAGTTTCAATC
TCAAACAGGATCCAGAAACCCATTAGGGTTAAACAGAAACTTTGACAAAATCCCATTCCATCCATATTTCTCTATTAAAGACCTAATAGGAGTATCCCTA
CCAAACAGGATCAAGAAATCCTCTAGGATTAAATAGAAACTTCGATAAAATCCCATTCCACCCATACTTCTCCATTAAAGACCTAATAGGAGTATCCCTA
CCAAACAGGATCTAGCAACCCATTAGGATTGAATAGAAACTTTGATAAAATCCCATTCCATCCCTACTTCTCTATTAAAGACTTGATAGGAGTATCACTT
TCAAACGGGATCAAGAAACCCTTTGGGGCTAAACAGAAACTTTGACAAAATTCCATTTCACCCATACTTCTCTATTAAAGACCTAATAGGGGTATCCCTA
TCAAACAGGATCAAGAAACCCTTTAGGATTAAATAGAAACTTCGATAAAATCCCATTCCACCCATATTTCTCTATTAAAGACCTGATAGGAGTATCTTTG
TCAAACAGGATCAAGTAACCCCTTAGGATTAACAAGAAACTTCGACAAAATTCCATTCCACCCCTATTATTCAATTAAAGACTTAATAGGAGTATCAATT
TCAAACAGGATCAAGTAATCCCTTAGGATTAACAAGAAACTTCGACAAAATTCCATTCCACCCCTATTATTCAATTAAAGACTTAATAGGAGTATCAATT
CCAAACAGGCTCAAGAAACCCGCTAGGACTAACAAGAAACTTCGATAAAATCCCATTCCACCCCTACTTCTCAATTAAGGACTTAATAGGGGTTTCAATC
CCAGACAGGCTCAAGAAACCCGCTAGGACTAACAAGAAACTTCGATAAAATCCCATTCCACCCCTACTTCTCAATTAAGGACTTAATAGGGGTTTCAATC
TCAAACTGGATCTAGAAATCCCCTAGGACTAACCAGAAACTTTGATAAAATTCCATTCCATCCTTACTTTTCAATCAAGGATCTTATAGGAGTATCAATT
TCAAACAGGATCCAACAATCCATTAGGATTAACAAGAAACTCCGACAAAATCCCATTCCACCCTTATTTCTCAATTAAAGACTTAATAGGAGTATCAATT
CCAAACAGGATCTAATAATCCATTAGGATTAACAAGAAACTTCGACAAAATCCCATTCCATCCCTATTTCTCAACTAAGGATCTAATAGGAGTATCAATT
CCAAACAGGATCTAATAATCCATTAGGATTAACAAGAAACTTCGACAAAATCCCATTCCATCCCTATTTCTCAACTAAGGATCTAATAGGAGTATCAATT
CCAAACAGGATCCAATAATCCACTAGGATTGACTAGAAACTTCGATAAAATCCCATTCCATCCTTATTTCTCAATTAAAGACTTAATAGGAGTATCAATT
CCAAACAGGATCCAATAATCCACTAGGATTAACTAGAAACTTCGATAAAATCCCATTCCATCCTTATTTCTCAATTAAAGACTTAATAGGAGTATCAATT
CCAAACAGGATCTAATAACCCATTAGGATTAACAAGAAACTTCGACAAAATTCCATTCCACCCTTATTTCTCAATTAAAGACTTAATAGGAATATCAATT
CCAAACAGGATCTAATAACCCATTAGGATTAACAAGAAACTTCGACAAAATCCCATTCCACCCTTATTTCTCAATTAAAGACTTAATAGGAGTATCAATT
310 320 330 340 350 360 370 380 390 400
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ACATTGATATTATTTATTCTTCTAAACCTATGGGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTT
ACATTGATATTATTTATTCTTCTGAACCTATGGGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTTCACA
ACATTAATATTATTTATTCTCTTAAACCTATGAGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCGGTTCACA
ACATTGATATTATTTATTCTTCTAAACCTATGGGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTTCACA
ACATTGATATTATTTATTCTTCTAAACCTATGGGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTTCACA
ACATTGATATTATTTATTCTTCTAAACCTATGGGAACCACGCATTCTTGGAGACCCAGAGAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTTCACA
ACATTAATATTATTTATTCTCTTAAACCTATGAGAACCACGCATTCTTGGAGACCCGGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCGGTTCACA
ACATTAATATTATTTATTCTCTTAAACCTATGAGAACCGCGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCGGTTCACA
ACATTAATATTATTTATTCTCTTAAACCTATGGGAACCACGCATTCTTGGAGACCCAGAAAACTTTATCCCAGCAAACCCATTAGTAACCCCAGTTCACA
ACATTAATATTTTTTATCCTACTAAACTTATGAGAACCACGTATTCTAGGAGATCCAGAAAACTTTATCCCAGCAAATCCACTAGTTACCCCAGTTCACA
ACACTTATACTATTCATTCTACTAAACCTATGAGAACCTCGCATCCTTGGGGACCCAGAAAACTTCATCCCAGCAAACCCACTGGTCACTCCAGTACACA
ACCCTAATATTCTTTATCCTCCTCAGCCTATGAGAAGCTCCAATTTTAATAGACCCAGAAAACTTTATCCCTGCAAATCCACTGGTTACACCAGTACATA
ACTTTGATATTTTTTATCCTACTAAGTCTTTGAGAAGCCCCTATCCTTATAGACCCAGAAAACTTTATTCCTGCAAATCCACTAGTTACACCAGTACACA
ACATTAATATTCTTCATTATATTAAATTTATGAGAACCACGAATACTAGGAGATCCAGAAAATTTTATTCCAGCTAACCCATTAGTTACACCAGTACATA
ACCCTGATATTCTTTATCCTGCTAAGTCTATGGGAAGCCCCAATTTTAATAGACCCAGAAAACTTTATCCCTGCAAACCCACTAGTTACACCAGTACATA
ACCTTAATATTTTTTATCTTATTAAGTCTTTGAGAAGCCCCTATTCTTATAGACCCAGAAAACTTCATTCCTGCAAATCCTCTAGTTACACCAGTACATA
ACATTAATATTTTTTATCCTCCTAAACTTATGAGAACCACGTATTCTAGGAGATCCAGAAAACTTTATCCCAGCAAATCCACTAGTTACCCCAGTTCACA
ACATTAATATTTTTTATCCTACTAAACTTATGAGAACCACGTATTCTAGGAGATCCAGAAAACTTTATCCCAGCAAACCCACTAGTTACCCCAGTTCACA
ACACTTATACTATTCATCCTACTAAACCTATGAGAACCCCGCATCCTCGGAGATCCAGAAAACTTCATCCCAGCAAACCCACTGGTCACCCCAGTACACA
ACACTTATACTATTCATTCTACTAAACCTATGAGAACCTCGCATCCTCGGAGATCCCGAAAACTTCATCCCAGCAAACCCACTGGTCACCCCAGTACACA
ACATTAATACTATTTATTATATTAAATCTTTGAGAGCCCCGTATTTTAGGAGATCCAGAAAACTTTATCCCAGCCAATCCTTTAGTTACTCCAGTTCATA
ACATTAATATTATTCATCATACTTAATTTATGAGAACCACGAATTCTAGGAGACCCAGAAAACTTCATTCCCGCAAACCCATTAGTAACCCCAGTCCATA
ACATTAATACTATTTATTATACTTAACTTATGGGAACCACGAATTTTAGGAGATCCAGAAAATTTTATCCCAGCAAACCCATTAGTAACTCCAGTTCACA
ACATTAATACTATTTATTATACTTAACTTATGGGAACCACGAATTTTAGGAGATCCAGAAAATTTTACCCCAGCAAACCCATTAGTAACTCCAGTTCACA
ACATTAATATTATTTATTATACTTAACCTGTGAGAACCACGAATCCTAGGAGACCCAGAAAACTTTATCCCAGCAAATCCCCTAGTAACCCCAGTTCACA
ACATTAATATTATTTATTATACTTAACCTGTGAGAACCACGAATCCTAGGAGACCCAGAAAACTTTATCCCAGCAAATCCTCTAGTAACCCCAGTTCACA
ACACTAATATTATTCATCATACTTAATTTATGAGAACCACGAATCCTGGGAGACCCAGAAAACTTCATTCCAGCAAATCCATTAGTAACCCCAGTCCACA
ACACTAATATTATTCATCATACTTAATTTATGAGAACCACGAATCCTGGGAGACCCAGAAAACTTCATTCCAGCAAATCCATTAGTAACTCCAGTCCACA
410 420 430 440
e I
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCCTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATACTTCTTATTTGCATACGCCATCCTACGA
TTCAACCCGAATGATATTTCCTATTTGCATACGCCATCCTACGA
TTCAACCTGAATGATACTTCCTATTCGCATATGCTATCCTACGA
TTCAACCTGAATGATATTTCCTTTTCGCATATGCTATCCTCCGA
TTCAACCAGAATGATACTTTCTATTTGCATATGCAATTCTACGA
TTCAACCAGAATGATACTTCCTATTTGCATACGCAATCTTACGA
TTCAACCAGAATGATATTTCTTATTTGCATATGCAATCTTGCGA
TTCAACCAGAATGATACTTCCTATTTGCATACGCAATTCTACGA
TTCAACCAGAATGATACTTCCTATTTGCATATGCAATCTTACGA
TTCAACCTGAATGATATTTCCTATTCGCATATGCTATCCTACGA
TTCAACCTGAATGATACTTCCTATTCGCATATGCTATCCTACGA
TTCAACCTGAATGATATTTCCTTTTCGCATATG
TTCAGCCTGAATGATATTTCCTTTTCGCATATG
TTCAGCCTGAATGATACTTTCTATTCGCATATG
TCCAACCTGAATGATACTTCCTATTTGCATATGCCATTCTACGA
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Figura 11: Alinhamento realizado no programa Clustal W das sequéncias obtidas
pela amplificagdo do fragmento 28S (626 pb) e de sequéncias disponiveis no

GenBank. As procedéncias podem ser verificadas na Tabela 2.

10 20 30 40 50 60 70 80 90 100

B T O S T I e e e T [T I

TrubrovariaALG TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
TrubrovariaQSA TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
TrubrovariaQCJ TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
TrubrovariaQRO TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGGAAA
TrubrovariaCAN TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
TrubrovariaQMA TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
Tcircummaculata TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGGAAA
Tcarcavalloi TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGGAAA
Tklugi TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGGAAA
Tplatensis TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTCCCGTGAGGGAAAGTTGAAAA
Tinfestans TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTCCCGTGAGGGAAAGTTGAAAA
Tguasayana TGTTTTATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
Tprotracta TGCTTGATAGTGCAGCCCTAAGCAGGTGGTAAACTCCATCTAAGGCTAAATACAACCACGAGACCGATAGCGAACAAGTACCGTGAGGGAAAGTTGAAAA
110 120 130 140 150 160 170 180 190 200

B B T T e T e N o T T B T T I

TrubrovariaALG GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
TrubrovariaQSA GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
TrubrovariaQCJ GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
TrubrovariaQRO GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGTTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
TrubrovariaCAN GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
TrubrovariaQMA GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tcircummaculata GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGTTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tcarcavalloi GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGTTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tklugi GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGTTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tplatensis GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tinfestans GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tguasayana GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
Tprotracta GAACTTTGAAGAGAGAGTTCAAGAGTACGTGAAACCGCTCAGGGGTAAACGGAAAAGACCTGAATATCCGAAAGGGGAGATTCACGTCTTACCAGTTGCT
210 220 230 240 250 260 270 280 290 300

B L T T T e B B e T I L B N e

TrubrovariaALG CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGGAATGGTGG
TrubrovariaQSA CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
TrubrovariaQCJ CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
TrubrovariaQRO CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
TrubrovariaCAN CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGT TTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
TrubrovariaQMA CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tcircummaculata CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tcarcavalloi CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGT TTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tklugi CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tplatensis CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tinfestans CAACTTTTAAA GATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGTTTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tguasayana CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGT TTGGTCGCTCGCATTTAAATTGGAAGGGTAATGGTGG
Tprotracta CAACTTTTAAATGATTTGAGATGGCCTCTCGCCCTATTCAGTGTAACAGCTGTGGTAGTGGGT TTGGTCGCTCGCATTTAAAATGGATGGGTAATGGTGG
310 320 330 340 350 360 370 380 390 400

B L T T T B T T I e e N N e e

TrubrovariaALG ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
TrubrovariaQSA ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
TrubrovariaQCJ ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
TrubrovariaQRO ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
TrubrovariaCAN ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
TrubrovariaQMA ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tcircummaculata ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tcarcavalloi ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tklugi ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tplatensis ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tinfestans ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTT AGGCAGTACTGAAAGGTATTTCCT
Tguasayana ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAATAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAGTACTGAAAGGTATTTCCT
Tprotracta ACCGCACTTCTCCCTTAGTAGGACGTTGCGACCTGTCAAAAAATATCCTAAGTATTTGGCTAATTTGTCTGTTTTTAGGCAATACCGAAAGGTATTTCCT

Fonte: Autor
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Figura 11: continuacao
410 420 430 440 450 460 470 480 490 500
e e e e e e e I F B I
TrubrovariaALG TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC CTTGTAAGTGT
TrubrovariaQSA TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
TrubrovariaQCJ TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
TrubrovariaQRO TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCTTGGTGTTGAGCCACTTAC TTTGTAAGTGT
TrubrovariaCAN TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
TrubrovariaQMA TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC CTTGTAAGTGT
Tcircummaculata TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCTTGGTGTTGAGCCACTTAC TTTGTAAGTGT
Tcarcavalloi TTAACATTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
Tklugi TTAACATTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
Tplatensis TTAACAGTTTTAGCCGTTTAGATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
Tinfestans TTAACAGTTTTAGCCGTTTAGATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTAC TTTGTAAGTGT
Tguasayana TTAACAGTTTTAGCCGTTTACATACTGGATATAATTGACAGTAACGAATCATGGTGTTGAGCCACTTACAATTGTATATTTATAAGTATG
Tprotracta TTAACAGTTTTAGCCGCTTATATACTGGTTATAATTGACAGTATCGAATCATGGTGTTGAGCCACTTGAAATTGTATATTTATATGTATAATGGAAAGTG
510 520 530 540 550 560 570 580 590 600
e e e e e e T e
TrubrovariaALG CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
TrubrovariaQSA CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
TrubrovariaQCJ CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
TrubrovariaQRO CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
TrubrovariaCAN CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
TrubrovariaQMA CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tcircummaculata CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tcarcavalloi CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTTCTTGGACAG
Tklugi CCTTTATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tplatensis CCTTCATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTCGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tinfestans CCTTCATGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTCGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tguasayana TCTTTGTGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAACTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
Tprotracta TCCTTGTGGCTGTTTGCAAGTGGGTTGGTTAATTAGTTTTAGTCGGATTTTGGTCCGTCTAGCTATTCCGCCTACTGTTGGTAAACTGTTCCTTGGACAG
610
T I
TrubrovariaALG TGCTTATAACACCGGT
TrubrovariaQSA TGCTTATAACACCGGT
TrubrovariaQCJ TGCTTATAACACCGGT
TrubrovariaQRO TGCTTATAACACCGGT
TrubrovariaCAN TGCTTATAACACCGGT
TrubrovariaQMA TGCTTATAACACCGGT
Tcircummaculata TGCTTATAACACCGGT
Tcarcavalloi TGCTTATAACACCGGT
Tklugi TGCTTATAACACCGGT
Tplatensis TGCTTATAACACCGGT
Tinfestans TGCTTATAACACCGGT
Tguasayana TGCTTATAACACCGGT
Tprotracta TGCTTATAACACCGGT
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Figura 12: Alinhamento realizado no programa Clustal W das sequéncias obtidas
pela amplificacdo do fragmento ITS-1 (568 pb) e de sequéncias disponiveis no

GenBank. As procedéncias podem ser verificadas na Tabela 2.

10 20 30 40 50 60 70 80 90 100

B O O I IR e e e T [T I

TrubrovariaAEP TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
TrubrovariaASL TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
TrubrovriaCAN TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
TrubrovariaQCJ TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
TrubrovariaQMA TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
TrubrovariaQRO TCATTAAAGAGAGAGTTCAAACTTATTATAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAACAGCTGAAATATATATGAAATGGTTTAGTTAT
Tcircummaculata TCATTAAAGAGAGAGTTCAAACTTATTTTAAGAACTTTTTTAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGAAATATATATGAAATGGTTTAGTTAT
Tklugi TCATTAAAGAGAGAGTTCAAACTTATTATAACAACTTTTTTAAAGTTCTATTTTAAGAGGTGATTTAGCAGCTGARAATATATATGAGATGGTTTAATTAT
Tcarcavalloi TCATTAATGAGGGAGTTCCCACTTATTACAACAACTTTTTTAAAGTTCTATTTTGAAATGCGATTTAATGACTGATATATA ATGAGATGGTTTAGTTAT
Tplatensis TCATTAAAGAGAGAGTTCAAACTTATTTTTAGAACTTTTTAAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGARAATATATATGAAATGGTTTAGTCAT
Tinfestans TCATTAAAGAGAGAGTTCAAACTTATTTTTAGAACTTTTTAAAAGTTCTATTTTAAAATGTGATTTAGCAGCTGARAATATATATGAAATGGTTTAGTCAT
Tguasayana TCATTAAAGAGAGAGTTCAAACTTATTTTTAGAACTTTTTTAAAGTTCTATTTTAAAATGAGATTTAGCAGCTGARAATATATATGAAATGGGTTAGTCAT
Tsordida TCATTAAAGAGAGAGTTCAAACTTATTTTTAGAACTTTTTTAAAGTTCTATTTTAAAATGAGATTTAGCAGCTGARAATATATATGAAATGGTTTAGTCAT
110 120 130 140 150 160 170 180 190 200

B T L T T O O e T T T B T T I

TrubrovariaAEP TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTAAA CATAAATAAAAGCCGCAAAGACATAAATGA
TrubrovariaASL TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTAAAC CATAAATAAAAGCCGCAAAGACGTGAATGA
TrubrovriaCAN TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTAAAC CATAAATAAAAGCCGCAAAGACATAAATGA
TrubrovariaQCJ TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTAAAC CATAAATAAAAGCCGCAAAGACATAAATGA
TrubrovariaQMA TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTAAAC CATAAATAAAAGCCGCAAAGACATAAATGA
TrubrovariaQRO TAAATGCATATGGTTTATTTTTCAATGACACATGCCCACAATTTTAATTAAAC CATAAATAAAAGCCGCAAAGACATAAATGA
Tcircummaculata TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTAATTGAAC CATAAATAAAAGCCGCAAAGACATAAATGA
Tklugi TAGATGCAGATGGTTTATTTTTCTATGATATGTGCACACTTTTTTTATTACAC CATAAATAAAAGCCGCAAAGACATAGATGA
Tcarcavalloi TAGATGCGCATGGTTTATTTTTCAATGATATGTGCGCACTTTTTTTATTAAAC CATAAATAAAAGCCTCAGAGAC TACATGC
Tplatensis TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACGTTTTTAA AAAACCGCAAAGACATAAATAA
Tinfestans TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACGTTTTTAA AAAACCGCAAAGACATAAATAA
Tguasayana TAAATGCAAATGGTTTATTTTTATAAGATATGTGCACACCATTTTTATTGCTCTGTTAGGGGCGAAAGACCATAAATAAAAGCCGCAAAAACATAAATAC
Tsordida TAAATGCAAATGGTTTATTTTTCTATGATATGTGCACACAATTTTTATTGAACTGTTAGGGGCGAAAGACCATAAATAAAAGCCGCAAAAACATAAATAA
210 220 230 240 250 260 270 280 290 300

B B L T T e B T e T B T B I T I

TrubrovariaAEP AA- TGAAATGAACTGT TGTACCAAATACTAGTATACTGACTGTTGTACAAGTATACTAGTATACATCTATCCAATAAATGTGGATATAGCAGGA CT
TrubrovariaASL AA- TGAAATGAACTGT TGTACCGAATACTAGTATACTGACTGTTGTACAGGTATACTAATATACCTCTATCCAATAAATGTGGATATACCAGGA CT
TrubrovriaCAN AA- TGAAATGAACTGC TGTACCCTATACTACTGTCTGGAGTGCTGTACTACTATACTACTACTCTTCTATCCAAGARATGTGGATATGACTAGA CT
TrubrovariaQCJ AA- TGAAATGAACTGT TGTACCAAATACTAGTATACTGACTGTTGTACAAGTATACTAGTATACATCTATCCAATAAATGTGGATATAGCAGGA CT
TrubrovariaQMA AA- TGAAATGAACTGT TGTACCAAATACTAGTATACTGACTGTTGTACAAGTATACTAGTATACATCTATCCAATAAATGTGGATATAGCAGGA CT
TrubrovariaQRO AA-TGAAATGAACTGT TGTACCAAATACTAATATACTGACTGTTGTACAAATATACTAGTATACATCTATCCAATAAATGTGGATATAGCAGGA CT
Tcircummaculata AA TGAACTGT TGTACCAAATACTAGTATACCGACTGTTGTACAAGTATACTAGTATACATCTATCCAATAAATGTGGATATAGCAGAACGT
Tklugi AA TGAGCTGT TGGACCAAATACTAATATACTGGCTGGTGGACCAGTATACTAATAAACATCCATCCAATARAATGTGGATATAGCAAGA CT
Tcarcavalloi AA TGTAATGTGCTGT TGGACCATATACTCCTACTCTGCGTGATGTGGAACTACTATACTA - CATCCATCCAATAAATGTGTATTGAGCAAGACCT
Tplatensis AA--TAAAAA-TCCGC AAAGACATAAATAAAATAAAAAGCCGCAAAGACCAATACTAATA - - CATCTATCCAATAAATGTGGATTTACCG TC
Tinfestans AA- -TAAAAAATCCGC AAAGACATAAATAAAATAAAAAGCCGCAAAGACCAATACTAATA - - CATCTATCCAATAAATGTGGATTTACCG TC
Tguasayana AAATAAACTGACCTGCCAGTGTACCAAATACTAGTATACGGACTGTTGTACTACTATACTACTAAAAATCTATTCCATAAATGTGGATATAAGACCA GT
Tsordida AAATAAACTGACCTGCCAGTGTACCAAATACTAGTATACGGACTGTTGTACAAGTATACTAGTAAAAATCTATCCAATAAATGTGGATATAGCAGCA GT

Fonte: Autor
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Figura 12: continuacao
310 320 330 340 350 360 370 380 390 400
e e e e e e e e e L e
TrubrovariaAEP ATCCACAGGATAGATACATCATGTGGACTTGGGGAACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT ATGTGAAACCAT
TrubrovariaASL ATCCACAGGATTTTTGCGTCCTGGGGACTTGGGGAACCCCCTTGATGATACATGTGGACTTCCCCCACCCCCATGATGGGGGCGCTT TTGTGGAACGTT
TrubrovriaCAN ATCGACAGGATCAACACGTGATGTGGACTTGCCCAACCCACGTGACGAGACATGTGGACTTGCCCAACCCACGTGATGGATTATCTT ATGTCAAGCCAT
TrubrovariaQCJ ATCCACAGGATAGATACATCATGTGGACTTGGGGAACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT ATGTGAAACCAT
TrubrovariaQMA ATCCACAGGATAGATACATCATGTGGACTTGGGGAACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT ATGTGAAACCAT
TrubrovariaQRO ATCCACGGGATAGATACCTCATGTGGACTTGGGGAACCCACATGATGATACATGTGGACTTGGGGAACCCAAATGATGTACCCGCTT ATGAGAAACCAT
Tcircummaculata ATCCACAGGATAGATACATCATGTGGACTTGGGACACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT ATGTGAAACCAT
Tklugi ATCCCCAGGATAAATACATCACGTGGAGTTGGGGAACCCCCATGATGATACATGTGGG TTGGGGAACCCCCCTGAAGGACGCGCTT ATGTGAAACCAT
Tcarcavalloi ATCCTCAGGATATATACATCATGTGGACTTGGGCCAAACCGAT ATGATACATGTGGGCTT ACCCAACTGAAGGCATCCCTT TCTTAAAACCAT
Tplatensis CTCCACAGGATAGAT - TACATGTGG CTTGGGGAA ACCCACATGATGGACGCGCTT ATGTGAAACCAT
Tinfestans GTCCACAGGATAGAT - TACATGTGGGCTTGGGGAA ACCCACATGATGGACGCGCTTCATGTGAAACCAT
Tguasayana ATCCACAGGATAGATACATCATGTGGACTTGGGGCACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT TCTTAACCCCAT
Tsordida ATCCACAGGATAGATACATCATGTGGACTTGGGGCACCCACATGATGATACATGTGGACTTGGGGAACCCACATGATGGACGCGCTT ATGTGAAACCAT
410 420 430 440 450 460 470 480 490 500
B L O e L S e e T I I
TrubrovariaAEP GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATAGAAGTTGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
TrubrovariaASL GCAGGGGGGTGGTTGCTTAAAACAGCTTCGGG GCTTTGTTGGT - CGTGGGAGAAGAGAGTGGGGGACCGCTCACTGAACAAGAACAACACCCATCA
TrubrovriaCAN GGAATGGGTGGGTGGCTTGACACGGCGGGGCGCTGGCCATATAAATTCCACTCCGCTAAGGAGTGCGTCTCACCTCCCCTGCCAAGG CAACTAGCACTG
TrubrovariaQCJ GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATAGAAGTTGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
TrubrovariaQMA GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATAGAAGTTGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
TrubrovariaQRO GGAAGGCGTTGGCTGCTTGAAACAGCAAGGCGTTGGCCATCCTTGTCGGAATCCGCACAAGACTGTGAACCGATTCACCTGCCGAGG CAACCATCACTG
Tcircummaculata GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATAGAAGTTGGATTCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
Tklugi GGGAGGGGTTGGGTGGTTGAGACAGGACGGCGGTGGCCATAAAAGTTGGAATCCCCTCAGGAGTGTGTAACAACTCACCTGCCCAGG CAACTAGCGCTG
Tcarcavalloi GGGAGGGGTCGGGTGGTTGAGACCGCAGGGCGGTGGCCATAGAAGTTGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
Tplatensis GGAAGGGGTTGGTTGCTTGACACAGCAGGGCGGTGGCCATGGAAGTTGGATTCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
Tinfestans GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATGGAAGTTGGATTCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
Tguasayana GGAATGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATAGAAGTTGGAATCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
Tsordida GGAAGGGGTTGGTTGCTTGAGACAGCAGGGCGGTGGCCATGGAAGTTGGATTCCGCTAAGGAGTGTGTAACAACTCACCTGCCGAGG CAACTAGCACTG
510 520 530 540 550 560
B T e o Y I
TrubrovariaAEP GAAATGGATGTAACTGTAGCGTTGGTCCATATTTGATCTGTGTGCATATTAGATTAGGAAAAAAATCA
TrubrovariaASL GACA AGACACCATTTTGTCGCTGGATCATATCTGATCGGAGAGCATATTAGATTAAGAAACAAATCA
TrubrovriaCAN GAAATGGATGGAACTGTTGCGCTGGATCATATCTGATCGGAGAGCATATTAGATTAAGAAACAAATCA
TrubrovariaQCJ GAAATGGATGTAACTGTAGCGTTGGTCCATATTTGATCTGTGTGCATATTATATTAGGAAAAAAATCA
TrubrovariaQMA GAAATGGATGTAACTGTAGCGTTGGTCCATATTTGATCTGTGTGCATATTACATTAGGAAAAAAATCA
TrubrovariaQRO GACCCGGATGTAACTGGGGAGCCGATTCTCAACCGATCTGTGTGCTGATTATAGTCTGAAAAAAATCA
Tcircummaculata GAAGTGGATGTAACTGTACCGTTGGGCCATATTTGATCTGTGTGCATATTGGATTAGAAAAAAAATCA
Tklugi GAAATAGAAGTTACTGTATCGTTGCGCCCTATTTGAGCTGTGTGCATATTATATTAAAAAAAAAACAT
Tcarcavalloi GAAATGGATGTAACTGTAGCGTTGGTCCATATTTGATCTGTGTGCATATTAGATTAGGAAAAAAATCA
Tplatensis GAAATGGATGTAGCTGTAGCGTTGGGCCGTATTT ATCTGTGTGCATAT AGATTGGGAAAAAAAAAA
Tinfestans GAAATGGATGTAGCTGTAGCGTTGGGCCATATTT ATCTGTGTGCATAT AGATTGGGAAAAAAAAAA
Tguasayana GAAATGGATGTAACTGTAGCGTTGGTCCATATTTGATCTGTGTGCATATTAGATTAGGAAAAAAATCA

Tsordida

GAAATGGATGTAACTGTAGCGTTGGCCCATATTTGATCTGTGTGCATATTAGATTAGGAAAAAAATCA
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Figura 13: Alinhamento realizado no programa Clustal W das sequéncias obtidas

pela amplificacdo do fragmento ITS-2 (340 pb) e de sequéncias disponiveis no

GenBank. As procedéncias podem ser verificadas na Tabela 2.
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e e e e T I <
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTTTAGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGG
TCATGTTATTTCTTATATACTTGTTTTTTTAGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
CAATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGG
TCATGTTATTTCTTATATACTTGTTTTTTTAGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TCATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TTATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTGAAATTTGTAATCCAAGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
CTTCGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTAAAATTTGTAATCCATGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT
TTATGTTATTTCTTATATACTTGTTTTTT AGAGCATAGTTTCAATTTTGAAATTTGTAATCCAAGTATTGGTAATAAATCAAGTATAGTAGTGAAATGT

110 120 130 140 150 160 170 180 190

B B L T e e N T T T T B T T I
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATTGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATTGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAGAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACAATTATGTTACTTGAGTTGACCA
TGAAGCAAAAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACATTTATGTTACTTGAGTTTACCA
TGAAGCAAAAGAAATTATTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATAAAACAATGATCTACATTTAT TTACTTGAGTTTGCCA
TGAAGCAAGAGAAATTTTTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATTAAACAATGATCTACAATTATGTTACTTGAGTTAACCA
TGAAGCAAAAGAAATTATTTTCGCATCTAGGCATAGTCTGGGCGATGTTTTTCTTTTTGCATAAAACAATGATCTACATTTAT TTACTTGAGTTTGCCA

210 220 230 240 250 260 270 280 290
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ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT - GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTCCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT - GCCATATATAAATTTTGGATTTTTCAAATTGGATATTGCAAACTATGTAAAA GCAGGGT
ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT  -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTCCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA GCAGGTT
ATTATTTTTTATATATATTAAACTGGTCTCCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAAAGCAGGTT
ATTATTTTTTATATATATTAAACTGCTTTGCAGTTTATATGCCATATATAAATTTTGGATTTTTCAAATTGTATATTGTAAACTATGTAAAA ACAGGTT
ATTATTTTTTATATATATTAAACTGGTCTGCAGTTTAT -GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGCAAACTATGTAAAA ACAGGTT

ATTTTTTTTTATATATATTAAACTGCCCTGCAGTT GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGTAAACTATGTAAAA ACAGGTT

ATTATTTTTTATATATATTAAACTGCTCTGCAGTTTATATGCCATATATAAATTTTGGATTTTTCAAATTGTATATTGTAAACTATGTAAAA ACAGGTT

ATTTTTTTTTATATATATTAAACTGCCTTGCAGTT GCCATATATAAATTTTGGATTTTTCAAATTGTATATTGTAAACTATGTAAAA ACAGGTT
310 320 330 340

R B N R EE N e e
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTTAAAAG GAGATGCAATTTTTTT
AGAAATATTTTAAAAGAAGAAAAGGAGATGCAATTCTTTT
AGAAATATTTAAAAAGAAAAGA - -GATGCGCAATCATTTT
AGAAATATTTTAAAAG GAGATGCAATTTTTTT
AGAAATATTTAAAAAGAAAAGA - -GATGCGCAATCATTTT

Fonte: Autor
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4.4 — Andlise Filogenética

Para realizar a analise Bayesiana e a Maxima Parciménia, os fragmentos dos
genes COIl e CytB foram concatenados, o que gerou um alinhamento cujas
sequencias possuem 1012 pares de bases, incluindo os gaps. O melhor modelo
evolutivo indicado pelo MrModeltest (NYLANDER, 2004) foi aplicado, a fim de
desenvolver a reconstrugao filogenética dos taxons envolvidos no estudo. A analise
Bayesiana foi realizada com duas corridas independentes de quatro cadeias de
Markov para 1.000.000 geragbes de onde 2.000 arvores foram amostradas
(amostrado cada geracao 500) e, do padrdo médio de frequéncias divididas, exibiu
0,005 no final da corrida.

Para resumir as informacdes foram descartadas aproximadamente as
primeiras 25% das amostras obtidas durante as primeiras geragdes, que
representam as amostragens iniciais obtidas antes da estabilizagdo da analise.
Panstrongylus megistus (Burmeister, 1835) foi utilizado como grupo externo para
todas as anadlises. As probabilidades Bayesianas (PB) de clados posteriores foram
calculadas utilizando-se o consenso.

A analise por meio da Maxima Parciménia pela busca Heuristica foi utilizada
para encontrar a melhor topologia, utilizando 1.000 replicatas. Os valores de
Bootstrap foram estimados em 1.000 pseudoreplicatas.

Por meio da analise bayesiana dos dados concatenados de CytB e COI,
obteve-se uma arvore cuja topografia € formada por quatro clados bem definidos
gue agrupam as espécies analisadas nos subcomplexos as quais pertencem. Nela
sdo indicados os valores de probabilidade bayesiana (PB) e de bootstrap (BT)

(Figura 14).
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Figura 14: Analise bayesiana do produto da combinagédo dos fragmentos de gene

CytB e COlI de triatomineos, com enfoque em taxons do Estado do Rio Grande do
Sul - Brasil. Os valores apresentados nos clados representam PB /BT,
respectivamente.respectivamente.
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Os exemplares de T. rubrovaria oriundos de Alegrete, Cerro do Jarau, Quarai-
Macarrdo, Quarai-Rosada, Quarai-Salso e Cangugu, bem como os de T.
circummaculata, T. carcavalloi e T. klugi compéem um unico clado, com elevados
valores de credibilidade (PB=97, BT=88), formando o subcomplexo rubrovaria.

Perfil semelhante de credibilidade se observa entre T. guasayana e T.
sordida, que formam o subcomplexo sordida (PB=100, BT=100); T. brasiliensis, T.
brasiliensis melanica, T. brasiliensis juazeirensis e T. sherlocki (PB=100, BT=92);,
que incluem membros do subcomplexo brasiliensis e entre T. platensis e T.
infestans (PB=100, BT=100), no caso do subcomplexo infestans.

Nesses quatro subcomplexos, de acordo com a topologia apresentada, pode-
se sugerir que as espécies em estudo formam grupos monofiléticos.

Também foi realizada a andlise bayesiana e de maxima parcimdnia para os
fragmentos pertencentes ao DNA nuclear ITS-1, ITS-2 e 28S, porém, devido ao
baixo numero de sequéncias disponiveis para dar suporte a analise, nao foi possivel
realizar a concatenagcédo desses fragmentos para que se tivesse uma analise mais
robusta. A arvore gerada por meio da analise Bayesiana, nas quais sao indicados os
valores de probabilidade bayesiana (PB) e de bootstrap (BT) estdo representadas

nas figuras 15, 16 e 17.
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Figura 15: Analise bayesiana dos fragmentos de gene ITS-1 de triatomineos, com
enfoque em taxons do Estado do Rio Grande do Sul - Brasil. Os valores
apresentados indicam PB/BT, respectivamente. As procedéncias estdo descritas na

Tabela 2.
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Figura 16: Analise bayesiana dos fragmentos de gene ITS-2 de triatomineos, com
enfoque em taxons do Estado do Rio Grande do Sul - Brasil. Os valores
apresentados indicam PB/BT, respectivamente. As procedéncias estdo descritas na

Tabela 2.
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Figura 17: Andlise bayesiana dos fragmentos de gene 28S de triatomineos, com

enfoque em taxons do Estado do Rio Grande do Sul - Brasil. Os valores

apresentados indicam PB/BT, respectivamente. As procedéncias estdo descritas na

Tabela 2.
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Para os trés fragmentos houve o agrupamento das espécies pertencentes ao
subcomplexo rubrovaria, porém nem sempre com valores de PB e de bootstrap BT
significativos. Isso provavelmente ocorreu devido ao fato de existirem poucas
sequencias de outros triatomineos disponiveis no Genbank para dar suporte a
analise. Mesmo assim, o resultado estd em consonédncia com os obtidos ao se

concatenar o CytB e COI.
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5 — DISCUSSAO

Lent e Wygodzinsky (1979) referem que a subfamilia Triatominae € derivada
de um predador pertencente a familia Reduviidae. Por partir de um ancestral em
comum, assumiu-se que pertenciam a um grupo de origem monofilética.

Schaefer (2003) sugere a possibilidade dos triatomineos terem se originado a
partir de diversos predadores pertencentes a familia Reduviidae, o que indica a
hipétese de origem polifilética ou parafilética.

Schaefer (2005) enfatiza a importancia dessa questdo, pois isso afeta os
parametros a serem considerados para se atribuir ou ndo a existéncia de uma nova
espécie. A hipotese de origem polifilética atualmente é sustentada por diversos
autores, como Catala (1997), Schofield (1988), Ribeiro et al. (1998) e Soares et al.
(2000).

Dorn et al (2009), ao utilizar ITS-2 para esclarecer o posicionamento
taxondmico de T. dimidiata, relata que sua alta taxa de mutacgéao é util para distinguir
especies e contribui para a descoberta de espécies cripticas, porém a inclusdo de
varios marcadores moleculares é necessaria, como o uso do CytB, para resolver de
forma inequivoca inferéncias taxonémicas.

Garcia et al (2001), ao realizarem analise filogenética com fragmentos de
genes pertencentes ao DNA mitocondrial (12S e 16S) de diversas espécies do
género Triatoma, reafirma a monofilia de espécies do complexo infestans juntamente
com T. circummaculata, baseada em indices de bootstrap obtidos por maxima
parcimoénia.

T. rubrovaria apresenta diversos padrées cromaticos de pronoto, sendo estas

variagcbes nao relacionadas com a distribuicdo geografica (LENT, 1942; LENT;
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WYGODZINSKI, 1979). Tal polimorfismo foi reafirmado por Almeida et al (2002) que,
ao estudar padrdo isoenzimatico de populagcdes de T. rubrovaria, identificou a
existéncia de individuos com diferentes padrdes cromaticos provenientes da mesma
populacéo geografica e sem diferenciagao genética.

Tal perfil de variagdo cromatica também é observadas em T. circummaculata
(Stal, 1859) e ambas as espécies sdo encontradas frequentemente coabitando o
mesmo ecétopo (LENT;WYGODZINSKI,1979). Baseado em caracteristicas
morfoldgicas, T. circummaculata foi alocado no "complexo circummaculata", que era
composto por T. circummaculata e T. limai, ndo apresentando subcomplexo
(DUJARDIN et al. 2002). Por meio de analises filogenéticas com fragmentos de
genes pertencentes ao DNA mitocondrial, T. rubrovaria e T. circummaculata
aparecem como espécies estreitamente relacionadas (GARCIA; POWELL, 1998;
GARCIA et al., 2001; SAINZ et al., 2004), o que ressalta a importancia da
associagao de metodologias distintas de estudo para a definicdo e agrupamento de
especies.

Triatoma carcavalloi foi descrita como espécie relacionada a T. rubrovariae T.
circummaculata, tendo como base seus aspectos cromaticos e distribuicao
geografica (JURBERG et al., 2008). A analise filogenética por meio de fragmentos
de genes mitocondriais (12S e COIl) apresentou um perfil de clados que corroboram
tais achados anteriores (ALMEIDA et al., 2009).

Tritoma Kklugi, ao ser descrita, foi agrupada com base em caracteristicas
morfolégicas como membro do complexo oliveirai, sendo posteriormente
reposicionada no subcomplexo “rubrovaria”, juntamente com T. carcavalloi, T. klugi,
T. limai, T. oliverai e T.rubrovaria. O reposicionamento ocorreu apos estudo e

revisdo da classificagcdo e evolugédo dos triatomineos feitos por Schofield e Galvao
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(2009), que também levou ao reposicionamento de T. circummaculata no
subcomplexo “rubrovaria”.

Os resultados obtidos no presente estudo corroboram os de Schofield e
Galvao (2009) e de Almeida et al., (2009), cuja analise filogenética mostrou o
posicionamento de T. circummaculata e T. klugi no subcomplexo rubrovaria. As
avaliagcbes, por meio de andlises Bayesiana e de maxima parciménia, indicam
T.carcavalloi em posi¢ao basal no subcomplexo rubrovaria, apresentando-se como
espécie irma do grupo formado por T. circummaculata, T.klugi e T. rubrovaria.
Também foi verificado que T. carcavalloi apresenta-se em posicdo basal no
subcomplexo rubrovaria, sendo na verdade, espécie irma do grupo formado por T.
klugi + T. rubrovaria + T. circummaculata.

Almeida et al. (2002), ao estudar populagbes de T. rubrovaria por meio de
isoenzimas e padrdo cromatico, levantam a hipotese da existéncia de uma
populagdo isolada e distinta das demais estudadas. Como as isoenzimas
inicialmente apontaram a populagdo proveniente do municipio de Santiago como a
mais diferenciada, os demais estudos, utilizando outros marcadores (genes
nucleares ITS e RAPD) foram direcionados a esclarecer essa variagdo. Resultados
obtidos por Pacheco et al., (2003; 2007), por meio de RAPD com os marcadores
ITS-1 e ITS-2, corroboraram os resultados obtidos por isoenzimas. Entretanto, neste
estudo a populacéo de T. rubrovaria de Cangugu emergiu como a mais diferenciada.

Monteiro et al. (2010), ao levantar e discutir estudos de genética de
populacdes de triatomineos, definem complexo de espécie como sendo “um grupo
de espécies intimamente relacionadas e semelhantes morfologicamente” e espécies
cripticas como sendo espécies morfologicamente semelhantes e que se reproduzem

isoladamente”. Diante do exposto, a topografia da arvore sugere que T. rubrovaria
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seja um complexo de espécies, uma vez que exemplares oriundos de Cangugu,
apesar de apresentarem morfologia idéntica aos das demais procedéncias (dados
nao apresentados), apresenta-se isolado das demais populagdes de T. rubrovaria.

Costa et al. (2003), ao estudarem populagbes de T. brasiliensis, sugere a
realizacdo de experimentos de cruzamento entre espécies e populagdes poderao ser
Uteis para esclarecer e viabilizar inferéncias filogenéticas e as compatibilidades para
reproducdo entre os taxa. Almeida et al., (2009) sugere que se adote o mesmo
procedimento para T. rubrovaria, T. carcavalloi e T. circummaculata.

Os resultados obtidos indicam que sejam realizadas novas coletas de
populagdes de T. rubrovaria de Cangugu e de outras procedéncias, permitindo assim
verificar se a polifilia e a formagcao de espécies cripticas sdo mantidas. Tendo em
vista que a utilizagdo de apenas uma metodologia de estudo € insuficiente para a
definicdo de espécies cripticas, sugere-se o aprofundamento dos estudos com
exemplares de T. rubrovaria coletados em Cangugu por meio de estudos
morfoldgicos, citogenéticos, cruzamento entre populagdes e analise de marcadores
nucleares. Ainda merece ser ressaltado que o sequenciamento e analise de
espéecies de outros complexos e subcomplexos deverao ser realizados, uma vez que
existem poucas sequencias disponiveis no Genbank para dar suporte a analise.

O presente estudo reafirma a necessidade de associacdo de metodologias
distintas para que se possa entender melhor a relacdo entre essas espécies de
Triatominae, que coabitam habitats semelhantes, além de termos aqui encontrado
uma forte evidéncia de que T. rubrovaria ndo seria uma espécie Unica, € sim um

conjunto espécies cripticas.
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6. CONCLUSAO

e Os marcadores pertencentes ao DNA mitocondrial CytB e COI, devido ao seu
polimorfismo, mostraram-se marcadores eficientes para a concatenacido de
dados e analise bayesiana;

e Os marcadores pertencentes ao DNA nuclear ITS-1, ITS-2 e 28S sdo menos
polimorficos, 0 que os tornam menos eficazes para a utilizagdo em analises
filogenéticas;

e T. circummaculata, T. klugi e T. carcavalloi foram reconfirmados como
espécies pertencentes ao subcomplexo rubrovaria;

e T.carcavalloi se posiciona como espécie irma de T. klugi, sendo esta
afirmacgdo consistente para os genes 28S e ITS-1.

e T. rubrovaria apresenta-se como um conjunto de espécies cripticas, sendo a
populacéo oriunda de Cangucgu distinta das de Quarai (localidades de Cerro
do Jarau, Macarrédo e Rosada) e de Alegrete (localidades de Estrada dos

Pinheiros e Salso).
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Abstract

Triatoma rubrovaria is considered an important vector of Chagas disease in the state
of Rio Grande do Sul, Brazil. After the implementation of a program to combat T.
infestans, more specimens of T. rubrovaria were captured and more colonies were
found inside homes. It lives in holes and cracks in rocky places along with T.
carcavalloi, T. circummaculata and T. klugi. Analysis of fragments of genes belonging
to mtDNA has been used in order to establish the genetic structure of populations
and the phylogenetic relationships among them, which will make it possible to identify
species complexes or cryptic species. Bayesian analysis using CytB and COlI
sequences reinforces the placement of these species in the rubrovaria subcomplex
and suggests that T. rubrovaria populations from six locations are potential cryptic
species, in view of the topology found. This study contributes to the understanding of

both the taxonomy of T. rubrovaria populations and their phylogeny.
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Introduction

When Chagas described the protozoan Trypanosoma cruzi and American
trypanosomiasis, later called Chagas disease, he identified all the epidemiological
chain of that disease, i.e., its mechanism of transmission, vector, etiologic agent,
manifestation in humans, and natural breeding grounds (Chagas, 1909). It is
estimated that 10 million people, mostly in Latin America, are infected with
Trypanosoma cruzi, which is transmitted mainly through triatomine stool (WHO,
2010). It is accepted that vector control is the most efficient means to prevent and
combat the spread of the disease, as there is neither a vaccine nor an efficient drug
treatment to cure chronic-phase patients (Dias et al., 2002; Miles, 2004; Coura &
Vinas, 2010).

The subfamily Triatominae comprises 146 species, divided into 18 genera and
five tribes (Lent & Wygodzinsky, 1979; Galvao et al., 2003; Forero et al., 2004; Costa
et al., 2006; Costa & Felix, 2007; Schofield & Galvao, 2009; Frias-Lasserre, 2010;
Silveira & Dias, 2011; Rosa et al., 2012). The genus Triatoma is the most
representative with 80 species described, which are grouped into eight complexes
and eight subcomplexes, a classification that is based mainly on morphological

characteristics (Schofield & Galvao, 2009). One of such species is Triatoma
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rubrovaria (Blanchard, 1843), which is found in holes and cracks in rocky places
where most rocks are granites or arenites. It feeds from the blood of several
vertebrates, especially rodents, thus maintaining the sylvatic cycle of the flagellate T.

cruzi (Rosa et al., 2000; Almeida et al., 2002; Martins et al., 2006).

Even after the implementation of a program to combat Triatoma infestans, as
part of an initiative from the countries of the Southern Cone (INCOSUL/Chagas)
taken in 1992, there was a rise in both the number of T. rubrovaria specimens
captured and the number of colonies found in homes in the state of Rio Grande do

Sul, Brazil (AImeida et al., 2000; Silveira & Dias, 2011).

T. rubrovaria is found along with the species T. carcavalloi (Jurberg, Rocha,
Lorosa, Vinhaes & Lent, 1998), T. circummaculata (Stal, 1859) and T. Klugi
(Carcavallo et al., 2001), all of them belonging to the rubrovaria subcomplex and
occurring in sympatry in the same ecotope in Rio Grande do Sul, Brazil (Lent &
Wygodzinsky, 1979; Almeida et al., 2002; Aimeida et al., 2009; Schofield & Galvao,

2009).

Species overlapping in geographic distribution or even those having ill-defined
limits are sometimes subjected to ecological pressures, and it is not yet clear if the
morphological similarities among them are the result of evolutionary convergences
caused by ecological pressures. For that reason, cytochrome b (CytB) and
cytochrome oxidase 1 (COIl) sequences, which belong to mitochondrial DNA, were
used to evaluate the phylogenetic relationships among six Triatoma species that

occur in Rio Grande do Sul, Brazil.
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Material and Methods
Triatomines

T. carcavalloi, T. circummaculata, T. guasayana, T. klugi, T. platensis, and T.
rubrovaria specimens kept at the Triatominae Insectarium of the Faculty of
Pharmaceutical Sciences/Unesp/Araraquara were used. Their provenience and the
dates when they were collected are shown in Table 1. To enhance the phylogenetic
analysis, other triatomine species whose sequences are available at GenBank were

used (Table 2).

DNA extraction and sequencing

Genomic DNA extraction was performed as suggested by Bargues & Mas-
Coma (1997), and a NanoDrop®2000 Thermo Scientific® spectrophotometer was
used to estimate the concentration. Fragments of CytB and COIl genes were
amplified using primers under the conditions described by Monteiro et al. (2003) and
Pfeiler et al. (2006), respectively. DNA purification was carried out using

NucleoSpin® Extract Il Kits Macherey-Nagel GmbH & Co. KG.

The purified products were subjected to sequencing reaction with a DYEnamic
ET ® (GE Healthcare Life Sciences) kit and processed on a MegaBACE 1000® (GE
Healthcare Life Sciences) sequencer.

The sequences were edited and aligned using the BioEdit 7.0.5 and ClustalW
softwares, respectively (Hall, 1999). The MrBayes 3.1 software (Huelsenbeck &
Ronquist, 2001) was used for the phylogenetic analysis with gene concatenation in
Bayesian inference, adopting a mixed approach model. Other species, such as

Triatoma platensis, were added to the analysis (Table 1 and 2).
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Phylogenetic analysis

The best evolutionary model indicated by the MrModeltest software (Nylander,
2004) was applied so as to provide the phylogenetic reconstruction of the taxa under
study. Bayesian analysis was carried out with two independent runs of four Markov
chains for 1,000,000 generations, from which 2,000 trees were sampled
(500/generation), the mean frequency standard at the end of the run being 0.005.

To summarize the information, about the first 25% of the sample obtained
during the first generations were discarded. That percentage represents the initial
samplings obtained before the analysis stabilization. Panstrongylus megistus
(Burmeister, 1835) was used as out group for all analyses. Bayesian probabilities
(BP) of later clades were calculated using consensus.

An analysis using maximum parsimony was carried out. One thousand
replicates were used, and bootstrap values were estimated in 1,000

pseudoreplicates.

Results

To make the phylogenetic analysis possible, T. rubrovaria specimens from six
different places in the cities of Alegrete (Pinheiros Highway and Salso), Canguc¢u and
Quarai (Cerro do Jarau, Macarrao and Rosada), as well as specimens of the
populations of T. carcavalloi, T. circummaculata, T. guasayana, T. klugi, and T.
platensis.

A total of 66 sequencing reactions were performed, forward and reverse
reactions being analyzed independently. They were later aligned to confirm the
consistency of the data. The products obtained generated a 607pb fragment for CytB

and a 624pb fragment for COI.
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Sequences obtained from fragments of CytB and COI genes were aligned with
sequences of other triatomines available at GenBank® (Table 2), which generated a
444pb fragment for CytB and a 576pb fragment for COI.

By concatenating the fragments of CytB and COI and carrying out a new
alignment, 1012 base pairs were obtained, including gaps.

By means of a Bayesian analysis of the concatenated data of CytB and COl, a
tree whose topology consists of four well-defined clades that group the species into
the subcomplexes they belong to was obtained. In that tree the Bayesian probability
(BP) and bootstrap (BT) values are indicated (Figure 1).

T. rubrovaria specimens from Alegrete, Cangugu and Quarai (Cerro do Jarau,
Macarrdo, Rosada and Salso), as well as T. circummaculata, T. carcavalloi and T.
klugi specimens, were placed in the same clade with high credibility values (PB=99,
BT=68), forming the rubrovaria subcomplex.

A similar credibility profile was observed between T. guasayana and T.
sordida, which form the sordida subcomplex (PB=100, BT=100); among T.
brasiliensis, T. brasiliensis melanica, T. brasiliensis juazeirensis and T. sherlocki
(PB=100, BT=92), which include members of the brasiliensis subcomplex; and
between T. platensis and T. infestans (PB=100, BT=100), in the case of the infestans
subcomplex.

In those four subcomplexes, according to the topology, it can be suggested

that the species under study form monophyletic groups.
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Discussion

Lent and Wygodzinsky (1979) refer that the subfamily Triatominae derives
from a predator belonging to the family Reduviidae. Because of this common
ancestor, it was assumed that they belonged to a group of monophyletic origin.

Schaefer (2003) indicates the possibility of triatomines having originated from
various predators belonging to the family Reduviidae, which raises the hypothesis of
monophyletic or paraphyletic origin.

Schaefer (2005) points out the importance of the issue, because it affects the
parameters to be considered in deciding whether there is a new species or not. The
hypothesis of polyphyletic origin is currently supported by many authors, including
Catala (1997); Schofield (1988); Ribeiro et al., 1998 and Soares et al., 2000.

Garcia et al. (2001), when carrying out a phylogenetic analysis with fragments
of mitochondrial DNA genes (12S e 16S) from various species of Triatoma, restate
that species of the infestans complex are monophyletic, just as T. circummaculata,
based on bootstrap indices obtained by maximum parsimony.

T. rubrovaria presents many chromatic patterns in the pronotum, which are not
related to its geographic distribution (Lent, 1942; Lent & Wygodzinski, 1979). That
polymorphism was also observed by Almeida et al. (2002), who studied the
isoenzyme pattern of T. rubrovaria populations and identified specimens with
different chromatic patterns coming from the same geographic population and having
no genetic differences.

Chromatic variation is also observed in T. circummaculata, and both species
are frequently found in the same ecotope (Lent & Wygodzinski, 1979). In view of its

morphological characteristics, T. circummaculata was placed in the circummaculata
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complex, which consisted of T. circummaculata and T. limai, in subcomplex
(Dujardin et al., 2002). Phylogenetic analyses with fragments of mitochondrial DNA
genes indicate that T. rubrovaria and T. circummaculata are closely related species
(Garcia & Powell, 1998, Garcia et al., 2001, Sainz et al., 2004), whereupon the
importance of combining different methodologies to define and group species.

Triatoma carcavalloi was described as cognate with T. rubrovaria and T.
circummaculata based on its chromatic aspects and geographic distribution (Jurberg
et al., 2008). Phylogenetic analysis with fragments of mitochondrial genes (12S and
COl) showed a profile of clades that confirm the previous findings (Almeida et al.,
2009).

Tritoma klugi, after being described, was grouped into the oliveirai complex
based on its morphological characteristics, but later it was placed in the rubrovaria
subcomplex, along with T. carcavalloi, T. klugi, T. limai, T. oliverai and T. rubrovaria.
The new placement resulted from a study and review of the classification and
evolution of triatomines by Schofield & Galvdo (2009), which also led T.
circummaculata to be placed in the rubrovaria subcomplex.

The results obtained in the present study corroborate those achieved by
Schofield & Galvao (2009) and Almeida et al. (2009), who placed T. circummaculata
and T. klugi in the rubrovaria subcomplex. Bayesian and maximum-parsimony
analyses placed T. carcavalloi in the basis of the rubrovaria subcomplex, presenting
it as a sister species to the group consisting of T. circummaculata, T.klugi and T.
rubrovaria. It was also noted that T. carcavalloi is a sister species to T. rubrovaria, a
fact that had been pointed out by Almeida et al. (2009) in a study on the phylogenetic

relationship of that species. In this study it was noticed that T. carcavalloi is in the
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basis of the rubrovaria subcomplex, being in fact a sister species to the group formed
by T. klugi + T. rubrovaria + T. circummaculata.

Almeida et al. (2002), after studying populations of T. rubrovaria using
isoenzymes and chromatic pattern, raised the hypothesis of the existence of an
isolated population that is different from those studied so far. In that study, at first the
isoenzymes indicated the population from the city of Santiago as the most distinct.
The results obtained by Pacheco et al. (2003) and Pacheco et al. (2006) using ITS
genes and the RAPD technique confirm the results obtained with isoenzymes.

Nevertheless, in the present study the population of T. rubrovaria from
Cangucu was the most distinct (Fig. 1).

Monteiro et al. (2010) define a species complex as “a group of species that
are closely related and morphologically similar’, and cryptic species as
“‘morphologically similar species that are reproductively isolated”. Given the above,
the tree topology suggests that T. rubrovaria is a species complex, since specimens
coming from Cangugu, although having the same morphology of the others (data not
presented herein), is isolated from the other populations of T. rubrovaria.

Costa et al. (2003), having studied populations of T. brasiliensis, suggest that
carrying out experiments to cross species and populations can clarify phylogenetic
inferences and compatibilities for reproduction among taxa. Almeida et al. (2009)
recommended that the same procedure for T. rubrovaria, T. carcavalloi and T.
circummaculata be adopted.

Based on the current results, new populations of T. rubrovaria from Cangucgu
and other places should be collected so that it could be verified if polyphyly and
formation of cryptic species persist. Taking into account that using only one research

methodology is not enough to state the formation of cryptic species, deeper studies
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on specimens from Cangugu should be carried out using nuclear marker analysis

along with morphological research and crossing of populations.

Conclusions

This study suggests that T. rubrovaria could be a complex of cryptical species,
verified by the Bayesian analysis of the combined analysis of fragments of CytB and
COI genes of triatomines from Rio Grande do Sul State. Further investigations
should be performed, like combination of different methodologies in order to achieve
a better understanding of the relationships among such cohabiting species of
triatomines. Understanding both their reproductive isolation and epidemiological data

can provide proper strategies to deepen the phylogenetic studies of that complex.
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TABLES

Table 1: Species and origin of Triatominae whose DNA was extracted and
sequenced fragments of mitochondrial genes (COIl and CytB).

Species Year .Of Origin Identification used CTA~
collection
T. rubrovaria 2010 Alegrete — RS T.rubrovariaAEP -
(Location: Estrada dos
Pinheiros)
T.rubrovaria 2008 Alegrete- RS T.rubrovariaASA -
(Location: Salso)

T.rubrovaria 2010 Cangugu — RS T.rubrovariaCAN -
T.rubrovaria 2008 Quarai (Location: Cerro T.rubrovariaQCJ -
do Jarau)

T.rubrovaria 2008 Quarai (Location: T.rubrovariaQMA -
Macarrao)

T.rubrovaria 2008 Quarai (Location: T.rubrovariaQRO -
Rosada)

T. klugi 2003 Nova Petropolis — RS T.klugi -
T.carcavalloi 2006 Sao Jerdinimo, RS T.carcavalloi -
(Location: Fernao Dias)
T. circummaculata 2008 Quarai (Location: T.circummaculata -
Rosada)
T.platensis 1984 La Pampa — Argentina T.platensis 147
T.guasayana 2003 Provincia de Tita — T.guasayana 215

Chaco Boliviano

* CTA = Triatominae Colonies of Araraquara
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Table 2: DNA sequences used to establish the phylogenetic relationships among

species and populations.”?”= missing sequences.

Triatomines CytB COl
T.rubrovariaAEP This study This study
T.rubrovariaASA This study This study
T.rubrovariaCAN This study This study
T.rubrovariaQCJ This study This study
T.rubrovariaQMA This study This study
T.rubrovariaQRO This study This study

T.klugi This study This study

T.carcavalloi This study This study

T.circummaculata This study This study
T.platensis This study This study
T.guasayana This study This study
P. megistus AF045722 AF021182
T.dimidata FN641816 JQ575030
T.longipennis DQ198815 DQ198804
T.recurva DQ198812 DQ198803
T.mazzotti DQ198816 DQ198805
T.rubida sonoriana DQ198810 DQ198800
T.sordida 1 HQ333243 AF021216
T.sordida 2 HQ333242 AF021210
T. sherlocki EU489058 ?
T. infestans 1 JNO06798 HQ437704
T. infestans 2 AY702020 HQ437703
T. brasiliensis 1 AY336524 AF021184
T. brasiliensis 2 AY494140 AF021184
T. brasiliensis haplotypeD* AY494166 ?
T. brasiliensis haplotypeE* AY494167 ?
T. brasiliensis haplotype H* AY336527 ?
T. brasiliensis haplotype | * AY494170 ?

* Haplotypes of T. brasiliensis according to Monteiro et al (2004), later redefined as:
D,E =T. juazeirensis and H, | = T. melanica (Costa et al., 2006; Costa &Felix 2007).
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FIGURE

Figure 1: Bayesian Inference consensus of mixed-model analysis of mitochondrial
sequences of CytB mtDNA (444bp) and cytochrome oxidase | (576bp). The values

indicate the Bayesian posterior credibil

percentages, respectively.
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