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RESUMO
A familia Gasteropelecidae compreende um pequeno grupo de espécies de
Characiformes distribuidas no Panama e em todos os paises da América do Sul,
com excecao do Chile. A familia € composta por trés géneros e nove espécies que
sao prontamente reconhecidas pela presenca de um coracotide extremamente
expandido e pelo tamanho das nadadeiras peitorais que permitem aos animais
desse grupo realizarem longos saltos fora da agua. Até o momento nado ha
nenhum estudo do ponto de vista evolutivo para nesta familia. Assim, o objetivo
principal do presente trabalho foi elaborar e testar hipéteses de relacionamento
entre espécies e géneros de Gasteropelecidae e destes com outros taxons de
Characiformes. Para tanto, foram seqglenciados fragmentos de trés genes
mitocondriais (16S rRNA, citocromo B e citocromo oxidase |) e dois genes
nucleares (a-tropomiosina e sia) de 19 exemplares de 9 espécies (seis géneros)
de Characiformes, incluindo representantes dos trés géneros de
Gasteropelecidae. Sequiéncias adicionais de 43 espécies de Characiformes,
obtidas no GenBank foram utilizadas nos estudos filogenéticos. As analises
filogenéticas foram conduzidas pelos métodos de Maxima Parcimbnia (MP) e
Analise Bayesiana. Todas as filogenias obtidas foram testadas utilizando o método
de bootstrap com 1000 pseudoréplicas e as filogenias obtidas por MP foram
também testadas utilizando o indice de decaimento de Bremer. Os resultados
mostraram que a familia Gasteropelecidae é monofilética. Exemplares de
Gasteropelecus formaram um grupo independente, dentro da familia, irmao do
clado formado por Thoracocharax e Carnegiella. A familia Gasteropelecidae

apareceu em todas as analises como grupo-irmao do género Triportheus
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(Characidae), o que é um resultado bastante interessante considerando que os
dois grupos sao morfologicamente bastante similares. Com esse resultado, a

hipétese de que a familia Characidae ndo é monofilética também foi corroborada.
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ABSTRACT
The family Gasteropelecidae comprises a small group of species in the order
Characifomes. It is spreed throughout Panama and all South America countries,
except the Chile. The family is composed by three genera and nine species that
are recognized by the presence of extremely large coracoids and by the size of the
pectoral fins that permit to animals from this group realize long jumps out water.
Any evolutive study on this family has been conducted until now. Therefore, the
main purpose in the present study was to elaborate and to test hypothesis of
relationship between species and genera of Gasteropelecidae and of this family
with other Characiformes taxa. DNA fragments from three mitochondrial genes
(16S rBNA, cytochrome b and cytochrome oxidase |) and two nuclear genes (a-
trophomyosin and sia) of 19 samples of 9 species (6 genera) of Characiformes
were sequenced, including samples from three genera of the Gasteropelecidae.
Additional sequences from 43 species of Characiformes, obtained from GenBank
were used in the phylogenetic studies. Phylogenetic trees were obtained using the
Maximum Parsimony (MP) and Bayesian analyses. All obtained phylogenies were
tested with the bootstrap method with 1000 pseudo replications. The phylogenies
obtained with MP were also tested using the Bremer Decay indices. The results
showed that the family Gasteropelecidae is monophyletic, Gasteropelecus is the
sister group of the clade composed by Thoracocharax and Carnegiella. The family
Gasteropelecidae appeared in all analysis as a sister group of the genera
Triportheus (Characidae), wich is an interesting result because those two groups
are morphologically rather similar. With that result, the hypotheses that the family

Characidae is not monophyletic also was corroborated.



Lista das abreviagcoes usadas no presente trabalho.

Abreviacoes

Significado

DNA Acido desoxiribonucléico
EDTA Acido etileno diamino tetraacético
HCI Acido cloridrico
Kb 10° pares de bases
Mg 10° grama
MgCl Cloreto de Magnésio
min Minuto
mi 107 litro
mM 10 Molar
mtDNA DNA mitocondrial
NaCl Cloreto de Sédio
pb Pares de bases nitrogenadas
PCR Reacdo em cadeia da polimerase (Polimerase chain reaction)
RNase Ribonuclease
rpm Rotacbes por minuto
rRNA RNA ribossémico
S Segundo
SDS Dodecil sulfato de sddio
Tris-CL Hidroximetil Amino Metano-Cloro
Tris-HCL Hidroximetil Amino Metano-Acido cloridrico
ul 107 litro
uM 10° molar




iINDICE

T.INTRODUGAO. ...ttt en e 01
1.1 Aspectos sistematicos e 01
LED:<0) 8 10) 010 1 1¢] 0 1 TP

1.2 Consideracdes sobre a familia Gasteropelecidae...........cccccceiiiiiiiiiinnnnns 08
1.3 Consideragoes sobre 0s genes utilizados..........ooeccvieeeeeeiiiciieeeee e, 14
2. OBUETIVOS. ...ttt e e e e e e e e s snnneeeeaeas 24
3. MATERIAIS E METODOS..........ooioieeeieieieeeeeeeeeeee e e 25
1. MATERIAIS.......coii 25
B2 METODOS. ...ttt e e et e e e e e e e e e e e enbraeeeeeeeenns 29
3.2.1. Extracdo de DNA gendmico de tecidos sOlidoS.........cceeeveeeeeeeiiiiiiiiccnnes 29
3.2.2 Reacao de amplifiCaCa0.......cceeiiiiiiiiiiiiiiieiie e 30
3.2.3 Visualizagdo do DNA amplificado em gel de agarose..........ccccveeeeeeennns 35
3.2.4 Purificagdo do produto da PCR..........ooiiiiiiiieeee e 35
3.2.5 Reacao de amplificacédo para o seqienciamentO.......cccceeeeeeeeeeiiiiieiccnnens 36
3.2.6 Purificacdo do DNA amplificado na reacdo de sequenciamento e 37
andlise das amostras em sequenciador ABI prism 377.......ccueeeiiieiiiiiiieneenenne

3.2.7 Alinhamento e analise das sequiéncias e andlise filogenética................. 40

4. RESULTADOS

A1 GENE 188 RN A e 46
4.2 GENE CItOCIOMO Do et 48
4 B GONE SHA. e e 50
G LY o1 1 (o] o J PSR 52
4.5. Andlise combinada dos genes 16S, citocromo B, sia e trop..........cccceee... 54
4.6 Gene CIitOCrOMO OXIAASE |....ceneeee e 57
B DISCUSSAOD. .. .o e e, 60
B. CONCLUSOES. ... .o e e, 68
7. REFERENCIAS BIBLIOGRAFICAS........ooeoe oo 69
8. APENDICES...... .ot e e e

Apéndice | - Alinhamento final dos genes 16S, citocromo b, sia e trop 82
utilizados nas analises fillogeneticas. .........cuuuveiiii i
Apéndice Il — Alinhamento final das seqtiéncias parciais do gene citocromo 97
(00T F= T =T R URPRPR



1. INTRODUCAO

1.1 Aspectos sistematicos e taxonémicos

Os peixes constituem mais da metade do numero total de espécies de
vertebrados existentes (Pough, 2003). Segundo Nelson (2006) existem
aproximadamente 54.711 espécies de vertebrados, destas espécies cerca de
27.977 sao espécies validas de peixes, e desse total cerca de 26.761 espécies
sao Actinopterygii (peixes com nadadeiras raiadas), 1.100 de Chondrichthyes
(tubardes, raias e quimeras), 108 de Myxinoidea e Petromyzontoidea (feiticeiras e
lampréias) e 8 de Actinistia e Dipnoi (celacanto e pirambobia). As outras 26.734
espécies estao divididas dentro do grupo dos tetrapodas (Nelson, 2006).

Dentre os peixes ha um grande numero de Actinopterygii (Pough, 2003).
Segundo o autor, essa predominancia indica que tanto os actinopterigeos fosseis
quanto os viventes podem ter taxas de especiacdo, principalmente alopatrica,
mais altas do que aquelas estimadas para as aves ou, até mesmo, para alguns
insetos. Espécies de peixes, evoluindo no isolamento de lagos, parecem levar
menos tempo para se especiar do que todos os organismos altamente derivados
pesquisados (vertebrados e insetos) (Pough, 2003).

Apesar de ter um elevado numero de espécies, em compara¢ao com outros
grupos de vertebrados, pouco se conhece sobre sistematica, evolugéo, ecologia,
fisiologia, etologia, morfologia e genética de peixes (Bdhlke et al. 1978). Ainda

segundo Bohlke et al. (1978), as razbes sao muitas: o ambiente em que 0s peixes



vivem torna sua captura, observacdo e a determinagdo de seus parametros
biolégicos mais dificil, em comparacdo com a maioria dos outros vertebrados.

Segundo Nelson (2006) ha cerca de 515 familias de peixes reconhecidas, 9
familias apresentam um numero consideravel de espécies (mais de 400 espécies
em cada uma). Estas familias, em ordem decrescente de nUmero de espécies sao
Cyprinidae, Gobiidae, Cichlidae, Characidae, Loricariidae, Balitoridae, Serranidae,
Labridae, e Scorpaenidae. Esse grupo de peixes é bastante representativo
correspondendo um total de 33% (9.302) de todas as espécies do mundo e, dentre
essas nove familias cerca de 66% (6.106) das espécies sao de agua doce.

A ictiofauna de agua doce da regiao Neotropical € a mais rica de todo o
mundo (Buckup, 1998). De acordo com Reis et al. (2003), das 13.000 espécies de
peixes de agua doce estimadas para o planeta, aproximadamente 6.000 espécies
sao encontradas na regiao Neotropical, das quais 4.475 sao consideradas validas
e cerca de 1.550 sdo conhecidas, porém ainda nao descritas formalmente.
Considerando todas as espécies encontradas cerca de 37% sao Siluriformes, 33%
Characiformes, 9% Ciclideos, 8% Cyprinotiformes, 3% Gymnotiformes e 7% outras
ordens menores. Dentro desse universo de espécies de agua doce destacam-se
os representantes da superordem Ostariophysi que representam 71% dessa fauna
(Reis et al. 2003). A prevaléncia dos Ostariophysi em ambientes de agua doce é
uma realidade mundial, uma vez que do total de espécies de peixes de agua doce
do mundo 75% sao Ostariophysi (Fink e Fink, 1981).

Uma hipo6tese para o sucesso evolutivo para dessa superordem pode ser
atribuido ao “aparato de Weber”, que consiste numa série de pequenos 0sSsos

articulados que se estendem da bexiga natatéria até ao ouvido interno (Briggs,



2005). Utilizando a bexiga natatéria como um amplificador e a corrente de 0ssos
como condutores, o aparelho weberiano, aumenta muito a sensibilidade auditiva
dos peixes, funcionando assim, como um enorme timpano (Pough, 2003). Esse
mecanismo é de grande valia pois serve de fuga contra os possiveis predadores e
pode estar relacionado também a alimentacao (Pough, 20083).

A superordem Ostariophysi compreende cinco grandes ordens:
Gonorhynchiformes, Cypriniformes, Characiformes, Siluriformes e Gymnotiformes
(Briggs, 2005). Os siluriformes apresentam uma distribuicdo mais ampla podendo
ser encontrados nas Américas do Norte e Sul, Eurasia e Africa; os cypriniformes
sdo0 encontrados na Eurasia, América do Norte e Africa; characiformes vivem na
América do sul e Africa; e os gymnotiformes existem somente na América do Sul
(Berra, 1981). Ha duas familias de siluriformes que se tornaram adaptadas a agua
salgada (Ariidae e Plotosidae), e nao ha ocorréncia dos otophysi na Australia, llha
de Madagascar e no oeste da india (Berra, 1981).

Dentre os Ostariophysi, os Characiformes sao peixes exclusivamente de
agua doce e encontram-se uma maior diversidade nas principais drenagens
neotropicais (Buckup, 1998). O confinamento dos Characiformes nesses habitats,
tem feito deles um importante grupo-modelo para diversos estudos biogeograficos
(Orti e Meyer, 1997). A aparente relagdo entre certos grupos de peixes de agua
doce entre a Africa e América do Sul tem sido observada pelos ictiélogos por mais
de um século (Lundberg, 1993). A distribuicdo geografica e a radiacao dos grupos
no Novo Mundo pode ter surgido por vicaridncia devido a movimentacdo das
placas tectonicas e como consequéncia a formacdo de uma fenda entre esses

dois continentes, originando assim o Oceano Atlantico possivelmente entre 85-100



milhdes de anos atras (Buckup, 1998; Orti e Meyer, 1997). Contudo ha ocorréncia
de fosseis na Europa e novos conhecimentos dentro das relacdes filogenéticas
com certos grupos de Characiformes indicam que um simples modelo de
vicaridncia nao pode explicar a presente distribuicado desse grupo. Por exemplo,
varios grupos africanos e neotropicais ndo sao monofiléticos embora fiquem
restritos a essas faunas continentais (Buckup, 1998 e Lundberg, 1993). Com isso,
diferentes hip6teses biogeograficas surgem por consequiéncia de hipéteses da
filogenia dos Ostariophysi, e esta claro que uma reconstrucdo filogenética é
necessaria (Saitoh et al. 2003).

Characiformes compreende atualmente 1.460 espécies divididas em 14
familias, sendo quatro africanas e as demais neotropicais (Reis et al. 2003). Os
Characiformes apresentam uma grande variacao na forma corporal, estrutura da
mandibula, denticdo e anatomia interna (Vari, 1998). Podem ser encontradas
espécies que alcancam cerca de 100 cm de comprimento total até espécies cujas
formas adultas ndo ultrapassam 15 mm de comprimento total, as chamadas
espécies miniaturas (Weitzman e Vari, 1988). Os representantes dessa ordem
podem viver em variados tipos de ambientes aquaticos e apresentam também,
uma dieta diversificada, incluindo animais detritivoros (curimatideos), passando
por representantes herbivoros (Colossoma sp.) e espécies predadoras de
nadadeiras e escamas e um notério grupo muito conhecido pelo seu habito
predatério — as piranhas (Orti e Meyer, 1997). Algumas espécies conseguem
retirar o oxigénio do ar, para isso elas apresentam adaptacdes morfo-fisiologicas
sobrevivendo assim, em ambientes com baixas concentracbes de oxigénio, por

exemplo, em pequenas poc¢as d’agua (Orti e Meyer, 1997).



Dentro da ordem Characiformes estdo espécies de grande importancia
ecoldgica e econbmica para o Brasil. Assim, temos muitas espécies utilizadas na
pesca comercial e esportiva e na aquicultura como o0s curimbatas
(Prochilodontidae), piaparas e piaus (Anostomidae), trairas (Erythrinidae), pacus,
tambaquis, dourados e matrinchas (Characidae), entre outros. Ha ainda um
enorme numero de espécies, principalmente da familia Characidae, e incluindo
todas as espécies de Gasteropelecidae, exportadas na forma de peixes
ornamentais, o que tem gerado importantes divisas para o pais, embora tenha
causado sérios impactos ambientais, além de servirem como indicador biolégico
pois esses animais vivem em igarapés, ou seja, lugares que devem manter um
bom estado de conservacao (Chao et al. 2001).

O primeiro autor que propbs que os Characiformes constitui uma unidade
natural foi Mduller (1842) reunindo diferentes membros comparando-os
previamente com outros grupos nao-ostariophysian Regan (1911) foi o primeiro
que utilizou o termo Characiformes, como Divisdo, reconhecendo seis familias
(Characidae, Gasteropelecidae, Xiphostomidae, Anostomidae, Hemiodontidae e
Citharinidae) e definindo-as por uma série de caracteres osteoldgicos.

Embora muitos grupos dentro da ordem Characiformes tenham sido objeto
de vérios estudos de taxonomia e sistematica, o conhecimento das relagcdes
filogenéticas da maioria de seus taxons € muito restrito. Assim, ainda que a
maioria das familias que compde a ordem Characiformes ja possa ser identificada
por caracteres sinapormorficos (ver referéncias em Reis et al. 2003), os estudos
filogenéticos na ordem nao sao compativeis com sua importancia ecolégica e

econdmica.



A primeira hipétese filogenética abrangente de base cladistica para os
Characiformes foi apresentada por Buckup (1991) e posteriormente publicada
(Buckup, 1998). Esse estudo, ainda que bastante importante deve ser visto com
muita cautela, pois o autor utilizou apenas de 27 tdxons em seu grupo-interno,
sendo apenas sete géneros de Characidae. Nesse estudo nenhum representante
de Gasteropelecidae e Serrasalmidae foram incluidos, como pode ser observado
na Figura 1.

Malabarba & Weitzman (2003), em uma andlise visando posicionar
filogeneticamente seu novo género de Characidae Cyanocharax, propuseram,
com base na presenca de ganchos principalmente nos raios das nadadeiras
pélvicas e anal de machos adultos, um grupo monofilético de “characids” incluindo
Gasteropelecidae, Roestinae, Serrasalminae, Cheirodontinae, Characinae,
Stethaprioninae, Iguanodectinae, Aphyocharacinae, Rhoadsiinae, parte de
Tetragonopterinae juntamente com géneros Incertae Sedis, os géneros Salminus,
Brycon, Bryconops, Lignobrycon, Triportheus e o chamado “Clade A”. Este ultimo
definido pela presencga sinapomérfica de uma nadadeira dorsal com férmula ii, 8
raios e quatro dentes na série interna do pré-maxilar. O “Clade A” de Malabarba &
Weitzman (2003) inclui, aléem de Cyanocharax e todos os Glandulocaudinae, os
géneros Piabina, Creagrutus, Caiapobrycon, Boehlkea, Bryconacidnus,
Ceratobranchia, Hemibrycon, Knodus, Microgenys, Montocheirodon,
Odontostoechus, Othonocheirodus, Piabarchus, Rhinobrycon, Rhinopetitia,
Attonitus e Hypobrycon. A familia Gasteropelecidae, cujos membros apresentam
espinhos Osseos nos raios das nadadeiras € 0 0sso supra-orbital, foram

agrupados com Roestinae, Salminus, Serrasalminae, Brycon, Bryconops,



Lignobrycon e Triportheus (Figura 2). Apesar de representar um avango no
entendimento das relagdes filogenéticas em Characiformes e particularmente em
Characidae, o estudo foi baseado em relativamente poucos caracteres (todos
observaveis sem disseccdo) sendo que a maior parte dos taxons do “Clade A” é
parte de uma grande politomia ndo resolvida. Além disso, recentemente Vari e
Ferraris (no prelo) relataram a presenca de ganchos nas nadadeiras de membros
da familia africana de Characiformes Distichodontidae.

Os estudos filogenéticos, utilizando dados de seqiéncia de DNA, com
representantes da ordem Characiformes tiveram inicio em 1996 com a publicacédo
de um estudo sobre a filogenia das piranhas e pacus (Orti et al. 1996), sugerindo a
existéncia de um padrao de relacionamento intergenérico ainda ndo conhecido
para o grupo. Estudos abrangentes com representantes da ordem Characiformes
foram publicados por Orti e Meyer (1996 e 1997) e os resultados foram revistos e
analisados, em conjunto, por Orti (1997), como mostra a Figura 3. Essas filogenias
resultantes desses dois trabalhos sdo bastante diferentes das demais propostas
para a ordem Characiformes com base em caracteres morfolégicos e muitos nés
nao sao suportados por valores altos de bootstrap. Essas discrepancias podem
estar relacionadas ao pequeno numero de grupos estudados e a pequena
quantidade de dados moleculares avaliada. Por outro lado, as rela¢des inter-
genéricas foram bem suportadas nas analises estatisticas Na filogenia obtida com
genes mitocondriais, Gasteropelecidae (representada pelos géneros Carnegiella e
Gasteropelecus) aparece como grupo-irmao de Anostomidae, Chilodontidae e

Crenuchidae (Figura 4). Nas filogenias obtidas utilizando um gene nuclear



Gasteropelecidae (representada pelo género Gasteropelecus) aparece como
grupo-irmao dos Characidae dos géneros Gymnocorymbus e Paracheirodon.

Mais recentemente, Calcagnotto et al. (2005) estudaram 135 taxons da
ordem Characiformes representando todas familias da Africa e América do Sul,
com excecao de Curimatidae e Gasteropelecidae, utilizando seis genes sendo
dois do DNA mitocondrial (16S e citocromoB) e quatro nucleares (Rag2, Fkh, Sia e
Trop). A analise de 3660 caracteres resultou em 18 arvores construidas com o
método de maxima parciménia. O uso de espécies de Siluriformes e Cypriniformes
como grupos externos mostrou que a ordem Characiformes é monofilética. Os
grupos africanos e sul-americanos nao formaram unidades monofiléticas. Algumas
das relagdes entre as familias de Characiformes aparecem bem resolvidas como a
monofilia de Distichodontidae e sua posicdo basal em relagdo aos demais
Characiformes. A relagcdo entre Alestidae e Characidae ficou evidente. Nesse
estudo Cynodontidae e Serrasalmidae aparecem mais relacionados as familias
Parodontidae, Hemiodontidae, Anostomidae, Curimatidae, Chilodontidae e
Prochilontidae. As relagbes entre representantes da familia Characidae foram bem

resolvidas, porém somente 24 géneros foram amostrados.

1.2 Consideracoes sobre a familia Gasteropelecidae

A familia Gasteropelecidae compreende um pequeno grupo de espécies de

Characiformes distribuidas no Panaméa e em todos os paises da América do Sul

com excecao do Chile (Weitzman e Palmer, 2003).



Os (gasteropelecides chamados popularmente de borboletas ou
“hatchetfishes”, podem ser diferenciados de todos os outros Characiformes por
terem uma cabeca muito reduzida, serem de pequeno porte ndo ultrapassando 12
cm, e apresentarem uma pequena linha lateral. Quanto as nadadeira encontramos
as seguintes diagnoses: a pélvica é diminuta, a dorsal esta bem atras do corpo
tendo de 8 a 17 raios, a anal é longa e apresenta de 22 a 44 raios, a caudal é
sempre furcada, a adiposa esta presente, exceto no género Carnegiella e a
peitoral € bem desenvolvida, podendo alcancar a nadadeira anal (Weitzman, 1960;
Nelson, 2006). Ainda segundo Weitzman (1960) aparentemente ha uma fusdo dos
0ssos poés-temporal e supra-cleitro, o cleitro de cada lado é fusionado, o pos-
cleitro estd ausente e os ossos frontais apresentam cristas formando 4 vales,
estes sdo preenchidos com tecido sensorial podendo estar relacionado com a
alimentacdo ou com a fuga de predadores, pois s&o capazes de sentir
perturbacdes na agua. Esses peixes sao invertivoros de superficie e sdo também
prontamente reconhecidos pela presenca de um coracéide extremamente
expandido e pelo tamanho das nadadeiras peitorais que permitem aos animais
desse grupo realizarem longos saltos fora da agua (Wiest, 1995). Associado a
esse coracoOide expandido esses peixes apresentam musculos bem desenvolvidos
e fixados aos 0ssos das nadadeiras peitorais, estruturas estas bem semelhantes a
asas das aves (Géry, 1977 e Wiest. 1995).

Alguns altores sugeriram que os gasteropelecides poderiam “voar” fora da
agua porém nao conseguiam explicar esse movimento (Géry, 1977). A principio
esses “v6os” seriam realizados com o auxilio das nadadeiras peitorais, mas

estudos recentes mostraram que 0s animais somente planam quando fora da



agua (Wiest, 1995; Weitzman e Palmer, 1996). Wiest (1995) estudou o
comportamento de salto desses peixes, usando um equipamento especial de
fotografia de alta velocidade (200 a 500 fotos por segundo) e observou que esses
animais ndo usam as nadadeiras peitorais enquanto saltam. Eles deixam a
superficie da agua impulsionando as nadadeiras peitorais para baixo, contra a
agua, e com a ajuda da nadadeira caudal propulsiona o peixe para fora d’agua.
Algumas hipdteses para tentar explicar esse comportamento seriam: ele estaria
relacionado a fuga de predadores, ou devido ao seu habito alimentar (esses
peixes podem comer pequenos insetos aéreos).

Segundo Weitzman e Palmer (2003), a familia € composta por trés géneros
e nove espécies. O género Carnegiella apresenta as espécies C. marthae, C.
myersi, C. schereri e C. strigata, ocorrendo em diversas partes da bacia
Amazébnica. Algumas espécies também sao nativas das Guianas e a espécie C.
marthae ocorre na bacia do Orinoco (Venezuela). O género Gasteropelecus
apresenta duas espécies: G. maculatus que ocorre no oeste e noroeste dos Andes
da Coldmbia e Panama e esta presente também na bacia do Maracaibo
(Venezuela), a espécie G. sternicla encontra-se nas bacias do Amazonas e
Orinoco além de rios costeiros das Guianas Inglesa e Francesa e do Suriname. Ha
possivelmente uma terceira espécie de Gasteropelecus, G. levis esta espécie é
encontrada na parte oriental da bacia Amazénica (Weitzman e Palmer, 1996). E
finalmente, o género Thoracocharax apresenta duas espécies, T. stellatus
amplamente distribuida pelas bacias do Orinoco, Amazénica e do Rio Paraguai, e

a espécie T. securis encontrada na bacia Amazénica (Weitzman e Palmer, 1996).
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Ainda que a maioria das espécies da familia j& devam ter sido descritas,
analises mais acuradas de amostras de diferentes localidades podem revelar a
existéncia de espécies adicionais (Weitzman e Palmer, 2003). As espécies do
género Carnegiella sdo um exemplo dessa problematica. Carnegiella marthae, as
vezes chamadas de borboleta de asa-preta, ha certamente uma diferenca entre os
nameros dos raios da nadadeira anal entre as espécimes do Rio Orinoco e do Rio
Negro (entre 22 e 25 raios); com as espécimes da Amazonia Peruana e do Rio
Madeira (26 e 30 raios) (Géry, 1977). A forma tipica dos rios Orinoco-Negro tém
sido chamada de Carnegiella marthae marthae, e a da Amazénia Peruana é
denominada Carnegiella marthae schereri (Géry, 1977).

Denominada muitas vezes de “borboleta prateada”, C. vesca da regiao das
Guianas e C. strigata da bacia Amazénica foram consideradas espécies distintas
(Weitzman 1954 e 1970), com base no formato do corpo, padrdo de coloracéo e
algumas outras diferencas. Somente depois de alguns estudos de populacdes de
muitas localidades as “borboletas prateadas” das bacias do rio Orinoco e
Amazonas, e dos rios costeiros das Guianas, foram encontradas variacées tanto
padrao de cor quanto no formato do corpo muito mais complexas do que se
pensava (Weitzman e Weitzman, 1982). Assim foi considerado que apesar ter
existirem essas diferencas seria melhor considerar uma Unica espécie, Carnegiella
strigata (Weitzman e Palmer, 1996). Porém, estudos mais aprofundados ainda
precisam ser feitos para tentar resolver esse problema (Weitzman e Palmer,
2003).

Nesse sentido, o estudo citogenético conduzido com uma amostra de

Thoracocharax coletada no Igarapé Sao Francisco (Rio Branco, Acre) mostrou que
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a mesma apresentava caracteristicas citogenéticas préprias e uma analise
morfolégica geral dos exemplares mostrou que haviam diferencas significativas
entre esses animais e os tipos da espécie o que levou os autores a assinalarem o
nome da espécie como Thoracocharax cf. stellatus (Carvalho et al. 2002),
segundo recomendacao do Dr. Heraldo A. Britskii que examinou detalhadamente
0S espécimes.

Os primeiros trabalhos relacionados a essa familia foram feitos por
Weitzman (1954) e aprofundado e revisto em 1960, sugerindo, com base
principalmente em suas observacdes osteoldgicas, que o género Thoracocharax
representava uma linhagem independente dentro do grupo (homeada no trabalho
de 1960 de tribo Thoracocharacini) e que os géneros Gasteropelecus e
Carnegiella representavam grupos irmao pertencentes a uma segunda linhagem
(nomeada no trabalho de 1960 de tribo Gasteropelecini). Ainda segundo Weitzman
(1954 e 1960), Carnegiella parecia representar uma forma neoténica de
Gasteropelecus e diretamente derivada dela.

Do ponto de vista filogenético, ha poucos trabalhos relacionados com essa
familia. Orti (1997) usando dois genes mitocondriais (12S e 16S rRNA) e um gene
nuclear (Ependimina) obteve duas filogenias. Na filogenia obtida com os genes
mitocondriais, Gasteropelecidae (representada pelos géneros Carnegiella e
Gasteropelecus) aparece como grupo-irmao de Anostomidae, Chilodontidae e
Crenuchidae. Nas filogenias obtidas utilizando um gene nuclear Gasteropelecidae
(representada pelo género Gasteropelecus) aparece como grupo-irmao dos

Characidae dos géneros Gymnocorymbus e Paracheirodon.
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O posicionamento filogenético de Gasteropelecidae é ainda um problema.
Buckup (1998) preferiu posicionar a familia no grupo dos incertae sedis dentro de
Characoidea, devido as suas caracteristicas morfoldgicas, bastante peculiares.
Malabarba & Weitzman (2003), usando caracteres morfolégicos tentou posicionar
filogeneticamente seu novo género de Characidae Cyanocharax inclui em seu
estudo a familia Gasteropelecidae. Apesar de representar um avango no
entendimento das relagdes filogenéticas em Characiformes, na topologia final
formou-se uma grande politomia ndo resolvida incluindo a familia
Gasteropelecidae juntamente com as subfamilias Roestinae, Serrasalminae e os
géneros Salminus, Brycon, Bryconops, Lignobrycon, Triportheus.

Quanto aos estudos citogenéticos também ha poucos estudos relacionados
com esse grupo. Hinegardner e Rosen (1972) estudaram a quantidade de DNA
em 275 espécies de peixes teledsteos, 0 maximo encontrado foi em Corydoras
aeneus com 4.4 picogramas de DNA e o minimo encontrado foi na espécie
Tetraodon fluviatilis com 0,39 picograma de DNA. A média geral ficou em torno de
1,2 picograma ja o conteldo de DNA dos Gasteropelecidae representados por
duas espécies, Carnegiella strigata e pelo Gasteropelecus levis foram de 1,4
picograma de DNA. Ainda segundo esses autores a quantidade de DNA
encontrada no nucleo nao significa que uma espécie € mais ou menos derivada
que a outra.

Scheel (1973) fez uma caracterizacao cariotipica de 359 espécies de
teledsteos, dentre eles 2 géneros (2 espécies) de Gasteropelecidae. Carnegiella
strigata com um numero haplétipo n=24 e com 45 bragos de cromossomos, e

outra espécie estudada foi Gasteropelecus sternicla com n= 27 e 38 bracos
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cromossomais. Segundo Carvalho et al. (2002) os numeros dipldides variam de
2n=48 a 2n=54 em Gasteropelecidae e algumas diferencas foram observadas
para populacbes locais. Uma caracteristica comum para a familia
Gasteropelecidae é a presenca de muitos cromossomos subtelocéntricos e
acrocéntricos. Todas espécies analisadas apresentaram NORs simples. O
conteudo de DNA nuclear varia de 2,18 £+ 0,09 pg DNA/nucleo em Thoracocharax
cf. stellatus a 2,8 pg em Carnegiella strigata e Gasteropelecus levis, sugerindo que
pequenas mudangas no conteudo de DNA foram fixadas durante a evolucédo do
grupo. A espécie Thoracocharax cf. stellatus apresentou um sistema de

cromossomos sexuais do tipo ZZ/ZW (Carvalho et al. 2002).

1.3 Consideracoes sobre os genes utilizados

O estudo das relagdes entre organismos tem recebido, nos ultimos anos,
um consideravel impulso com o advento das técnicas de sequenciamento de DNA.
O estudo filogenético empregando sequiéncias parciais do DNA mitocondrial em
peixes é uma realidade bastante atual, o que pode ser confirmado pelo grande
numero de trabalhos recentemente publicados com essa abordagem (Miya et al.
2003; Obermiller e Pfeiler, 2003; Banford et al. 2004; Doadrio e Dominguez, 2004;
Hrbek et al. 2004; Inoue et al. 2004; Shimabukuro-Dias et al. 2004; Peng et al.
2006 entre muitos outros).

Segundo Peng et al. (2006) o genoma mitocondrial inteiro tem sido

sequenciado em diversos grupos de vertebrados incluindo muitos peixes (carpa,
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Chang et al. 1994; lampréia, Lee e Kocher, 1995; bacalhau, Johansen e Bakke,
1996; bichir, Noack et al. 1996; celacanto Zardoya e Meyer, 1997; peixe cachorro,
Delarbre et al.1998, catfish, Jondeung et al. 2007, entre outros).

Caracteristicas peculiares, como herancga uniparental, geralmente materna,
a auséncia de recombinacado e as altas taxas evolutivas, quando comparado ao
genoma nuclear, fizeram do DNA mitocondrial (mtDNA) uma ferramenta
importante no estudo das relacbes evolutivas entre individuos, espécies e
populacdes (Calcagnotto, 2004).

De acordo com Peng et al. (2006) o genoma mitocondrial em
vertebrados € inteiramente conservado. Na verdade, a organizacdo génica
conservada do mtDNA é encontrada em alguns grupos taxonémicos (mamiferos
placentarios, tartarugas, alguns peixes 6ésseos e cartilaginosos e anfibios),
enquanto outros grupos (aves, alguns répteis e marsupiais) apresentam variacao
no numero e na ordem dos genes (Nahum, 2004).

A taxa de substituicdes sinbnimas (quando um nucleotideo é substituido por
outro sem causar alteracdo no aminoacido resultante) no genoma mitocondrial de
vertebrados foi estimada em 5,7x10¥/sitio/ano (Brown et al. 1982). Ainda segundo
esse autor, este valor € cerca de 10 vezes maior do que o encontrado no genoma
nuclear. Em relacdo as substituicbes nao sindénimas (quando ha alteracdo no
aminoacido), ha uma grande variagcdo entre os 13 genes que codificam para
proteinas, dependendo das restricdes funcionais, a exemplo dos genes nucleares.
A alta taxa de substituicdo de nucleotideos pode ser devida a uma alta de
mutacao que, por sua vez, poderia estar sendo causada pelo excesso de residuos

metabdlicos, ou pela auséncia de um mecanismo de reparo (Li, 1997).
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Pesole et al. (1999), analisando a variabilidade da taxa de substituicdo de
nucleotideos em diferentes regides funcionais do mitDNA de mamiferos,
verificaram que existe uma grande variabilidade em termos da dinamica evolutiva
da molécula. A taxa de substituicdo de nucleotideos varia dependendo da regido
considerada. Os sitios nao sinénimos, o dominio central da regido controladora e
os genes que codificam para tRNAs e rRNAs apresentam taxas mais baixas do
que os sitios sinbnimos e do que as duas regides periféricas da regiao
controladora (Pesole et al. 1999).

O tamanho do genoma mitocondrial pode variar de 6 Kb
(Plasmodium falciparum) a 20.000 Kb (Porphyra purpurea) e é geralmente uma
molécula circular e fechada, ndo ha presenca de introns e alguns genes se
sobrepdem (Nahum, 2004).

Segundo Lewin (2004) ha 13 genes que codificam proteinas. Ainda
de acordo com esse autor, todas as proteinas fazem parte da cadeia respiratoéria,
envolvidas na fosforilacdo oxidativa e transporte de elétrons. Os genes envolvidos
nesses processos sao 0s seguintes: citocromo b, as 3 subunidades do citocromo
oxidase, uma das subunidades da ATPase e 7 subunidades de NADH
desidrogenase. A molécula de mtDNA apresenta também 2 genes que codificam
RNAs ribossémicos (rRNAs 12S e 16S), e 22 genes que codificam RNAs
transportadores (tRNAs) (Brown, 1999). A presenca desses genes para rRNAs e
tRNAs significa que ndo ha necessidade de importar esses genes para a
mitocéndria vindos do citoplasma (Brown, 1999). Ainda de acordo com Brown
(1999) os genes estdo presentes apenas para 22 tRNAs, menos que o0 minimo

geralmente necessario para ler o cédigo genético. Isto significa que as regras-
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padrdao de pareamento cédon-anticédon tém que ser suplementadas por uma
“superoscilacdo” que permite que alguns tRNAs reconhegcam todos os quatro
cédons de uma unica familia. Peng et al. (2006) esta caracteristica conservada
facilita o alinhamento e a identificagdo das espécies

No genoma mitocondrial, dois grupos de genes sa&o mais
amplamente utilizados, os que codificam para rRNA e para proteinas. Os genes
ribossomais sdo mais conservados, embora contenham uma regido que possui
variagao suficiente para ser utilizada na reconstrugao filogenética no nivel de
espécie. Entre os genes mitocondriais que codificam proteinas, ha uma grande
variedade de niveis de conservacao. Por exemplo, o gene para COIl é altamente
conservado, enquanto os para ATPase 6 e 8 sao altamente variaveis (Hillis et al.
1996).

O gene 16S rRNA faz parte da grande subunidade ribossomal do
mMtDNA assim como o 12S rRNA (Palumbi et al. 1996). As seqliéncias desse gene
sdo razoavelmente conservadas e evolui mais devagar do que o genoma
mitocondrial como um todo (Palumbi et al. 1996). Ainda segundo esse autor,
existe uma consideravel variagdo em algumas espécies, podendo ser usado para
estudos em nivel de populagao.

O gene citocromo b codifica uma proteina relacionada a cadeia de
transporte de elétrons. A quimica e acado dessa proteina ainda nao sdo bem
conhecidas (Palumbi et al. 1996). Irwin et al. (1990) examinaram, a evolucédo do
citocromo b em mamiferos e Martin e Palumbi (1993) compararam esses
resultados da evolucdo dessas proteinas em tubardes. Ambos estudos

observaram que o nivel de conservagdo variou significamente em diferentes
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partes do gene citocromo b. A regido final 3° do sentido da fita € mais variavel,
enquanto a parte codificante do gene é altamente conservado.

O gene da subunidade citocromo oxidase também participa da
cadeia transportadora de elétrons (Palumbi, et al. 1996). Ainda segundo esse
autor, esta sequiéncia de nucleotideos é altamente conservada, caracteristica
importante, pois é facil alinhar as sequUéncias e pode-se desenhar primers
universais.

No presente trabalho foram utilizados fragmentos de trés genes
mitocondriais (16S rRNA, citocromo b e citocromo oxidase |) e dois genes
nucleares (Sia e Trop). O uso desses genes tem sido utilizado com sucesso em
estudos filogenéticos de diversos grupos de vertebrados apresentando resultados
(peixes, Calcagnotto et al. 2005; sapos, Garcia-Paris et al. 2003; aves, Ericson et
al. 2006; cervideos, Gilbert et al. 2006; cobras, Noonan et al. 2006; boi, Robiquet
et al. 2005 entre outros).

O uso de genes nucleares em trabalhos de filogenia é bem
interessante, pois esses genes apresentam taxas evolutivas mais lentas (os genes
sdo mais conservados) do que em relagdo aos genes mitocondriais,
consequentemente pode-se resolver as relagdes de grupos taxondmicos
superiores, nivel de familia e ordens, por exemplo (Slowinski e Page, 1999). Ainda
segundo esses autores, o ideal seria combinar dados obtidos de mtDNA e de
NUDNA, pois as histérias dos genes sao independentes, porém, existe uma
desvantagem de reunir esses resultados, pois 0s dados deverao ser consistentes.

O gene nuclear a-tropomiosina é responsavel pela producao de uma

proteina — tropomiosina — que em conjunto com outra proteina, Troponina,
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medeiam a regulacdo da contracdo dos musculos esqueléticos por meio dos ions
Ca* (Alberts, et al. 2006).

De acordo com Matsuzawa et al., (1998), em Drosophila o gene sina
(seven in absentia) € um gene que esta relacionado com o desenvolvimento do
olho. Em vertebrados, existe um gene homélogo ao sina, chamado Siah (SINA-
homologous) e esta organizado em uma familia (Siah-1A, Siah-1B e Siah-2).
Segundo esses autores embora as funcbes das proteinas produzidas a partir
dessa familia de genes ndo sejam conhecidas totalmente, acredita-se que Siah-
1B, identificada recentemente, pode estar relacionada com a proliferacéo celular.

Kim et al., (2006) analisaram pela primeira vez, a regulacdo do gene siah
em humanos e concluiram que esse gene é controlado pela concentracdo de
acido retindico. O &cido retindico é um metabdlito ativo da vitamina A e esta
relacionado com a regulacdo do desenvolvimento do sistema nervoso central, por
exemplo, a migracdo das cristas neurais e pela diferenciagcdo das células
mieldides.

O numero de estudos publicados que usam genes nucleares em
estudos filogenéticos ainda é pequeno em relagdo ao numero daqueles que
utilizam genes mitocondriais. Contudo, diversos trabalhos tém sido publicados nos
ultimos anos mostrando a utilidade desses genes em estudos de diversos grupos
de peixes (Orti e Meyer, 1996; Orti, 1997; Lovejoy e Collete, 2001; Lavoué et al.
2003; Hardman, 2004; Near et al. 2004; Moyer et al. 2004; Quenouille et al. 2004;
Calcagnotto et al. 2005) e espera-se que nos proximos anos muitas filogenias

baseadas em genes nucleares estejam disponiveis.
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Figura 1. Hipdtese de relacionamento entre as familias de Characiformes e alguns
géneros de Characidae segundo Buckup (1998). Os numeros identificam os

clados discutidos pelo autor da hipétese.
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Characidae, Gasteropelecidae e Roestinae segundo Malabarba e Weitzman

(2003).
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Figura 3. Arvore de consenso obtida para 38 taxons de Characiformes utilizando
sequUéncias parciais dos genes mitocondriais 12S e 16S rRNA, segundo Orti
(1997). Os numeros acima e abaixo dos ramos representam os valores de
bootstrap obtidos nas analises de maxima parcimbnia e “neighbor-joining”

respectivamente. Os géneros marcados em negro representam grupos africanos.
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Figura 4. Arvores de consenso obtidas para Characiformes e outros grupos
externos utilizando seqiiéncias parciais do gene ependimina, segundo Orti (1997).
Em (a) foram utilizadas todas as posicdes e em (b) foram excluidas as transicoes
nas terceiras posi¢des dos cédons. Os niumeros acima dos ramos representam os
valores de bootstrap obtidos nas andlises de maxima parciménia. Os géneros

marcados em negro representam grupos africanos.
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2. OBJETIVOS

O presente estudo esta associado diretamente ao Projeto Tematico
“Relagdes filogenéticas em Characidae (Ostariophysi: Characiformes)” que tem
por objetivo principal a analise das inter-relagdes filogenéticas de representantes
de todos géneros de Characidae reconhecidos como validos e das familias de
Characiformes ja consideradas. Ainda que a familia Gasteropelecidae seja bem
conhecida sob o ponto de vista taxonémico até o momento nenhum estudo
evolutivo foi realizado com este grupo. Assim, o conhecimento atual sobre as
relacdes internas do grupo e suas relagdes com outros Characiformes sao

praticamente desconhecidas. Por isso, como objetivos especificos foram:

1- Elaborar e testar hip6teses de relacionamento entre 0os géneros e espécies da

familia Gasteropelecidae;

2- Elaborar e testar hip6teses de relacionamento da familia Gasteropelecidae com

outros taxons de Characiformes.
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3. MATERIAL E METODOS

3.1 MATERIAIS

Foram analisados de 19 exemplares de 9 espécies (seis géneros) de
Characiformes, incluindo representantes dos trés géneros de Gasteropelecidae
(Tabelas 1 e 2). A Figura 8 mostra representantes da familia Gasteropelecidae. Os
animais foram obtidos através de coletas realizadas ao longo do periodo de
estudo, de amostras da colecdo do Laboratério de Biologia e Genética de Peixes
do IB/UNESP, campus de Botucatu e através de doacao do Smithsonian Institution
do Panama (Gasteropelecus maculatus) e da Universida de Oriente da Venezuela
(Thoracocharax stellatus). Todos os exemplares coletados foram fixados em
formol 4%, conservados em alcool 70% e encontram-se depositados na colecao
do Laboratério de Biologia e Genética de Peixes do Departamento de Morfologia,
IB-UNESP de Botucatu, SP, para identificagéo e realizagdo de estudos futuros de

taxonomia e sistematica. Os pontos de coleta estdo mostrados na Figura 9.
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Tabela 1. Espécies da familia Gasteropelecidae utilizadas no presente estudo.

L REGISTRO ESPECIE LOCALIDADE MUNICIPIO Latitide/Longitude
sz T T o - -
3167 19318 Ci@i’,-giii”a ROFelo Rio Pretoda EvasaM > 9249 16€
4177 22802 C‘Z;’r’iggg”a 'gF;arggé Cruzeiro do Sul/AC v?/ %:ﬁg?g:‘;’..
v e OmSOR WS oysum SN
woo men  Camemdle  BEmS  ogw  SEES
o T4 o MG et §SIIET
o s OO LD ae SRS
4179 22801  TMeracocharax gy poq Méncio Lima/AC e,
3942 ggggg Tho\;l%cll(;ligi " Rio Orinoco Orinoco?l??ci)m;?/s/ilnezuela \%06769‘-’ ?gggg
3291 1ogeg  CASIEOPEleCUs gy g Panama et
3208 19871 CIRERCLS ieardia Panama Woareirass
4070 52803 Gasteropelecus g, apiim Méncio Lima/AC N aees,

Tabela 2. Espécies adicionais da ordem Characiformes sequenciadas no presente

estudo.

LLCI>3TPE REGISTRO  ESPECIE  LOCALIDADE MUNICIPIO Latitude/Longitude

Bryconops ~ Corrego S 15°52'40.1"

1815 13112 sp. Agua Funda Barra do Gargas/MT W 52°18'15.0"

Salminus Represa . S 19°34,630'

2711 7616 hilari Jurumirim hatinga/SP W 57°01,123'

Salminus Rio Mogi- . S 21°55'37.6"

850 9025 brasiliensis Guacu Pirassununga/SP W 47°22'04.4"

Triportheus . , S 19°34,630'

39 3501 pantanesis Rio Miranda Corumba/MS W 57°01,123"

2663 15580 Triportheus ~ Laguna de Caicara Del N 07°30°'50,9”

orinocensis  Castilleros  Orinoco/Bolivar/Venezuela W 66°09'19,8”
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Figura 8. Representantes da familia Gasteropelecidae. (a) Thoracocharax
stellatus; (b) Gasteropelecus maculatus; (c) Gasteropelecus sternicla; (d)
Carnegiella strigata, (e) Carnegiella marthae.
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Figura 9. Locais de coleta de Carnegiella strigata: (A) Rio Preto da Eva, Rio Preto
da Eva, AM; (B) lgarapé Preto, Cruzeiro do Sul, AC; (C) Igarapé Puxirituba,
Barcelos, AM; Carnegiella marthae: (C) Igarapé Puxirituba, Barcelos, AM;
Thoracocharax stellatus: (D) Rio das Garcas, Barra do Gargas, MT; (E) Lago do
Vanico, Carero, AM (F) Rio Moa, Mancio Lima, AC; (G) Rio Orinoco, Caicara del
Orinoco, Bolivar, Venezuela; Gasteropelecus maculatus: (H) Rio Iglesi, Panama;
Gasteropelecus sternichla: (I) Rio Japiim, Mancio Lima, AC; Bryconops sp.: (J)
Cérrego Agua Funda, Barra do Garcas, MT; Salminus hilarii; (L) Represa
Jurumirim, ltatinga, SP; Salminus brasiliensis: (M) Rio Mogi-Guacu, Pirassununga,
SP; Triportheus pantanesis: (N) Rio Miranda, Corumba, MS; Triportheus
orinocensis: (O) Laguna de Castilleros, Caicara del Orinoco, Bolivar, Venezuela.
Os numeros no mapa indicam as bacias hidrograficas da regido Neotropical: (1)
Bacia do Amazonas, (2) Bacia do Orinoco, (3) Bacia das Guianas, (4) Bacia do
Magdalena, (5) Bacia da Regidao Costeira Ocidental, (6) Bacia do Nordeste, (7)
Bacia do Sao Francisco, (8) Bacia do Prata, (9) Bacia da Regido Costeira Oriental,
(10) Bacia da Patag6nia.
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3.2 METODOS

3.2.1 Extracao de DNA genémico de tecidos sdlidos

O DNA total foi extraido de tecidos preservados em etanol 95%, usando a
técnica descrita por Sambrook et al. (1989), que consiste resumidamente dos
seguintes passos: liberacdo do DNA pela acdo combinada de detergentes,
proteinase K e RNAse, lavagem com fenol/cloroférmio e precipitagdo do DNA pelo

cloreto de sédio e etanol, conforme descrito a seguir:

a) fragmentar os pedacos de figado, branquias ou musculos em cadinhos com
macerador;

b) adicionar ao tecido 500 pl de solugdo de digestdao (NaCl 5M; Tris-HCI 2M
pH=8,0; EDTA 0,5M pH=8,0; SDS 10%; Proteinase K 10mg/ml; Agua Milli-Q)

c) transferir o tecido macerado com a solucéo para um microtubo de 1,5mi;

d) colocar em banho-maria a 55°C por 2 horas. Passado esse tempo, cada
microtubo recebe 2,0ul de RNAse (10mg/ml), permanecendo por mais duas horas
no banho a essa temperatura;

e) retirar os tubos do banho-maria e adicionar 500ul de Fenol;

f) agitar os tubos suavemente por cerca de 10 minutos, até misturar bem os
componentes;

g) centrifugar por 15 minutos a 13.000 rpm

h) transferir o sobrenadante (DNA) para microtubos novos, tomando cuidado para

nao pegar a camada de proteinas;
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i) repetir os itens e a h por 2 vezes;
j) adicionar Fenol: Cloroférmio: Alcool isoamilico (25:24:1)
k) repetir os passos f ao h
l) acrescentar 1/10 volume de NaCl 5M (50ul) + 2 volumes de etanol 100%
(1000ul) gelado e agitar suavemente para precipitar o0 DNA;
m) centrifugar por 30 minutos a 13.000 rpm;
n) descartar o sobrenadante, acrescentar 1000ul de etanol 70% gelado e
centrifugar por 15 minutos a 13.000 rpm;
0) descartar o sobrenadante e levar o microtubo para a estufa a 37°C até evaporar
todo o alcool;
p) adicionar até 200ul de agua Milli-Q para eluir o DNA.

A integridade do DNA foi checada em gel de agarose 1% corado com
brometo de etidio. A quantidade de DNA foi avaliada por comparagdo com um
marcador de peso molecular (Low DNA Mass — Invitrogen), mediante o programa

computacional Kodak Digital Science 1D.

3.2.2 Reacao de amplificacao

Para amplificar os fragmentos dos genes de todas as espécies usadas no
presente trabalho, utilizou-se a tecnologia de PCR (Polymerase Chain Reaction) e
primers (Tabela 3) especificos desenhados a partir das seqliéncias prévias
publicadas por Calcagnoto et al. (2005). Alguns primers (Cyt b H 15915b, L5698-

Asn e H7271-COl) foram desenvolvidos pelo Dr. Claudio de Oliveira e tém sido
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utilizados com sucesso em projetos de seqlenciamento de diversos grupos de

peixes.

Tabela 3: Sequéncias dos primers utilizados na amplificacdo dos fragmentos dos

Referéncia

genes.
Gene Sequéncia do Primers

16S ar ACG CCT GTT TAT CAA AAA CAT

16S br CCG GTC TGA ACT CAGATCACGT

Cytb L 14841 CCA TCC AAC ATC TCA GCA TGA TGA AA

Cyt b H15915b AAC CTC CGA TCT TCG GAT TAC AAG AC

L-5698-Asn AGG CCT CGA TCC TAC AAA GKT TTA GTT AAC

H 7271- COI GTG GTG GCG TCA TAC AAT AAA

TROP F GAG TTG GAT CGC GCT CAG GA GCG

TROP R CGG TCAGCC TCT TCAGCAATGTGCTT

Sia/T3° ATT AAC CCT CAC TAA AGT CGA GTG CCC CGT GTG YTT YGA YTA

Sia/T7° AAT ACG ACT CAC TAT AGG AAG TGG AAG CCG AAG CAG SWY TGC ATC AT

Kocher et al., (1989
Kocher et al., (1989
Kocher et al., (1989
Kocher et al., (1989
Inoue et al., (2001)
Novo
Calcagnotto et al., (2005)
Novo
Calcagnotto et al., (2005)
Calcagnotto et al., (2005)

)
)
)
)

* Sentido 5" — 3’

As amplificagées foram realizadas num termociclador MJ Research, INC,

modelo PTC-200™ Programmable Thermal Controller, utilizando a seguinte

reacao:
Agua Milli-Q 19,44l
dNTP (8mM) 0,5ul
Tampéo 10X 2,5ul
Primer Forward (10uM) 0,5ul
Primer Reverse (10uM) 0,5ul
MgClz (50mM) 0,5ul
Taq (5U/pl) 0,1l
DNA concentragao 1,0ul*
Volume Final 25,0pl

* quantidade variavel devido a concentragdo do DNA
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Cada ciclo da técnica da PCR consiste, basicamente, da denaturacao,

anelamento e extensdo. Esses ciclos variaram dependendo do primer utilizado

seguindo as condicbes basicas usadas por Calcagnotto et al. (2005), porém ao

longo do trabalho, esses ciclos sofreram adaptagdes para obter melhores

resultados como mostra na Tabela 4. A Figura 10 mostra um esquema da

molécula de mtDNA localizando as posicdes dos genes utilizados no presente

estudo. A posigcao correta e o tamanho do fragmento obtido dos genes utilizados

no presente trabalho foi baseada no seqtienciamento total do genoma mitocondrial

de Cyprinus carpio (carpa), contendo 16.575 bp, e apresenta o seguinte numero

de acesso X61010 no GenBank, como pode ser observado na Tabela 5. Na Figura

11 esta apresentado o segmento do gene a-tropomiosina sequtiénciado no

presente estudo.

Tabela 4: Condicoes da PCR usadas para cada gene.

Primer Denaturacao (95°) Ciclos Extensao (68°C)

16S 10 min 35X 95°C/30s,48°C/45s, 68°C/45s 7 min
Cytb 5 min 30X 95°C/30s,48°C/45s, 68°C/90s 7 min
COXI 30 seg 30X 95°C/30s,50°C/1min, 68°C/2min 5 min

Trop 10 min 30X 95°C/30s,55°C/30s, 68°C/45s 7 min

Sia 5 min 30X 95°C/30s,48°C/30s, 68°C/45s 7 min
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Figura 10. Esquema da molécula de mtDNA, mostrando a localizagdo dos genes

utilizados no presente estudo.

Tabela 5. A posicdo dos segmentos dos genes utilizados no presente estudo,
baseado no sequenciamento total do genoma mitocondrial da espécie Cyprinus

carpio (numero de acesso X61010), contendo 16.575 pb.

. Posicao do Posicao do Tamanho do
Gene Po&gzg do Primer Primer fragmento
9 Forward Reverse obtido
16S rRNA 2021-3701 2919 3542 623
Citocromo
oxidase | 6369-7949 6402 7108 706
Citocromo b 15293-16575 15357 16495 1138
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54361

54421
54481
54541
54601
54661
54721
54781

54841
54901

54961
55021

55081

55141

Intron 3
tcaaactaca

taagggtagt
aattatttca
atttacccct

taaaaaaata

ttaggatcaa
cacaggtatt
ccteccacttyg

ttacgatgta aactttagaa

cagtataatt ataaatgtaa
tttaagggat agttcaccca
ttccaaacct gtttaagttt

agatagtctg aggttgtagg aaaaaactgc cattgacttc
acaatggata tcgaaggttg ttttttctga cattcttcag

actctctaaa
atcaaatgat

aacactagaa
acatgtaagt

gctatctctt tatgtgaaat
gttagtatat acatttagta

acaggattag

ctacatgaat
aaaatgaaaa
cttcecgttaa
catagtattt
actatcttca
gaacaaadgta
agcctcatga
Exon 4

tggtgtggcet

tagttacatt
ttctgtcatce
acacaaataa
ttttgcctcect
tttgtgttca
agcgcactgt
tattccggaa

gcatttataa catccaaacc catctgttgt gtctctcaga _

Intron 4

aaccattata ctctaaacgg atcatttcca acaaataaca gtgatgtaaa caagtacact

Exon 5

tasactectt gtgatggtgt acaciESGEENSHESSGEEGGNEGSEEERTRNNEE

Intron 5

Figura 11. Segmento do gene a-tropomiosina de Danio rerio (Genbank AL845510)

mostrando o segmento seqiénciado no presente estudo. Em vermelho estdo os

nucleotideos que se anelam aos primers utilizados.
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3.2.3 Visualizacao do DNA amplificado em gel de agarose

preparar o gel de agarose a 1% (0,1g de agarose/1ml de tampao TAE 1X);
depositar a agarose, ainda liquida, sobre a placa. Colocar o pente e esperar
solidificar. Retirar o pente e cobrir com TAE diluido (1X) na cuba de
eletroforese;

aplicar o DNA Ladder 1 Kb plus, depois o produto de PCR das amostras
(2ul de amostra + 3ul do corante Blue Juice 10X)

corar com brometo de etidio (100 mg/ml) durante 30 segundos

descorar por 10 minutos

fotografar em camera digital e analisar as bandas obtidas por meio do
programa Kodak “Electrophoresis Documentation and Analysis System 120”
a partir do marcador utilizado.

Com base nesses dados foi possivel determinar a quantidade de DNA de

cada amostra para a realizagdo da reacao de sequenciamento.

3.2.4 Purificacao do produto da PCR

Protocolo do PEG (PolyEthylene Glycol) desenvolvido por Travis Glenn e esta

disponivel no endereco http://www.uga.edu/srel/DNA_Lab/PEG_Precip’00.rtf

a)
b)
c)

d)

25ul do produto de PCR;
adicionar 25ul do PEG ao produto de PCR,;
incubar a 37°C por 15 minutos;

centrifugar por 15 minutos a 14.000rpm;
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e) retirar o sobrenadante por aspiracao;

f) adicionar 63ul de etanol 80% gelado;

g) centrifugar por 1 minuto a 14.000rpm;

h) retirar o sobrenadante por aspiracao;

i) repetir os passos f a h;

j) descartar o sobrenadante e colocar os microtubos na estufa a 37°C até
secar o produto de PCR

k) eluir o produto de PCR em 12,5ul TE 1X.

3.2.5 Reacao de amplificacao para o seqiienciamento

Os primers utilizados na reacdo de PCR de seqlenciamento sao os
mesmos das reagcbes de amplificagdo, na concentragdao de 10uM. Somente para o
gene mitocondrial Cyt b foram feitas duas réplicas do primer forward e reverse
para cada produto de PCR purificado, devido ao seu tamanho (cerca de 1.200
pares de bases).

Para cada amostra a ser sequenciada preparar a reagao (MIX):

Pré-Mix (Kit) 2ul
Primer Fe R 2ul
DNA Até 5ul
Agua Milli-Q Xul
Volume total qul

As condicdes da PCR de sequenciamento foram: um ciclo inicial de

denaturacado a 95°C por 2 minutos, seguido de 30 ciclos a 95°C por 45 segundos,
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50°C por 30 segundos para anelamento dos primers e 60°C por 2 minutos,

estendendo a cadeia.

3.2.6 Purificacao do DNA amplificado na reacao de seqiienciamento e analise

das amostras em sequenciador ABI prism 377

Apés o final da amplificacdo procedeu-se, como descrito abaixo, a reacao
de retirada dos dideoxinucleotidoes nao incorporados no DNA.

a) adicionar 1pl de acetato de sédio 1,5M/ EDTA 250MM e 80pl de etanol 95%
gelado em cada microtubo contendo o produto de sequienciamento;

b) misturar no vortex rapidamente e centrifugar a 4°C por 30 minutos a
14.000rpm. Remover o sobrenadante cuidadosamente por aspiragao;

c) adicionar 400ul de etanol 70% gelado e, em seguida centrifugar por 10
minutos a 14.000rpm;

d) descartar cuidadosamente o sobrenadante por aspiracdo manter o material
protegido da luz e secé-lo por cerca de 1 hora na estufa a 37°C. O pellet
seco pode ficar guardado por até 2 meses a 4°C protegido da luz.

As amostras amplificadas e purificadas foram analisadas em um
seqlienciador automatico ABI PRISM™ 377 DNA Sequencer (Perking-Elmer) de
acordo com os procedimentos a seguir:

a) lavar as placas com detergente Extran 1%, enxaguar bem
(aproximadamente 10 minutos) com agua da torneira quente e, em seguida,
enxaguar com 2,0l de agua Milli-Q a 85°C. Colocar em suporte adequado

para secagem;

37



b)

d)

colocar o cassete de montagem da placa sobre a bancada e sobre este a
placa anterior. Sobre as bordas da placa anterior, colocar os espacadores
e, em seguida colocar a placa posterior. As anotagdes em relevo na placa
devem ficar voltadas para fora;

alinhar as placas e desliza-las até o encaixe de recorte da placa anterior
com o pino existente na extremidade do cassete;

fechar as presilhas e colocar o adaptador onde sera encaixada a seringa
com gel de poliacrilamida;

preparar o gel de poliacrilamida (5% Long Ranger, 6M Uréia, 1X TBE) como

segue:
Uréia 18¢
Agua Milli-Q 25ml
Long Ranger 50% 5ml
TBE 10X 5ml
Persufato de aménio 250pl
TEMED 35ul

misturar os quatro primeiros reagentes e filtrar em membrana com poros de
<0,45um. Adicionar o persufato e o TEMED no momento da aplicacdo do
gel nas placas;

misturar suavemente a solucdo e, em seguida, transferir o gel para uma
seringa de 50ml que deve ser imediatamente acoplada ao local de
aplicacao do gel para preenchimento das placas anteriormente preparadas;
aplicar o gel nas placas e, em seguida colocar o pente invertido no local

apropriado entre as placas (lado oposto ao da aplicacédo);
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esperar no minimo 1 hora e 30 minutos para total polimerizacao;

remover o pente e lavar as placas sem retira-las do cassete. As placas
deverdao estar completamente limpas, sem restos de poliacrilamida ou
fragmentos de papéis utilizados para limpeza e secagem:;

preparar 1,51 de TBE 1X para encher as cubas anddica e catodica;

colocar a cuba de cor ambar na parte de baixo do seqtienciador, encaixar o

cassete com as placas no sequenciador r fechar as presilhas;

m) fechar a porta do seqglenciador e fazer um Plate check das placas para

verificar se elas estao limpas;

encher as cubas com o tampéo TBE 1X. Nao se deve ultrapassar os limites
marcados como maximo;

iniciar a pré-corrida para estabilizagcdo do meio e para atingir a temperatura
de 51°C;

durante a pré-corrida ressuspender as amostras em 4,0ul de tampéao
carregamento (Formamida: Blue dextran - 5:2). Passar os tubos pelo vértex
e denaturar as amostras por 5 minutos a 95°C. Coloca-las imediatamente
no gelo apds a denaturagao;

apdés 10 minutos de corrida, aplicar de 40ul de tampao de carregamento no
gel. Fechar a porta e deixar correr por dois minutos. Abrir a porta e retirar o
excesso de corante com a seringa cheia de tampao de corrida;

colocar o pente de modo que toque todo o gel ao mesmo tempo,
deslizando-o de forma que n&o se incline. Introduzi-lo apenas 2mm no gel.
Depois de introduzido ndo se pode ser removido, pois ocasionara

vazamento das amostras;

39



s) aplicar 0,8ul de amostra nos pocinhos impares;

t) fechar a porta do sequienciador e esperar 5 minutos e aplicar o restante das
amostras nos pocinhos pares, evitando assim a mistura das amostras;

u) cancelar a pré-corrida

v) verificar o numero de linhas, o tamanho da placa, a matriz adequada, o
namero de horas de corrida e importar a lista de amostras;

w) iniciar a corrida

X) apos o término da corrida (7 horas), posicionar as linhas sobre as amostras

que aparecem na imagem do gel.

3.2.7 Alinhamento e analise das sequiéncias e analise filogenética

As sequéncias foram alinhadas usando o programa ClustalW
(Thompson et. al., 1994) implementado no programa DAMBE versao 4.0.65

(Xia e Xie, 2001) e BIOEDIT (Hall, 1999).

A variacao e o padrao de substituicao de nucleotideos e a distancia
genética foram examinadas utilizando-se o programa MEGA 3.1 (Kumar et al.
2001). A saturacao de nucleotideos foi analisada plotando-se o numero
absoluto de transicoes (Ti) e transversoes (Tv) contra os valores de distancia
genética com o uso do programa DAMBE versao 4.0.65 (Xia e Xie, 2001). O
programa Modeltest (Posada e Crandall, 1998) foi utilizado para selecionar o
modelo de substituicao nucleotidica que melhor se ajustava aos dados

obtidos.
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As analises filogenéticas baseadas em maxima parcimoénia (MP) foram
realizadas com o Programa PAUP* versao beta 4.0b10 (Swofford, 2002) e TNT
(Golobof et al. 2006). As filogenias obtidas foram testadas utilizando o
método de bootstrap (Felsenstein, 1985) usando-se 1000 réplicas e o indice
de decaimento de Bremer (Bremer, 1988). As analises probabilisticas
(bayesianas) foram realizadas com o programa MrBayes 3.1 (Huelsenbeck e
Roquist, 2001). As arvores de parciménia foram geradas usando as
proporcoes Ti/Tv de 1:1 e 1:2 e considerando os gaps como dados perdidos

ou como uma quinta base.

As arvores de consenso foram produzidas com o programa
TreeExplorer implementado no programa MEGA 3.1 (Kumar et al. 2001). As
analises filogenéticas dos dados moleculares seguiram as recomendacoes

de Swofford et al. (1996), Nei e Kumar (2000) e Felsenstein (2004).
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4. RESULTADOS

Foram seqiienciados segmentos de trés genes mitocondriais, 16S
rRNA, citocromo b e citocromo oxidase | e dois genes nucleares, sia e trop.
Os resultados obtidos das amostras seqlienciadas estdao apresentados na
Tabela 6. Os alinhamentos finais das seqiiéncias obtidas estao apresentados
nos Apéndices | e ll. Seqiiéncias adicionais de Characiformes foram obtidas

no GenBank (http://www.ncbi.nim.nih.gov), como mostra a Tabela 7.
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Tabela 6. Amostras seqlienciadas no presente estudo.

LOTE REGISTRO ESPECIE GENES
GRUPO INTERNO 16S Coxl CytB Sia Trop
17027 . . Ok Ok OK OK
2512 17030 Carnegiella strigata OK OK OK OK
3167 19318 Carnegiella strigata Ok Ok OK Ok
4177 22802 Carnegiella strigata Ok Ok Ok Ok Ok
4200 23602 Carnegiella strigata Ok Ok Ok
4199 23601 Carnegiella marthae Ok Ok Ok
11714 Ok Ok Ok Ok
1588 11716 Thoracocharax stellatus Ok Ok Ok Ok Ok
1694 12769 Thoracocharax stellatus Ok Ok Ok Ok
4179 22801 Thoracocharax stellatus Ok Ok Ok Ok
200 8740 Thoracocharax stellatus Ok
22595 Ok Ok Ok
3942 55596 Thoracocharax stellatus Ok Ok Ok Ok
Gasteropelecus
3291 19869 maculatus Ok Ok Ok Ok
Gasteropelecus
3297 19868 maculatus OK Ok Ok
Gasteropelecus
3298 19871 maculatus Ok
4070 22974 Gasteropelecus Ok
22803 sternicla Ok
GRUPO EXTERNO
Characidae
1815 13112 Bryconops sp Ok Ok Ok Ok
2711 7616 Salminus hilarii Ok Ok Ok Ok
850 9025 Salminus brasiliensis Ok Ok Ok Ok
39 3501  |rportheus Ok Ok Ok Ok
pantanensis
2663 15580 Triportheus orinocensis Ok Ok Ok Ok Ok
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Tabela 7. Sequéncias adicionais obtidas no GenBank, com o seu respectivo

cédigo de acesso.

Genes e codigos de acesso

Familia/Espécie 16S CytB Sia Trop
Anostomidae
Leporinus sp AY788044 AY791416  AY790102  AY817252
Anostomus anostomus AY787954 AY791352  AY790012  AY817187
Chilodontidae
Chilodus punctatus AY787997 AY790056  AY817215
Prochilondotidae
Prochilodus nigricans AY788075 AY791437 AY790133  AY817278
Hemiodontidae
Hemiodus gracilis AY788027 AY791405 AY790086  AY817240
Parodontidae
Parodon sp AY788065 AY791427  AY790123  AY817269
Serrasalmidae
Colossoma macropomum AY788000 AY791386  AY790059 AY817218
Piaractus brachipomus AY788067 AY791429  AY790125  AY817271
Cynodontidae
Hydrolycus pectoralis AY788033 AY790091 AY817244
Characidae
Acestrorhynchus sp AY790014
Astyanacinus sp AY787969 AY791365 AY790028
Astyanax bimaculatus AY787955 AY790013  AY817180
Brycon hilarii AY787976 AY791370 AY790035 AY817198
Bryconops sp AY787985 AY791376  AY790044  AY817207
Bryconamericus diaphanus AY787984 AY791375 AY790043 AY817206
Chalceus erythrurus AY787990 AY791379  AY790049  AY817211
Chalceus macrolepidotus AY787999 AY791385 AY790058  AY817217
Cheirodon sp AY787995 AY791382 AY790054
Creagrutus sp AY788001 AY790055
Exodon paradoxus AY788013 AY791397 AY790072  AY817227
Hemibrycon beni AY788020 AY791402 AY790079  AY817234
Knodus sp AY788041 AY791414  AY90099 AY817249
Mimagoniates lateralis AY788051 AY791420 AY790109  AY817259
Prodontocharax sp AY788064 AY791426  AY790122
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Tabela 7. Continuacgéo...

Genes e coédigos de acesso

Familia/Espécie 16S CytB sia trop
Roeboides sp AY787994 AY791381  AY790053 AY817214
Salminus maxillosus AY788080 AY791438 AY790137  AY817282
Triportheus angulatus AY788082 AY790139  AY817283

Ctenolucidae
Ctenolucius hujeta AY787998 AY791384 AY790057 AY817216
Lebiasinidae
Nannostomus beckfordi AY788059 AY790117  AY817265
Crenuchidae
Characidium fasciatum AY787992 AY791380 AY790051 AY817213
Characidium vidali AY788003 AY791388 AY790062 AY817221
Melanocharacidium sp AY788083 AY791439 AY790140 AY817284
Erythrinidae
Hoplias sp AY788031 AY791409 AY790090 AY817242
Alestidae
Alestes baremoze AY787963 AY791360 AY790022  AY817185
Hydrocynus brevis AY788018 AY791400 AY790077
Ladligesia roloffi AY788046 AY791417  AY790104  AY817254
Micralestes acutidens AY788047 AY791418  AY790105
Hepsetidae
Hepsetus odoe AY788030 AY791408 AY790089  AY817241
Citharinidae
Citharinus citharus AY787989 AY791378  AY790048
Citharinus sp AY788037 AY791411  AY790095

Distichodontidae
Distichodus notospilus AY788010 AY791395  AY790069
Xenocharax spilurus AY788084 AY791440 AY790141
Ichthyborus sp AY788038 AY791412  AY790096
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4.1 Gene 16S rRNA

Foram obtidas seqiiéncias do gene mitocondrial 16S rRNA de 14
exemplares dos trés géneros da familia Gasteropelecidae e de 4 espécies de
outras familias de Characiformes; servindo assim, como grupo externo,
somando a essas amostras seqlienciadas foram adquiridas mais 41
sequéncias no GenBank. O tamanho das seqiiéncias do gene 16S rRNA
variou de 485 pares de bases (pb) em Thoracoharax (animal 11714) a 600 pb
em Melanocharacidium sp. (seqiiéncia AY788083), com um valor médio de
576 pb. Apdés o procedimento de alinhamento e correcao manual desse
alinhamento, obteve-se uma matriz com 640 caracteres dos quais 306 foram
conservados, 318 foram variaveis e 234 foram filogeneticamente
informativos para as analises de parcimoénia. A proporcao
transicao/transversao (Ti/Tv) observada foi de 1,4. A composicao média, em
porcentagem, de bases para este gene foi de 31,3% de adenina (A), 23,5% de
citosina (C), 22,6% de guanina (G) e 22,6% de timina (T). A distancia média
entre as sequiéncias foi de d = 0,124 £0,007, segundo o modelo da distancia p
(Nei e Kumar, 2000). Uma analise grafica foi realizada através da relacao
entre as transicoes (Ti) e transversoes (Tv) e a distédncia genética estimada
pelo modelo Tamura-Nei 93 que nao indica ha saturacao nestes nucleotideos

(Figura 12).
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Figura 12. Grafico mostrando a relacao entre a distancia genética, calculada

com o modelo de Tamura-Nei 93, e a freqliéncia de transicdes (losangulos) e

transversoes (quadrados) para o gene 16S rRNA.
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4.2 Gene citocromo b

Para o gene mitocondrial citocromo b foram obtidas sequiéncias de 14
exemplares dos trés géneros da familia em estudo, e, 5 sequiéncias de outras
familias de Characiformes e foram obtidas mais 35 seqliéncias do GenBank.
O tamanho médio das sequéncias do gene Cyt b foi de 994 pb, a menor
sequéncia foi de 876 pb em Bryconops sp. (sequiéncia AY791376) e varias
amostras obtiveram o tamanho maximo que foi de 1006 pb. As amostras que
tiveram esse tamanho foram as seguintes: Piaractus brachipomus
(AY788013), Exodon paradoxus (AY788080), Salminus brasiliensis
(AY787976), Ctenolucius hujeta (AY788031), Hoplias sp. (AY787989),
Citharinus citharus (AY787954), Anostomus anostomus (AY788000),
Bryconamericus diaphanus (AY787990), Roeboides sp. (AY787956)
Melanocharacidium sp. (AY788018), Hydrocynus brevis (AY788037),
Citharinus sp. (AY788084), e Xenocharax spilurus (AY791440). Apés o
procedimento de alinhamento manual, obteve-se uma matriz com 1006
caracteres dos quais 476 foram conservados, 531 foram variaveis e 480
foram filogeneticamente informativos para as analises de parciménia. A
proporcao transicao/transversao (Ti/Tv) observada foi de 0,6. A composicao
média, em porcentagem, de bases para este gene foi de 26,8% de adenina
(A), 28,9% de citosina (C), 14,3% de guanina (G) e 30,0% de timina (T). A
distancia média entre as sequéncias foi de d = 0,213 +0,006, segundo o
modelo da distancia p (Nei e Kumar, 2000). E finalmente realizou-se uma
analise grafica da relacao entre as transicoes (Ti) e transversoes (Tv) e a
distancia genética entre os nucleotideos, indicando que nao ha saturacao

nestes dados (Figura 13).
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Figura 13. Grafico mostrando o numero de substituicoes (transicoes e
transversoes) versus a distancia genética (modelo de Tamura-Nei 93).
Transicoes sao os losangulos, transversoes sao os quadrados, para o gene

mitocondrial citocromo b.
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4.3 Gene sia

Para o gene nuclear sia foram obtidas seqiliéncias de 8 exemplares
dos trés géneros da familia Gasteropelecidae, 3 de outras familias e 42
seqliéncias adicionais foram obtidas do GenBank. O tamanho das
sequéncias do gene sia variou de 365 pb em Astyanax bimaculatus
(sequiéncia AY787955) a 475 pb em varias espécies: Chilodus punctatus
(AY787997), Piaractus brachipomus (AY788067) Hydrolycus pectoralis
(AY788033), Chalceus macrolepidotus (AY787999), Exodon paradoxus
(AY788013), Brycon hilarii (AY787976) Characidium fasciatum (AY787992),
Hepsetus odoe (AY788030), Citharinus citharus (AY787989), Anostomus
anostomus (AY787954), Colossoma macropomum (AY788000), Chalceus
erythrurus (AY787990), Knodus sp. (AY788041) Mimagoniates lateralis
(AY788051), Roeboides sp. (AY787994), Cheirodon sp. (AY787995),
Creagrutus sp. (AY788001), Prodontocharax sp. (AY788064), Characidium
vidali (AY788003), Alestes baremoze (AY787963), Hydrocynus brevis
(AY788018) Distichodus notospilus (AY788010), Citharinus sp. (AY788037),
Bryconops sp. (13112), Gasteropelecus maculatus (19868), Gasteropelecus
maculatus (19869), Thoracocharax stellatus (11714), Thoracocharax stellatus
(11716), Thoracocharax stellatus (12769), Thoracocharax stellatus (22596)
Carnegiella strigata (19318), com um valor médio de 462 pb. Apds o
procedimento de alinhamento e correcao manual desse alinhamento, obteve-
se uma matriz com 584 caracteres dos quais 337 foram conservados, 138

foram variaveis e 109 foram filogeneticamente informativos para as analises
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de parciménia. A proporcao transicao/transversao (Ti/Tv) observada foi de
0,7. A composicao média, em porcentagem, de bases para este gene foi de
17,8% de adenina (A), 35,0% de citosina (C), 27,3% de guanina (G) e 19,9% de
timina (T). A distancia média entre as sequiéncias foi de d = 0,068 +0,007,
segundo o modelo da distancia p (Nei e Kumar, 2000). A analise grafica da
relacao entre as transicoes (Ti) e transversoes (Tv) e a distancia genética

indica auséncia saturacao nestes nucleotideos (Figura 14).
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Figura 14. Grafico mostrando a relacao entre a distancia genética, calculada
com o modelo de Tamura-Nei 93, e a freqliéncia de transicoes (losangulos) e

transversoes (quadrados) para o gene nuclear sia.
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4.4 Gene trop

Para o gene nuclear trop foram obtidas 5 seqiiéncias de dois géneros
da familia Gasteropelecidae: Carnegiella e Thoracachorax, 4 de outras
familias e 30 seqliéncias adicionais foram obtidas no GenBank. O tamanho
valor médio das seqiiéncias foi de 291 pb. Na amostra Hepsetus odoe
(sequiéncia AY788030) foi encontrada a menor seqiiéncia com 202 pb e em
Roeboides sp. (AY787994) foi a maior com 494 pb. A matriz de caracteres
formada apos o alinhamento manual foi de 538 caracteres dos quais 60
foram conservados, 448 foram variaveis e 193 foram considerados
filogeneticamente informativos para as analises de parciménia. A proporcao
transicao/transversao (Ti/Tv) observada foi de 0,8. A composicao média, em
porcentagem, de bases para este gene foi de 26,1% de adenina (A), 17,7% de
citosina (C), 32,7% de guanina (G) e 25,5% de timina (T). A distancia média
entre as seqiiéncias foi de d = 0,234 £0,013, segundo o modelo da distancia p
(Nei e Kumar, 2000). Os resultados das analises das transicoes e
transversoes contra a distancia genética (Figura 15) indicam uma auséncia

de saturacao de nucleotideos.
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Figura 15. Grafico do gene nuclear trop mostrando o numero de transicoes

(losangos) e transversoes (quadrados) em relacao a distancia genética

estimada pelo modelo de Tamura-Nei 93.
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4.5. Analise combinada dos genes 16S, citocromoB, sia e trop

Os dados de 64 sequéncias combinadas de Characiformes resultaram
numa matriz de 2469 pares de bases (pb), dos quais 857 foram conservados,
1604 foram variaveis, 575 foram unicos e 1013 foram filogeneticamente
informativos. A proporcao transicao/transversao (Ti/Tv) observada foi de 0,8.
A composicao em porcentagem de bases para as regioes sequenciadas foi a
seguinte: 26,1% de adenina (A), 25,4% de timina (T), 27,6%de citosina (C) e
20,0% de guanina (G). O tamanho médio das sequéncias foi de 1985 pb, a
menor seqliéncia foi observada 2429 em Astyanax bimaculatus (sequéncia
AY787955) contendo 1143 pb, e a maior seqliéncia foi em Roeboides sp.
(animal AY787994) com 2429 pb. A distancia média entre as seqliéncias foi
de d = 0,176 £0,004, segundo o modelo da distancia p (Nei e Kumar, 2000).
Os resultados das analises das transicoes e transversoes contra a distancia

genética (Figura 16) indicam uma auséncia de saturacao de nucleotideos.

Nas andlises de parcimobnia foram testadas a exclusao ou nao de
regioes de dificil alinhamento, foi testado se os gaps seriam melhores
tratados como uma quinta base ou como dados ausentes e testou-se ainda o
sistema de pesagem de transicoes e transversées de 1:1 e 1:2. A arvore
consenso melhor resolvida foi obtida tratando os caracteres como nao
ordenados, excluindo as regidoes de dificil alinhamento, tratando os gaps
como quinta base e considerando proporcao Ti/Tv de 1:1. Para esta arvore,

os resultados obtidos foram: comprimento da arvore = 7177 passos, indice
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de consisténcia (Cl) = 0,2476, indice de homoplasia (HI) = 0,7524 e indice de
retencao (RI) = 0,4941. Essa analise foi realizada em 1000 pseudoréplicas de
bootstrap gerando 4071 arvores. A arvore de consenso foi muito similar a
obtida nas analises probalibilisticas, assim aprenas os valores de bootstrap
estao apresentados na Figura 17. Para a analise de parciménia foi calculado
também o indice de decaimento de Bremer e os valores obtidos sao

mostrados na topologia final do presente estudo (Figura 17).

Em relacao as analises probabilisticas foi usado o método bayesiano
que resultou em uma filogenia consenso com boa parte dos néds

apresentando alta sustentacao, conforme apresentado na Figura 17.
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Figura 16. Grafico mostrando o numero de substituicoes (transicoes e
transversoes) versus a distancia genética, calculada pelo método de

Tamura-Nei 93 todas as seqiiéncias obtidas no presente trabalho.

55



100

100

ﬂc Thoracocharax stellatus Rio das Garcas (Barra do Garcas, MT)
y Thoracocharax stellatus Rio das Garcas (Barra do Gargas, MT)

L: Thoracocharax stellatus Rio Solimdes (Manaus, AM)
N Thoracocharax stellatus Rio Moa (Mancio Alves, AC)

Thoracocharax stellatus Rio Orinoco (Venezuela)
Thoracocharax stellatus Rio Orinoco (Venezuela)
Carnegiella strigata Aquarium

Carnegiella strigata Aquarium

Carnegiella strigata Rio Negro (Barcelos, AM)

Carnegiella strigata Rio Preto da Eva (Rio Preto da Eva, AM)
Carnegiella strigata Igarapé Preto (Cruzeiro do Sul, AC)
Carnegiella marthae Rio Negro (Barcelos, AM)
Gasteropelecus maculatus Rio Pirre (Panama)

Gasteropelecus maculatus Rio Iglesia (Panama)
Triportheus pantanensis
Triportheus orinocensis

Triportheus angulatus
%5 88 Astyanax bimaculatus
. Astyanacinus sp.

9.4 Exodon paradoxus
> 100 .
100 Cheirodon sp.
94 T: Prodontocharax sp.
3 9 - Bryconamericus dipahanus
o1 100 [~ N Creagrutus sp.
74 62 Knodus sp.
- - 80 . .
R _ Hemibrycon cf. beni
- { Mimagoniates lateralis
i Roeboides sp.
e Acestrorhynchus sp.
99 Bryconops sp.
11:;)‘_: Bryconops sp.
100 _95 Salminus brasiliensis
100 220 Salminus hilarii
7 100 Salminus maxillosus
- Brycon hilarii
s 1:90 Chalceus erythrurus
E Chalceus macrolepidotus
pos Ctenolucius hujeta
100 __66 Characidium fasciatum
63 0 Characidium vidali
54 1‘3 Melanocharacidium sp.
; Hepsetus odoe
p Hoplias sp.
: - Prochilodus nigricans
- N Chilodus punctatus
. i 00 Parodon sp.
- R 100 Piaractus brachipomus
- _E Colossoma macropomum
- i po Hemiodus gracilis
58 R 85 Leporinus sp.
- - I'r: Anostomus anostomus
* l———— Nannostomus beckfordi
e Hydrolycus pectoralis
81 _100 Micralestes acutidens
100 _rg_: Ladigesia roloffi
%3 i Alestes baremoze
! e Hydrocynus brevis
100 _99 Distichodus notospilus
93 Ichthyborus sp.

Xenacharax spilurus

100

100 Citharinus sp.

. 1 . o ﬂm arinus ci PR ~ . .
Figura 17. Arvore consenso obtida na analise bayesiana. Na anfise e fAB4%i utilizada a proporgao Ti/Tv 1:1 e
considerando os gaps como dados perdidos (HI = 0.7524 Cl = 0.2476 Rl = 0.4941). Os dois primeiros
ndmeros acima dos ramos sdo os valores de bootstrap da analise bayesiana e de MP, respectivamente, com
base em 1000 réplicas. Os numeros abaixo dos ramos representam o indice de decaimento de Bremer .
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4.6 Gene citocromo oxidase |

Foram obtidas seqliéncias parciais do gene mitocondrial citocromo
oxidase | de 17 exemplares dos trés géneros da familia Gasteropelecidae, e,
de 4 espécies de outros grupos de Characiformes. O tamanho das
sequéncias variou de 531 pb em Thoracoharax stellatus (animal 12769) a 654
pb em varias espécies. Carnegiella strigata (animais 17027, 17030, 23602 e
22802); Carnegiella marthae (animal 23601); Thoracocharax stellatus (animal
22801); Gasteropelecus maculatus (animal 19869); Gasteropelecus sternicla
(animais 22803 e 22974); Salminus brasiliensis (animal 9025); Triportheus
orinocensis (animal 15580) e finalmente Triportheus pantanensis (animal
3501), com um valor médio de 630 pb. Apés o procedimento de alinhamento
e correcao manual desse alinhamento, obteve-se uma matriz com 654
caracteres dos quais 412 foram conservados, 242 foram variaveis e 228
foram filogeneticamente informativos para as analises de parciménia. A
proporcao transicao/transversao (Ti/Tv) observada foi de 1,3. A composicao
média, em porcentagem, de bases para este gene foi de 25,0% de adenina
(A), 25,1% de citosina (C), 18,0% de guanina (G) e 31,8% de timina (T). A
distancia média entre as sequéncias foi de d = 0,165 +0,010, segundo o
modelo da distancia p (Nei e Kumar, 2000). Uma analise grafica da relacao
entre as transicoes (Ti) e transversoes (Tv) e a distancia genética indica que

nao ha saturacao nestes nucleotideos (Figura 18).

Considerando que o alinhamento do gene citocromo oxidase | foi
direto, nao houve necessidade de colocacao de gaps no alinhamento final.
Assim testou-se apenas o sistema de pesagem de transicoes e transversoes

de 1:1 e 1:2. A arvore consenso melhor resolvida foi obtida considerando
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proporcao Ti/Tv de 1:1. Para esta arvore, os resultados obtidos foram:
comprimento da arvore = 674, indice de consisténcia (Cl) = 0.5297, indice de
homoplasia (HI) = 0.4703 e indice de retencao (RI) = 0.7490. A arvore de
consenso foi muito similar a obtida nas analises probalibilisticas, assim
aprenas os valores de bootstrap estao apresentados na Figura 19. Para a
analise de parciménia foi calculado também o indice de decaimento de
Bremer e os valores obtidos sao mostrados na topologia final do presente

estudo (Figura 19).

Em relacao as analises probabilisticas foi usado o método bayesiano
que resultou em uma filogenia consenso com a grande maioria dos noés

apresentando alta sustentacao, conforme apresentado na Figura 19.
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Figura 18. Grafico do gene citocromo oxidase | mostrando o numero de
transicoes e transversoes em relacao a distancia genética estimada pelo

modelo de Tamura-Nei 93.
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Figura 19. Arvore consenso obtida na andlise bayesiana. Na analise de MP foi
utilizada a proporcao Ti/Tv 1:1 (Cl = 0,5297, HI = 0,4703 e Rl = 0,7490). Os dois
primeiros numeros acima dos ramos sdo os valores de bootstrap da analise
bayesiana e de MP, respectivamente, com base em 1000 réplicas. Os nameros

abaixo dos ramos representam o indice de decaimento de Bremer
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5. DISCUSSAO

As analises utilizando dois genes mitocondriais (16S rRNA e citocromo b) e
dois genes nucleares (trop e sia), pelos métodos bayseniano e MP, resultaram em
topologias similares, com altos valores de suporte (bootstrap) para a maioria dos
ndés menos internos, como mostra a Figura 17. Para os ndés mais internos o
suporte foi muito baixo ou nulo, com excecdo da separacdo das familias
Citharinidae e Distichodontidae das demais familias de Characiformes, que foi
fortemente sustentada, com ja observado por Calcagnoto et al., (2005). Nesse
estudo foi dado énfase aos resultados das andlises bayesianas dos dados
considerando-se principalmente os achados de Simmons e Miya (2004) que
demonstram que esse tipo de analise, apesar de ser menos conservativo, € mais
resolutivo na identificacao de relacdes antigas entre taxons.

Considerando que o interesse imediado nesse trabalho é discutir as
relacdes dentro da familia Gasteropelecidae e dessa familia com os demais
Characiformes a presente discussao esta focada apenas nesses dois topicos. Os
demais ramos das filogenias obtidas foram extensivamente discutidos por
Calcagnoto et al., (2005), basicamente sob a mesma base de dados. Todos os
dados obtidos nesse estudo corroboraram a hipétese de que a familia
Gasteropelecidae € monofilética, como tem sido aceito por todos os autores.

As andlises dos gasteropelecides mostraram que a familia é composta por
dois grupos de espécies. O primeiro grupo é formado apenas por Gasteropelecus.
O segundo grupo é formado por Thoracachorax e Carnegiella. Nesse sentido

esses resultados nao corroboram a hipétese de Weitzman (1960) que sugeria que
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0 género Thoracocharax representava uma linhagem independente dentro do
grupo (nomeada como Thoracocharacini) e que Gasteropelecus e Carnegiella
representavam grupos irmao pertencentes a uma segunda linhagem (tribo
Gasteropelecini).

De acordo com Weitzman (1954), o género Gasteropelecus seria o mais
primitivo dentre os gasteropelecines e a espécie G. maculatus seria a mais
préxima do género Carnegiella. Dentro de Carnegiella, C. marthae e C. schereri
seriam as duas espécies mais primitivas e representariam o grupo-irmao de C.
strigata e C. vesca que formariam o grupo mais derivado, dentro desse género.
Em estudos posteriores, a espécie C. vesca foi considerada sindnimo de C.
strigata por Weitzman e Palmer (1996). Weitzman e Weitzman (1982)
consideraram a espécie Carnegiella myersi a mais primitiva dentro da familia.

Ainda segundo Weitzman (1954) o género Thoracocharax apresentaria uma
linhagem intermediaria entre a mais primitiva (Gasteropelecus) e a mais derivada
(Carnegiella). Contudo, os resultados obtidos pelos dados moleculares
contradizem com os morfolégicos. Uma vez que, Thoracocharax apareceu como
grupo irmao de Carnegiella e Gasteropelecus apareceu como grupo irmao do taxa
anteriormente descrito.

Em todas as andlises de MP e ML conduzidas no presente estudo, as
amostras de C. strigata de varias localidades formaram um dnico grupo
monofilético reforcando a hipétese de que C. vesca (como havia sido identificada
inicialmente uma das amostras do presente estudo proveniente de Cruzeiro do
Sul, Acre) é sinbnimo de C. strigata (Weitzman e Palmer, 1996). Essas amostras

apareceram também sempre como grupo-irmao da espécie C. marthae.
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Weitzman e Weitzman (1982) fizeram um estudo filogenético das quatro
espécies do género Carnegiella: C. myersi, C. strigata, C. schereri e C. marthae.
Dentre todas as espécies, a C. myersi foi considerada a espécie mais primitiva -
embora apresentando uma série de autopomorfias, por exemplo, o niumero raios
da nadadeira peitoral (3 raios), enquanto nas outras espécies é encontrado
apenas 1 raio, a presencga de uma pigmentacdo mais escura da regiao dorsal para
a base da nadadeira peitoral.

Ainda segundo Weitzman e Weitzman (1982), C. marthae seria a espécie
mais derivada, apresentando algumas autopomorfias tais como: o nimero de raios
da nadadeira anal, variando entre 19 e 21 raios, dentre todas as espécies, C.
marthae é que apresenta o corpo mais pigmentado, entre outras caracteristicas.
Ainda de acordo com Weitzman e Weitzman (1982), C. strigata seria a “segunda
espécie mais primitiva” devido as suas caracteristicas morfoldgicas. Estes
resultados ndo puderam ser checados no presente estudo pois s6 foram obtidas
amostras de C. strigata e C. marthae.

Os resultados obtidos apenas para o gene Citocromo Oxidase | também
confirmam a monofilia de Gasteropelecidae, como pode ser observado na Figura
19. Confirmaram também que os géneros Carnegiella e Thoracocharax estao mais
relacionados entre si e 0 género Gasteropelecus é o grupo irmao dos outros
géneros. Esses resultados também corroboram a hip6tese de Weitzman (1954).
Por outro lado, o género Gasteropelecus apareceu como nao monofilético.
Considerando que estdo sendo discutidas as relacdes obtidas apenas para um
gene mitocondrial, outros dados terdo que ser obtidos para se confirmar ou néo o

polifiletismo desse género. Além disso, Gasteropelecus sternicla apareceu como a
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mais basal de toda a familia, contradizendo a hipétese de Weitzman (1954) que
afirmava que G. maculatus seria a mais basal.

No presente estudo, o género Triportheus apareceu, em todas as analises,
como grupo-irmao de Gasteropelecidae.

O género Triportheus pertence ao grupo de géneros considerados Incertae
sedis dentro da familia Characidae (Reis et al. 2003) é composto por 16 espécies
encontradas nas principais drenagens da América do Sul. A Ultima revisdo do
género foi feita por Malabarba (2004) que descreveu mais trés espécies. Nesse
trabalho ndo houve uma intencdo para tentar posicionar esse género ou discutir
suas relagdes internas.

Weitzman (1954) comparou a entdo subfamilia Gasteropelecinae com
Brycon, Astyanax, Bryconamericus e Triportheus e sugeriu, com base em
caracteristicas osteoldégicas, uma possivel relacdo dos gasteropelecines com o
género Triporheus. Entre essas caracteristicas estariam o formato do osso
coracbide. Porém o coracbéide de Triportheus nao € fusionado como em
gasteropelecines. A cintura peitoral de Triportheus ndo € tao especializada quanto
de gasteropelecidade, mas é bem parecida. Segundo Weitzman (1954)
Triportheus e a entdo subfamilia Gasteropelecinae poderiam ter tido um ancestral
comum. Os resultados dos dados moleculares do presente trabalho, corroboram
essa hipotese.

Neste estudo, os exemplares analisados da familia Characidae formaram
trés clados principais. O primeiro clado foi formado pelos géneros Chalceus,
Brycon e Salminus. O segundo clado foi formado por varios géneros: Bryconops,

Acestrorhynchus, Roeboides, Mimagoniates, Hemibrycon, Knodus, Creagrutus,
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Bryconamericus, Prodontocharax, Cheirodon, Exodon, Astyanacinus e Astyanax.
E o terceiro clado formado pelo género Triportheus e os Gasteropelecidae.

De acordo com Lucena (1993) o clado formado pelos géneros Brycon e
Triportheus (por apresentarem as seguintes caracteristicas: a area do osso frontal,
esta localizada lateralmente ao canal supra-orbital, auséncia de uma fossa no
occipital, o supra-orbital esta ausente e finalmente, o canal sensorial pré-opercular
ultrapassa a borda antero-dorsal do opérculo) é considerado grupo-irmao do clado
formado por representantes da maioria das subfamilias dos caracideos,
especialmente Aphyocharacinae, Cheirodontinae, Glandulocaudine,
Iguanodectinae, Stethaprioninae e Tetragonopterinae.

Calcagnotto et al., (2005) relacionaram Acestrorhynchus
(Acestrorhynchinae) com Brycon, Salminus e Triportheus. Essa hip6tese havia
sido postulada por Weitzman e Malabarba (1998), devido a presenca de um 0SS0
supra-orbital. Hubert et al. (2005) também corroboram essa hipdtese de
relacionamento entre Acestrorhynchus e Triportheus. Considerando que no
trabalho de Calcagnoto et al. (2005) somente uma espécie de Triportheus e uma
espécie de Salminus haviam sido analisadas, nesse estudo foram sequenciadas
mais duas espécies de cada género com o intuito de checar se as relagdes seriam
confirmadas e esses grupos apareceriam como unidades monofiléticas. Como
mostrado na Figura 17 isso realmente se confirmou.

Weitzman (1962) estudou com profundidade o esqueleto de varios
caracideos (Glandulocaudinae, Rhoadsiinae, Chalcininae, Triportheinae,
Bryconinae, Iguanodectinae, Acestrorhynchidae, Characinae, Stethaprioninae,

Stichonodontidae, Agoniatinae, Stevardiinae, Diapominae, Tetragonopterinae e
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Gymnocharacinae). Dentre todos os caracideos estudados, alguns que
apresentavam uma morfologia bastante diferenciada como: Erythrininae,
Lebiasininae, Hemiodontinae, Citharininae, Anostominae, Serrasalminae e
Gasteropelecinae, foram posteriormente classificados como subfamilias e sé
foram apresentados como familia alguns anos depois por Greewood et al., (1966)
devido justamente a essas diferencas morfoldgicas verificadas por Weitzman
(1962).

Buckup (1998) sugeriu posicionar Gasteropelecidae dentro da superfamilia
Characoidea (Gasteropelecidae e Characidae) e classificou essa familia como
Incertae sedis, devido as suas caracteristicas morfolégicas peculiares. Malabarba
e Weitzman (2003) tentaram posicionar filogeneticamente seu novo género de
Characidae: Cyanocharax. Como resultado, foi observado a formagédo de grandes
politomias envolvendo os taxons estudados e entre elas uma que agrupava
Gasteropelecidae, Triportheus, Brycon, Salminus, Serrasalminae, Bryconops,
Lignobrycon e Roestinae.

Em uma andlise da morfologia externa de Triportheus pantanensis,
Triportheus orinocensis e Gasteropelecus maculatus. Observa-se que as
caracteristicas que aproximam os Triportheus dos gasteropelecides seriam as
seguintes: posicdo superior da boca, coracéide desenvolvido, assim como, as
nadadeiras peitorais, a nadadeira anal € alongada e a dorsal esta localizada na
regido posterior da metade do corpo. Uma caracteristica interessante encontrada
foi o padrao de coloracdo, tanto Triportheus quanto Gasteropelecus apresentam
um padrao de pigmentacao bem parecido ao longo do corpo dessas desses dois

géneros (nossos dados nao publicados).
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O primeiro estudo filogenético contendo amostras de Gasteropelecidade e
usando sequiéncias de nucleotideos foi feito por Orti e Meyer (1997), resultando
numa hipétese de relacdo com a familia Anostomidae. Hubert et al. (2005)
estudaram as relacoes filogenéticas entre 57 Characiformes, inclusive a familia
Gasteropelecidae. Desse estudo, resultou uma topologia ndo muito robusta.
Gasteropelecidae (representada pelos géneros Carnegiella e Gasteropelecus)
ficou agrupada com a familia Ctenolucidae e esse clado foi o mais basal entre
todos os caraciformes neotropicais, ficando proximo as familias africanas
Citharinidae e Distichodontidae. Esse resultado nao foi corroborado no presente
estudo pois Gasteropelecidae aparece relacionada como Triportheus e
Ctenoluciidae (representada por Ctenolucius) aparece como grupo irmao de varios
taxons de Characidae, porém sem suporte estatistico (Figura 17).

Para tentar resolver a questdao taxonémica levantada no presente estudo,
considerando a possivel relacao entre Triportheus e Gasteropelecidae, haveria
duas possibilidades: a familia Gasteropelecidae seria rebaixada a subfamilia de
Characidae [como proposto inicialmente por Weitzman (1960)] e uma nova
subfamilia seria criada para o género Triporheus, uma vez que esse género esta
incluido no grupo dos Incertae sedis de Characidae. Uma outra possibilidade seria
manter a familia Gasteropelecidae e elevar o nivel taxonédmico de Triportheus, de
Incertae sedis para familia. Novos dados serdo extremamente Uteis para
resolucado desse problema e também para um melhor entendimento das relacées
entre os Characiformes.

Em termos gerais os resultados desse estudo também corroboram a

hipdtese de que Characidae ndo € monofilético, como sugerido em Varios
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trabalhos que estudaram esse problema (Lucena e Menezes, 1998; Weitzman e

Malabarba, 1998; Zanata, 2000).

67



6. CONCLUSOES

1- Os resultados moleculares, baseado em genes mitocondriais e
nucleares foram capazes de confirmar o monofiletismo da familia
Gasteropelecidae.

2- O género Gasteropelecus € grupo irmao do clado formado por
Carnegiella e Thoracocharax.

3- Em relacdo aos outros Characiformes, a familia Gasteropelecidae
representou o grupo-irmao do género Triportheus. Assim a familia
Characidae nao teve seu monofiletismo corroborado.

4- A analise do gene citocromo oxidade | apontou para um possivel

polifiletismo do género Gasteropelecus.
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APENDICE |

Alinhamento final utilizado nas andlises filogenéticas. O simbolo “?” indica bases
nao lidas e o simbolo “-” indica os “gaps” adicionados para possibilitar o correto
alinhamento das sequéncias. As regides assinaladas em cinza foram retiradas das

analises por ndo permitir um direto alinhamento.

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp

AY787984_Bryconamericus_diaphanus

AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastriglés
23601Carnegiellamart16S
23602Carnegiellastrigl6s
17027Carnegiellastrigl6s
17030Carnegiellastrigl6s
22802Carnegiellavesca

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp

AY787984_Bryconamericus_diaphanus

AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus

1
CAATGTATAGAAGGTCCTACCTGCCCAGTG.
CGAAGTATAGGAGGTCCTGCCTGCCCAGTG.
CAATGTATAAGAGGTCCTGCCTGCCCAGTG!
CAATGTATAGGAGGTCCTGCCTGCCCAGTG.
CAATGTATAGGAGGTCCTGCCTGCCCAGTG!
CAACGTATAGGAGGTCCTGCCTGCCCAGTG.
CAATATATGGGAGGTCTTACCTGCCCAGTG!
CAAAGTATAAGAGGTCCTACCTGCCCAGTG.
CGAAGTATAGGAGGTCCTACCTGCCCAGTG!

CGAAGTATAGGAGGTCCTACCTGCCCAGTG!

TGATGTATAGGAGGTCTTGCCTGCCCAGTGHL

CAACATATAGGAGGTCCTGCCTGCCCAATG!
CAATGTATAAGAGGTCCTACCTGCCCGGTG.

CAATGTATAGGAGGTCCTGCCTGCCCAGTGHK

CAATGTATAGAAGGTCCTGCCTGCCCAGTG!
CAACGTATAGGAGGTCCTGCCTGCCCAGTG.
CAAAGTATAGGAGGTCCCACCTGCCCAATG!

CAACGTATAGGAGGTCCTGCCTGCCCAGTGH

CAATGTATAAGAGGTCCTGCCTGCCCAGTG.

CAATGTATAAGAGGTCCTACCTGCCCAGTGAL,

CCAAGTATGGGAGGTCTTACCTGCCCAGTG.
CAATATATGGGAGGTCTTACCTGCCCAGTG!
CAAAGTATAAGAGGTCCTACCTGCCCAGTG.
CAATGTATAAGAGGTCCTACCTGCCCAGTG.
CAAAGTATAAGAGGTCCTACCTGCCCAGTG!
CAACATATAAGAGGTC-TACCTGCCCAGTG.
CAAAATATGGGAGGTCTTACCTGCCCAGTG!
CAATGTATAAGAGGTCCTACCTGCCCAGTG.
CAAAGTATATGAGGTCCTACCTGCCCAGTG.
CAATGTATAAGAGGTCCTACCTGCCCAGTG!
CAAAGTATAAGAGGTCCTGCCTGCCCAGTG.
TAATGTATAAGAGGTCCTACCTGCCCAGTG!
CAATGTATAAGAGGTCCTGCCTGCCCGGTG:
CAATGTATAGGAGGTCTTACCTGCCCAGTG:

CAACGTATAGGAGGTCTTACCTGCCCAGTGAC
CAACGTATAGGAGGTCTTACCTGCCCAGTGH

CAATGTATAGGAGGTCTTACCTGCCCAGTG!
CAATGTATAGGAGGTCCTGCCTGCCCAGTG.
CAATGTATAGGAGGTCCTGCCTGCCCAGTG.

TAACGTATGGGAGGTCTTGCCTGCCCAGTG.
222220222072222222222202722027227
?AATGTATAGGAGGTCCTACCTGCCCAGTG!
CAAAGTATAAGAGGTCCTACCTGCCCAGTG!

???AATATGGGAGGTCCTACCTGCCCAGTGAL

27222222 TGGGAGGTCCTACCTGCCCAGTG:

CGAAGTATGAGAGGTCCTACCTGCCCGGTG
CGAAGTATGAGAGGTCCTACCTGCCCGGTG!
CAAAGTATGAGAGGTCCTACCTGCCCAGTG.
??TATAGGAGGTC-TACCTGCCCAGTG:

CAATGTATGGGAGGTC-TACCTGCCCAGTG.

CAATGTATGGGAGGTC-TACCTGCCCAGTGH

CAATGTATGGGAGGTC-TACCTGCCCAGTG.

101

??TATGGGAGGTC-TACCTGCCCAGTGA«

100
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FTGTTAAATGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTTCTTTAAATGAG
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGTAATCACTTGTCTTTTAAATGGA

“FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
CRCGTTTAACGGCCGCGGTATTCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGGA

FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RTATTCAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGAAATCACTTGTCTTTTAAATGAA
TATTTAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGAAATCACTTGTCTTTTAAATGAA
TATTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGAAATCACTTGTCTTTTAAATGAA

~FTGTTCAACGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGAAATCACTTGTCTTTTAAATGAG

GGTTAAATGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FAATTAAATGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCCTTTAAATRAG
FAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
FAGTTAAACGGCCGCGGTATCTTGACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

TGTTAAATGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

CFAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

RAGTTAAACGGCCGCGGTATTTTGACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
PAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
PAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

"BAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

RAATTAAACGGCCGCGGTATTTTGACCGTGCAAAGGTAGCGCAATCACTTGTTTTTTAAATAAA

TGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
PAATTAAATGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RGGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
RAGTTAAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

TGTTAAACGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGCAATCACTTGTTTTTTAAATGAA
RTGTTTAACGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGCAATCACTTGTTTTTTAAATGAA
RAGTTTAACGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGCAATCACTTGTTTTTTAAATGAA
PAGTTTAACGGCCGCGGTATCTTGACCGTGCTAAGGTAGCGCAATCACTTGTTTTTTAAATGAA

GTTTAAACGGCCGCGGTATCTTGACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

“RPAGTTAAACGGCCGCGGTATCTTGACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAA

RGTTTAAACGGCCGCGGTATCTTAACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
GTTTAAACGGCCGCGGTATCTTGACCGTGCAAAGGTAGCGCAATCACTTGTCTTTTAAATGAA
PRRRR2R222202022222222202220222022202220222222222022202220727

FAGTTTAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGTAATCACTTGTCTTTTAAATGAA
AGTTTAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGTAATCACTTGTCTTTTAAATGAA

RPAGTTTAACGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGTAATCACTTGTCTTTTAAATGAA

RAGTTTAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

RAGTTTAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

PATTTTATCGGCCGCGGTATTTTGACCGTGCTAAGGTAGCACAATCACTTGTCTTTTAAATGAG

?RATTTTATCGGCCGCGGTATTTTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

PATTTTAACGGCCGCGGTATTCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

GTTTTAACGGCCGCGGTATTCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RGTTTTAACGGCCGCGGTATTCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RAGTTTAACGGCCGCGGTATTCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RPAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
RAGTTAAACGGCCGCGGTATCCTGACCGTGCTAAGGTAGCGCAATCACTTGTCTTTTAAATGAG
PAGTTAAACGGCCGCGGTATCCTGACCGTGATAAGGTAGCGCAATCACTTGTCTTTTAAATGAG

200

GACCTGTATGAATGGTGTGACGAGGGCTTATCTGTCTCCCTTCTCTGGTCAATGAAATTGATCTACCCGTGCAGAAGCGGGTATGCAAATACAAGACGAG
GACCCGTATGAATGGTAAAACGAGGGCTTAACTGTCTCCCTTCTTTGGTCAATGARATTGATCTGCCCGTGCAGAAGCGGACATATTAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCCAGTCAATGARATTGATCTGCCCGTGCAGAAGCGGGCATATATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTATCCAGTCAATGAAATTGATCTGCCCGTGCAGAAGCGGGCATAAATATACAAGACGAG
GACCTGTATGAATGGCGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGTCAATGARATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCTGTATGAATGGCGGAACGAGGGCTTAACTGTCTCCTTTTCCTAGTCAATGAAATTGATCTACCCGTGCAGAAGCGGGTATACTAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTCCCCCAGTCAATGARATTGATCTACCCGTGCAGAAGCGGGTATTTACCTATAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTTAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGGCATAAACATACAAGACGAG
GACCCGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCTTTTTCAAGTCAGTGAAATTGATCTGTCCGTGCAGAAGCGGATATGATTATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCTTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATATACATGCAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCTTTTTCAGGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATATACATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCTTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATACACATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCTTTTTTAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCTGTATGAATGGCGAAACGAGGGCTTAACTGTCTCCTTTTTCAGGTCAGTGAAATTGATCTACCCGTGCAGAAGCGGGTATATAAATACAAGACGAG
GACCTGTATGAATGGCAAGACGAGGGCTTAACTGTCTCCTTTTTCCCGTCAATGARATTAATCTACCCGTGCAGAAGCGGGTGTGCCCTTACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCCCTCCAGTCAATGAAATTGATCTACCCGTGCAGAAGCGGGTATACTAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCCTCCCAATCAATGARATTGATCTGCCCGTGCAGAAGCGGRCATAAACATACAAGACGAG
GACCTGTATGAATGGCGGAACGAGGGCTTAACTGTCTCCCCTTTTCAGTCAATGARATTGATCTATCCGTGCAGAAGCGGATATAAGAATACAAGACGAG
GACCTGTATGAATGGCAAGACGAGGGCTTAACTGTCTCCCCCTTCTAGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAACATACAAGACGAG
GACCTGTATGAAAGGTATAACGAGGGCTTAACTGTCTCCCTTCTCCAGTCAATGARATTGATCTGCCCGTGCAGAAGCGGACATGCATATACAAGACGAG
GACCTGTATGAATGGCGGAACGAGGGCTTAACTGTCTCCTTTTTCTAGTCAATGAAATTGATCTACCCGTGCAGAAGCGGGTATACTAATACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCTTTTTTGATCAGTGARATTGATCTACCCGTGCAGAAGCGGGTATAAATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATACAACTACAAGACGAG
GACCCGTATGAATGGTGGAACGAGGACTTAACTGTCTCACTTTTCAAGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGGGCATAAATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCAGGTCAGTGARATTGATCTGTCCGTGCAGAAGCGGACATAAGCATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCAGGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAGTAGTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCTGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCCGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTTAGGTCAATGAAATTGATCTGTCCGTGCAGAAGCGGACATAAACATACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCTTTCAGGTCAATGARATTGATCTGCCCGTGCAGAAGCGGGCATAATTATACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCTTTTCTGATCAGTGAAATTGATCTACCCGTGCAGAAGCGGGTATAAAAATACAAGACGAG
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GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATTATTATACAAGACGAG
GACCCGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCTTTCAGGTCAATGAAATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTTTCAGGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAATTATACAAGACGAG
GACCTGTATGAATGGTGAAACGAAGGCTTAACTGTCTCCCTCTTTCGGTCAATGAAATTGATCTACCCGTGCAGAAGCGGGTATATAAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAAGGCTTAACTGTCTCCCTCTTCCTGTCAGTGAAATTGATCTACCCGTGCAGAAGCGGGTATACACATACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCTTTTTAGTCAATGAARACTGATCTGCCCGTGCAGAAGCGGGCATAAATCTACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCTTTCTAGTCAATGAAACTGATCTGCTCGTGCAGAAGCGAGCATACGCCTACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCTCTCTAGTCAATGARACTGACCTGCTCGTGCAGAGGCGAGCATAAAACTACAAGACGAG
GACCTGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCCTCTCTAGTCAATGAAACTGACCTGCTCGTGCAGAGGCGAGCATAAATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCCCTTAGGTCAGTGAARATTGATCTACCCGTGCAGAAGCGGGTATAAAAATACAAGACGAG
GACCTGTATGAATGGCAAGACGAGGGCTTAACTGTCTCCCCCTTCTAGTCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAAATATACAAGACGAG
GACCCGTATGAATGGTAAAACGAGGGCTTAACTGTCTCCCCCCTCAAGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAAAATACAAGACGAG
GACCTGTATGAATGGCGGAACGAGGGCTTAACTGTCTCCCCCCTCAGGTCAGTGARATTGATCTGTCCGTGCAGAAGCGGACATACACATACAAGACGAG
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GACCCGTATGAATGGTAAAACGAGGGCTTAACTGTCTCCCTTCTCAGGTCAGTGAAATTGATCTGCTCGTGCAGAAGCGAGCATAACGATACAAGACGAG
GACCCGTATGAATGGTAAAACGAGGGCTTAACTGTCTCCCTTCTCAGGTCAGTGARATTGATCTGCTCGTGCAGAAGCGAGCATAACCATACAAGACGAG
GACCCGTATGAATGGTGAAACGAGGGCTTAACTGTCTCCCTTCTCAAGTCAGTGAAATTGATCTGCCCGTGCAGAAGCGAGCATAAACATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCCTTCTAGCCAGTGARATTGATCTACCCGTGCAGAAGCGGGTATAATACTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCCTTCTAGCCAGTGAAATTGATCTACCCGTGCAGAAGCGGGTATAATACTACAAGACGAG
GACCTGTGTGAATGGTGAAACGAGGGCTTAACTGTCTCCCCCACCCAGCCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCCACCCAGCCAGTGARATTGATCTGCCCGTGCAGAAGCGGACATAAATATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCTACCCAGCCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAACCTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCTACCCAGCCAGTGARATTGATCTACCCGTGCAGAAGCGGGCATAAACCTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCTACCCAGCCAGTGAAATTGATCTACCCGTGCAGAAGCGGGCATAAACCTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCCTACCCAGCCAGTGAAATTGATCTGCCCGTGCAGAAGCGGACATAAACCTACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGARATTGATTTACCCGTGCAGAAGCGGGTATTTARATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGAAATTGATCTACCCGTGCAGAAGCGGGTATTTTAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGARATTGATTTACCCGTGCAGAAGCGGGTATTTARATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGAARATTGATTTACCCGTGCAGAAGCGGGTATTTAAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGAAATTGATTTACCCGTGCAGAAGCGGGTATTTAAATACAAGACGAG
GACCTGTATGAATGGTGGAACGAGGGCTTAACTGTCTCCCTTCTCTAGCCAGTGARATTGATTTACCCGTGCAGAAGCGGGTATTTARATACAAGACGAG
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CTTCGGTTGGGGCGACCGCGGGGGAAAACTAAGCCCCCACGTGGATTGGGAS "MTTCCTAAAACC, CCTCTAAGTCACAGAACATCTGA
CTTCGGTTGGGGCGACCACGGAGTAAAACAAAACCTCCATACAGAATGGGA] JCCTCTCAAACCAAGAGATACATCTCTAAGTCGCAGAACATCTGA
CTTCGGTTGGGGCGACCACGGGGGAAAATAAAGCCCCCATGTGGAACGGGGY. [CCCCTAAAACT. TCTCTAAGCCACAGAATATCTGA
CTTCGGTTGGGGCGACCGCGGGGGAAAATAAAGCCCCCATGTGGAATGGGA ITTCCTAGAACT. TCTCTAAGTCACAGAACATCTGA
CTTCGGTTGGGGCGACCGCGGGGGATAA-AAAGCCCCCATGTGGAATGGGCHA JACCCTAAAACC, TCTCTAAGGCACAG. TCTGA
CTTCGGTTGGGGCGACCGCGGGGGAAAACAAAGCCCCCACGTGGAACGGGG CCCTAAAACC. TCTCTAAGTCACAGAACATCTGA
CTTCGGTTGGGGCGACCGTGGGGCACAACAAAACCCCCATGCGGAATGGGARA-—ACTCCTAAAACC, TCTCTAAGCCACAG. TCTGA
CTTCGGTTGGGGCGACCGCGGGGTAAAACAAAACCCCCACGTGGAATGGGA] ACTCCTAATACC, TCTCTAAGTCACAG. TCTGA
CTTCGGTTGGGGCGACCGCGGGGAAAAACAAAACCCCCACGTGGATGGGTT IAACCTAAAACCTCH TCTCTAAGTCACAGAACTTCTGA
CTTCGGTTGGGGCGACCGCGGGGGA-AAC. GCCCCCACG TGGGA| JACCCTTAAACT. TCTCTAAGTCACAG. CTCTGA
CTTCGGTTGGGGCGAACGCGGGGGA-. AACAAAGCCCCCACGCAGAATGGGA . JACCCTTAAACT. TCTCTAAGTCACAGAACCTCTGA
CTTCGGTTGGGGCGACCGCGGGGGA-AAC. GCCCCCACG TGG! . CCCTTAAACT. TCTCTAATTCACAG. CTCTGA
CTTCGGTTGGGGCGACCATGGGGGAAAACAAAGCCCCCACGTAGAATGGGA TLCCCTAAAACT. TCTCTAAGTCACAG. CTCTGA
CTTCGGTTGGGGCGACCACGGGGGAAAACAAAGCCCCCATGCGGAATGGGG] JACCCTAGACCTAC TCTCTAAGCCACAGAATATCTGA
CTTCGGTTGGGGCGACCGC! CCCCATGGG T. MATCTTTTAACCAAGAAAGACATTTCTAAGTCTCAGTACATCTGA
CTTCGGTTGGGGCGACCGCGGGGGAAAATTAAGCCCCCATGTGGAATGGGALC CCCTTAAACC. TCTCTAAGTCACAGAACATCTGA
CTTCGGTTGGGGCGACCGCGGGGGAAAACAAAGCCCCCATGTGGAATGGGARA TCCTACAACCT. TTTCTAAGTCACAG. TTCTGA
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CTTCGGTTGGGGCGACCGCGGGGGAAAACAAAGCCCCCATGTGGAATAGGARA--C

CTTCGGTTGGGGCGACCGCGGGGGAAAATAAAGCCCCCACGTGGAATGGGA

CTTCGGTTGGGGCGACCACGGGGGAAAGAAAAGCCCCCATGTGGATTGGGA]
CTTCGGTTGGGGCGACCGCGGGGGAAAACAAAGCCCCCACGTGGAATGGGE]
CTTCGGTTGGGGCGACCACGGGGGATAAATTATCCCCCATGTGAAGTGGGG]
CTTCGGTTGGGGCGACCGCGGGGGAAAATGAAGCCCCCATGTGGAATGGGS]
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CTTCGGTTGGGGCGACCGCGGGGAAAAACAAAACCCCCACGTGGACTGGGARTT —

CTTCGGTTGGGGCGACCGCGGGGGAAAACAAAGCCCCCACGTGGAGTGGGA]
CTTCGGTTGGGGCGACCGCGGGGGAAAGTAAAGCCCCCATGTGGARAGGGA

AR
[raA

CTTCGGTTGGGGCGACCGCGGGGGARAACAAAGCCCCCATGTGGAACGGGAIAA
CTTCGGTTGGGGCGACCACGGGGGAAAATAAAGCCCCCATGTGGAATGGGA|N AL

CTTCGGTTGGGGCGACCACGGGGGAAAA-AAAGCCCCCATGTGGACTGGGGE.

CTTCGGTTGGGGCGACCGT C GCCCCCATGAG CGGG

CTTCGGTTGGGGCGACCACGGGGGAAAACCAATCCCCCACGTGGAACGGGA]
CTTCGGTTGGGGCGACCGCGGGGTAAAACAAAACCCCCACATAGAATGGGT]

CATCCTAAGCTATGAACRACACTTCTAAGCCACAGAATATCTGA
JACCCTAAAACC, TCTCH G. CAG. TCTGA
TTCCTAAAACCAAGAG CACCTCTAAGTCACAGAACATCTGA
[TCCCTAAAACC, TCTCTAAGTCACAG. TCTGA
JACCCTAAAACCAC! G CTCTAAGTCACAG. TCTGA

JAACCTAGAGCCACGAGGGACACCTCTAAGTCACAGAATATCTGA

[TTCCTAAAACC, CTCCAAGTCACAG. TCTGA
[CTCCTAAAACC. TCTCTAAGTCACAGAACGTCTGA
JAACCTAAAACCAC! CTCTAAGTCACAG. TCTGA
JAACCTAAAACCAC! CTCTAAGTCACAG. TCTGA

JAACCTAAAACCACGAGGGACACCTCTAAGTCACAGAACATCTGA
ACCTAAAACCAC! CTCTAAGTCACAGAATATCTGA
[ TTCCTTAAACTAAGAGGGACACCTCTAAGTCACAGAACATCTGA

-HATCCTAGAACCATGAGGTACACCTCTAAGTCACAGAACCTCTGA

JAACCTAAAACCGC! CTCTAAGTCACAG. TTCTGA

CTTCGGTTGGGGCGACCGCGGGGGAAAATGAAGCCCCCATGTGGAGCGGGTIIT-ANAACCTAAARACCACGAGGGACACCTCTAAGTCACAGAATATCTGA
CTTCGGTTGGGGCGACCGCGGGGTAAAATAAAACCCCCACACAGAATGGGT] [TACCCAAAACCAC TCTCTAAGTCACAG. TTCTGA
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JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCTCTTTAAGAGTCCATATCGACAAGAGGGTT
[CCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCCTATCGACAAGGGGGTT
[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACGAGAGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCTTTCCAAGAGTCCATATCGACGARAGGGTT
[CCGATCAACGAACCTAGTTACCCTAGGGATAACAGCGCAATCCCCTTTAAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACAAGGGGGTT
JCCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCGAAAGTCCATATCGACAAGGGGGTT
[CCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCATATCGACAAGGGGGTT

MCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGCCCGTATCAACAAGGGGGTT

JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCGTATCAACAAAGGGGTT

NCCGATCAACGAACCAATTTTCCCTAGGGATAACACCGCAATCCCCTTCAAGAGTCCGCATCAACARAGGGGTT

[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGCCCGTATCAACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCTTCCAAGAGTCCCTATCGACGAAGGGGTT
[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACGAGAGGGTT
JCCGACCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
[CCGAACAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCTCTTTRAGAGTYCATATCGACAAGTGGGTT

{CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACAAGGGGGTT
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JCCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTYCATATCGACAAGGGGGTT

[TCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGCTCATATCGACAAGGGGGTT
[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGATTAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACGAGGGGGTT
JCCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCATATCGACAAGGGGGTT
[CCGATTAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTTCTTATCGACAAGGGGGTT
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JCCGATCAACGGACTAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGACCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
JCCGACCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCGAGAGTCCATATCGACAAGGGGGTT
[CCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCATATCGACAAGGGGGTT
[CCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACAGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCATATCGACAAGGGGGTT
[CCGATCAACAGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTTCAAGAGTCCATATCGACAAGGGGGTT

JCCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCCAGAGTCCCTATCGACAAGGGGGTT

[CCGATCAACGGACCAAGTTACCCTAGGGATAACAGCGCAATCCTCTTCCAGAGTCCATATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCCAGGGATAACAGCGCAATCCCCTCCCAGAGTCCCTATCGACAAGGGGGTT
JCCGATCAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCCAGAGTCCTTATCGACGAGGGGGTT
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JCCGATTGACGAACCAAGTTACCCCAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
[CCGATTAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
[CCGATTAACGAACCAAGTTACCCTAGGGATAACAGCGCAATCCCCTCCAAGAGTCCATATCGACAAGGGGGTT
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TACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGCCGCTATTAAGGGTTCGTTTGTTCAACGATTAA-AGTCCTACGTCAAATCCTAACAGGAT
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TATTTCTAGCCATGCACTACACCTCAGATGTTTCCACCGCCTTCTCCTCCGTTGCCCACATTTGCCGCGACGTAAATTATGGCTGACTAATCCGAAATAT
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TATTCCTAGCAATACACTATACCTCAGACATCTCCACTGCCTTCTCCTCCGTAGCCCACATCTGCCGTGATGTAAACTACGGCTGACTAATCCGAAATAT
TATTTTTAGCCATACACTACACCTCAGATATCTCCACTGCTTTCTCCTCAGTAGCACACATCTGTCGAGACGTTAATTACGGGTGGGT-~-CCGAAACAT

TATTTCTAGCTATACATTATACCTCAGACATCTCCACTGCATTCTCCTCAGTAGCCCACATTTGCCGTGACGTTAACTATGGCTGAGTAATTCGAAATAT
TCTTCCTGGCTATACACTACACCTCAGATATCTCTACAGCCTTCTCCTCAGTAGCCCACATCTGCCGTGACGTCAACTACGGCTGACTCATCCGAAACAT

227 272 TGCACTACACCTCCGACATCTCCACAGCCTTTTCATCAGTAGTCCACATCTGCCGAGACGTAAACCACGGCTGACTTATCCGAAATAT
TATTCTTAGCTATGCACTATACCTCAGATATCTCCACAGCCTTCTCCTCCGTAGCACATATCTGTCGTGATGTAAATTATGGATGAATTATTCGAAATAT
TCTTCCTAGCCATACATTACACCCCTGATATCTACACAGCCTTTTCTTCTGTTACTCACATCACACGAGACGTTAATTATGGGTGAATTCTTCGCAACTT
TCTTCCTAGCCATACACTACACCCCTGATATTTACACAGCATTTTCTTCTGTTACTCACATCACACGGGACGTTAATTACGGGTGAATTCTTCGCAACTT
TCTTCCTAGCTATACACTACACCCCTGATATTTACACAGCCTTTTCTTCTGTTACTCACATCACACGGGACGTTAACTACGGGTGAATTCTTCGCAACTT
TCTTTCTAGCCATACACTACACCCCCGGCATTTACACAGCTTTTTCATCCGTAACCCATATCACCCGAGACGTTAACTACGGATGAATTCTTCGAAATCT
TATTCCTAGCTATACACTACACTTCAGACATTTCAACAGCATTTTCATCTGTAGCCCACATCTGCCGAGATGTAAATTATGGGTGAATTATTCGTAATAT
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TATTCCTGGCTATACATTATACTGCAGACGTTTCAACCGCTTTCTCCTCCGTAGCCCACATCTGTCGTGACGTGAACTACGGGTGACTCATCCGAAACAT
TATTCCTGGCTATGCACTATACCTCAGACATCTCAACTGCCTTCTCATCAGTCGCCCACATCTGCCGAGACGTTAACTACGGCTGAGTCATCCGAAACCT
TCTTCTTAGCTATACACTACACCTCAGATATCACAACCGCCTTCTCATCAGTAGCCCACATTTGTCGAGACGTTAATTACGGCTGACTTATTCGAAACCT
TATTTTTAGCTATACACTATACCTCAGACGTCTCCACAGCCTTTTCCTCAGTCGCCCACATTTGCCGCGACGTCAACTATGGATGACTTATCCGTAATAT
TCTTCCTAGCCATACATTATACCTCGGACATCTCCACAGCCTTCTCCTCCGTAGCCCATATTTGCCGTGACGTCAACTACGGATGACTTATCCGAAACAT
TATTTTTAGCTATACATTATACACCAGATATTTCCATAGCCTTTTCCTCCGTAGCCCACATTTGTCGAGATGTAAATTACGGATGAACCATCCGAAATTT
TTTTTTTAGCTATACACTATACCTCTGACATCTCTACAGCTTTTTCCTCCGTTGCACATATTTGCCGAGATGTAAATTACGGATGAGTAATTCGAAACAT

TATTCCTGGCAATACACTACACCTCCGATATCTCCACAGCCTTCTCATCAGTAGTCCACATCTGCCGAGATGTCAACCATGGGTGACTAATCCGAAACAT
TTTTCTTAGCTATACACTACACCTCAGACATCTCTACAGCTTTTTCCTCTGTGGCACACATCTGCCGAGATGTAAACTACGGATGAGTTATTCGAAACAT
TATTCCTAGCAATACACTATACCTCAGACATCTCCACAGCTTTTTCCTCTGTAGCACATATTTGCCGAGATGTTAATTATGGCTGAGTTATCCGAAAYAT
TATTTCTAGCTATACACTACACTTCAGATATCTCYACAGCTTTCTCCTCCGTAGCCCACATCTGCCGAGATGTAAACTACGGATGARTTATCCGAAATAT
TATTTCTAGCAATACACTATACCTCAGATATCTCCACAGCTTTCTCTTCTGTAGCCCACATCTGCCGAGATGTAAACTACGGCTGAATTATTCGGAATAT
TATTCCTAGCCATACACTACACATCAGACATCTCCACAGCTTTCTCCTCCGTCGCCCACATCTGCCGAGATGTAAACTACGGCTGAGTAATCCGAAACAT
A R i A A e S A A A A A A A B e G B e A A e A A e S A R S A B e S A e B e B A e B A A A A e A A e A e A e e i e e i i e A e e S
TTTTCTTAGCTATACACTACACATCCGACATCTCCACAGCATTCTCTTCCGTAGCACACATCTGCCGAGATGTAAATCACGGTTGAATTATCCGAAACAT
R R e A A e R A A A A A A A B e G B e A A e B A e S A A S A A e S A e B A e A A e B A A A A e A A e A e A e A e e i i e A A e e S
TATTCTTAGCTATACACTACACCTCCGACATCTCTACAGCTTTTTCCTCCGTAGCTCACATCTGCCGAGATGTAAACCACGGCTGAATTATTCGTAACAT
TATTTTTAGCAATACATTATACCTCAGATATCTCCACCGCTTTCTCTTCAGTCACCCACATCTGCCGAGACGTCAACTACGGATGAGTTATTCGAAATAT
TATTTTTAGCAATACACTACACCTCAGACATCTCCACCGCTTTCTCTTCAGTCGCCCACATTTGCCGAGACGTCAATTATGGTTGAATTATCCGAAACAT
TTTTTCTAGCCATACACTATACAT-AGATATCTCAACAGCCTTCTCCTCGGTAGTACATATCTGCCGAGACGTCAATTATGGCTGAGCCATCCGCAATAT
TATTCCTGGCAATACACTACACGTCGGACATCTCTACAGCTTTTTCCTCAGTCGTCCATATCTGCCGAGATGTAAACTACGGCTGAGCAGTCCGCAATAT
TATTTTTAGCAATGCACTATACTTCAGACATCTCAACAGCCTTCTCATCAGTAGTTCACATCTGCCGAGATGTTAATTATGGCTGAGCTATTCGTAATAT
TATTTCTGGCTATGCACTACACATCCGACATTTCTACAGCCTTCTCGTCAGTTGTTCACATCTGCCGGGATGTAAATTATGGCTGAGCCATCCGTAATAT
TATTCCTAGCTATACATTAYACATCAGACATTTCAACCGCCTTTTCTTCCGTAGTCCACATCTGTCGAGATGTAAACTACGGATGAGTTATTCGAAATAT
TCTTTCTAGCCATACACTATACGTCAGACATCACAACCGCCTTCTCATCAGTAGCCCACATTTGCCGAGACGTTAACTACGGCTGACTCATCCGAAACCT
?72?2?GCTAGCCATACATTACACATCAGATATTACAACCGCTTTCTCCTCAGTAGCCCACATYTGCCGAGACGTCAATTACGGATGAATTATCCGCAACAT
TATTTCTAGCAATACACTACACATCCGACATCTCAACTGCCTTCTCATCAATTACCCATATTTGCCGAGACGTAAATTACGGGTGATTAATTCGAAACAT
TATTCTTAGCTATACACTACACCTCAGATATCTCAACTGCATTCTCCTCCGTCGCCCACATCTGCCGAGACGTAAACTATGGATGAATTATTCGAAATGC
TTTGTCTAGCCATACATTACACCTCAGACATTTCTACGGCCTTCTCCTCTGTTACACACATTTGCCGAGACGTAAACTACGGGTGAATTATCCGTAATAT
TCTTCCTAGCCATGCACTATACTTCAGACATCTCCACAGCCTTCTCCTCCGTTACACACATTTGCCGAGACGTAAACTACGGATGAATTATCCGTAATAT
R R e A A e R A A A A A A A B e G A e A A e B A e S A R G A B e S A e B e B A e B A A A A A A A e A e A A e e A e e i i e A A e e )
TCTTTTTAGCAATACATTACACCTCCGACATCACCACAGCTTTTTCTTCTGTGATACACATCTGCCGAGACGTTAACTACGGCTGAGTAATCCGAAACAT
TCTTTTTAGCAATACATTACACCTCCGACATCACCACAGCTTTTTCTTCTGTGATACACATCTGCCGAGACGTTAACTACGGCTGAGTAATCCGAAACAT
TCTTCTTGGCAATACACTACACTTCGGACATCTCCACAGCTTTTTCCTCTGTTATACATATCTGCCGAGATGTAAATTATGGCTGAGTTATCCGAAACAT
TCTTCTTGGCAATACACTACACTTCCGACATCTCCACAGCTTTTTCCTCTGTTATACATATCTGCCGAGATGTAAATTATGGCTGAGTTATCCGAAACAT
TCTTCTTGGCAATACACTACACTTCGGACATCTCCACAGTTTTTTCCTCTGTTATACATATCTGCCGGGATGTCAATTATGGCTGAGTTATCCGAAACAT
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TCTTTTTGGCAATACACTACACCTCGGACATCTCCACAGCCTTTTCCTCTGTTATGCACATCTGCCGAGATGTAAACTATGGCTGAGTTATCCGAAATAT
TCTTTTTGGCAATACACTACACTTCGGACATCTCCACAGCCTTTTCCTCTGTTATGCACATCTGCCGAGATGTAAACTATGGCTGAGTTATCCGAAATAT
TCTTCTTGGCAATACACTACACTTCGGACATCTCCACAGTTTTTTCCTCTGTTATACATATCTGCCGAGATGTGAATTATGGCTGAGTTATCCGAAACAT

TTTTCTTAGCAATACATTATACCTCAGATATTTCTACTGCTTTTTCCTCCGTAACACATATCTGCCGAGACGTGAACTATGGATGAATCATCCGAAATAT
TTTTCTTAGCAATACATTATACCTCAGATATTTCTACTGCTTTTTCCTCCGTAACACATATTTGCCGAGACGTGAACTATGGATGAATCATCCGAAATAT
TTTTCTTAGCAATACATTATACCTCAGATATTTCTACTGCTTTTTCCTCCGTAACACATATTTGCCGAGACGTGAACTATGGATGAATCATCCGAAATAT
TTTTCTTAGCAATACATTATACCTCAGATATTTCTACTGCTTTTTCCTCCGTAACACATATTTGCCGAGACGTGAACTATGGATGAATCATCCGAAATAT

ACATGCCAACGGAGCTTCCTTTTTCTTCATCTGTATTTACCTTCACATCGGCCGAGGCCTATATTATGGTTCTTACCTCTATAAAGAAACCTGAAACATT
2222 22 2 272 2 272 22 2 272 2222272 272 2 22 2 272 2222272 272 2

2

GCACGCTAACGGAGCCTCTTTCTTCTTCATCTGCATCTACTTCCACATCGGCCGCGGCCTGTACTATGGCTCGTACCTATACAAAGAAACATGAARACATC
GCACGCCAACGGAGCCTCCTTCTTCTTTATCTGCATCTACTTCCATATCGGCCGAGGCTTATACTATGGCTCATACCTTTACAAAGAAACATGAAATATC
GCACGCCAACGGAGCCTCATTTTTCTTCATCTGCATCTACCTACACATTGGTCGAGGCTTATACTACGGCTCCTACCTGTATAAAGAAACATGAAACATT
2222222222222222222222222222022222222222220202222222222222222222222222222222222222222222222222222222
ACATGCCAACGGAGCATCATTTTTCTTCATCTGTATTTACCTTCACATCGGCCGAGGCCTTTACTATGGCTCTTACTTATATAAAGAAACATGAAACATT
ACACGCCAACGGAGCCTCATTCTTCTTTATCTGCATTTATCTTCACATCGGCCGAGGCTTATACTACGGCTCCTACCTTTATAAAGAAACATGAAACATT
ACATGCCAACGGAGCTTCATTCTTCTTCATCTGCTTATACCTACATATTGGCCGAGGCCTTTACTATGGCTCCTACGTGTACATAAAAACATGAAACGTT
GCACGCCAACGGAGCTTCATTCTTCTTCATCTGCTTGTATTTACACATTGGCCGAGGCCTTTATTATGGCTCCTACGTTTACATAAAAACATGARACGTT
GCATGCCAACGGAGCTTCATTCTTCTTCATTTGTTTATACCTACACATTGGCCGAGGCCTTTATTATGGCTCCTACGTATACATAAAAACATGAAATGTT
ACACGCCAACGGAGCCTCATTTTTCTTTATCTGCTTGTATTTACACATTGGTCGAGGCCTTTACTACGGATCCTACGTATACATAAAAACATGGAATGTT
GCATGCCAATGGGGCCTCATTCTTCTTCATTTGCCTATATGCACACATCGGACGAGGCCTTTACTATGGCTCCTTCACCTACAAAGAAACATGARATATT
2222222222222222222222222222222222222222222202222222222222222222222222222222222222222222222222222222
ACATGCCAATGGAGCCTCATTTTTCTTTATCTGTATTTACTTCCACATTGGCCGAGGACTATATTATGGCTCCTACCTCTATAAAGAAACCTGAAACATC
CCATGCCAACGGCGCCTCATTCTTCTTCATCTGCATTTATCTTCACATCGGCCGAGGCTTATATTATGGCTCCTACCTTTACAAAGAAACTTGAAATATT
CCATGCTAACGGCGCCTMATTCTTCTTMATTKGCATCTATCTTCACATSGGCCGGGGCCTYTACTACGGGTCATACCTCTACAAAGAAACATGARACATT
CCACGCCAACGGAGCCTCTTTCTTCTTTATTTGCATCTACCTTCACATCGGACGAGGACTCTACTATGGCTCCTACCTCTATAAAGAAACATGAARACATT
ACACGCCAACGGAGCATCCTTCTTCTTCATTTGCATTTACCTCCACGTCGGCCGAGGCTTATACTACGGGTCATACTTATATAAAGAAACCTGAAATATT
ACACGCTAACGGAGCCTCATTCTTCTTCATCTGCATTTATCTACACATTGGTCGAGGCCTGTACTACGGCTCCTACCTTTACAAAGAAACATGAAACATC
ACATGCCAACGGGGCTTCATTTTTCTTTATCTGTATTTATTTACATATTGGCCGAGGCCTATACTACGGCTCCTACCTCTACAAAGAAACATGGAATATT
ACACGCCAATGGAGCCTCCTTCTTCTTTATCTGTATCTACTTCCATATTGGCCGAGGCCTCTACTACGGCTCATACCTTTATAAGGAAACGTGGAATATT
ACACGCTAATGGAGCCTCATTCTTCTTTATCTGCATCTACTTACACATTGGTCGAGGCCTATACTACGGGTCCTATTTATATAAAGAGACATGAAACATC
ACATGCTAACGGAGCCTCATTCTTCTTCATCTGCATTTACCTACACATCGGCCGAGGCCTATATTATGGCTCCTACCTCTATAAAGAAACGTGAAACATC
GCACGCTAACGGAGCCTCATTCTTTTTTATTTGCATTTACTTCCACATCGGCCGAGGTCTCTACTATGGCTCCTACCTTTATAAAGAAACATGAARACATT
ACATGCTAACGGAGCCTCATTYTTCTTTATTTGTATTTATTTCCACATTGGCCGAGGCCTCTACTACGGCTCTTACCTTTACAAAGAAACATGAAACATT
ACACGCCAACGGAGCCTCATTCTTCTTCATTTGTATCTATTTCCATATTGGCCGAGGCCTTTACTACGGCTCATACCTCTACAAAGAAACATGGAATATT
ACATGCTAATGGGGCCTCTTTCTTCTTCATCTGCATTTATCTTCACATCGGACGAGGCCTGTACTATGGCTCGTATTTCTACAAAGAGACATGAAACATT
ACATGCTAACGGAGCCTCTTTCTTTTTTATCTGCATCTACTTACACATCGGACGAGGACTCTACTATGGCTCCTACCAATACAAAATAACATGAAACGTA
A R e A A e S A A S A A e A A e G B A e A A e B A e S A R G S R e A R e B e A A e A A A A A e A A e A e A e A e e i i e A e e S
GCACGCCAACGGAGCCTCATTCTTCTTTATTTGCATTTACTTCCACATTGGTCGAGGCCTTTACTATGGCTCTTACCTTTACAAAGAAACATGAAATATT
A R e B A e S A A A A A e A A e e B e A A e A A e S A R G S A e S A e A e A A e S A A A A A A A e A e A e A e e i i e A e e S
GCACGCCAACGGAGCCTCATTCTTCTTTATCTGCATTTATTTCCATATTGGCCGAGGCCTTTACTATGGCTCCTACCTGTACAAAGAAACATGAARACATT
ACACGCCAACGGAGCCTCATTCTTTTTTATCTGTATTTACTTCCACATTGGTCGAGGATTATACTACGGTTCATACCTTTATAAAGAAACTTGAAACATC
GCATGCCAATGGGGCCTCATTCTTTTTTATTTGCATCTATTTTCACATTGGTCGCGGGCTTTATTATGGCTCCTACCTCTACAAAGAAACCTGAARACATT
TCACGCCAACGGAGCATCATTTTTCTTCATCTGCATTTACTTCCACATTGGCCGAGGCCTTTACTATGGCTCCTATCTTTATAAAGAAACATGAAATATT
TCATGCTAACGGAGCATCCTTCTTCTTTATCTGCATTTATTTCCATATCGGCCGAGGGTTGTACTACGGATCATACCTCTACAAAGAAACATGARATATT
TCACGCTAACGGGGCATCATTCTTTTTTATCTGTATCTATTTCCACATCGGCCGAGGCCTATACTATGGTTCATACCTCTATAAAGAAACATGARATATT
TCATGCTAACGGAGCATCATTTTTCTTCATCTGCATCTATTTCCACATTGGACGAGGCCTGTACTACGGCTCATACTTATATAAAGAAACATGAAACATT
ACATGCTAACGGAGCCTCATTCTTCTTCATCTCAATTTACCTCCACATTGGCCGAGGCCTATACTACGGCTCGTACCTCTACAAAGAAACCTGAAACATC
CCATGCCAACGGGGCCTCCTTCTTCTTCATCTGCATCTACCTCCACATCGGCCGAGGACTCTATTATGGCTCCTACCTCTATAAAGAAACTTGAAACATT
ACATGCCAATGGGGCCTCATTCTTCTTTATCGCAGTTTACCTCCACATSGGCCGAGGTCTCTACTACGGTTCATACCT-TACAAAGAGACATGAAATGTC
GCATGCTAATGGAGCATCATTCTTCTTCATCTCCATTTACCTCCACATCGGTCGAGGACTCTACTACGGCTCCTACCTCTACAAAGAAACTTGAAACATC
ACACGCCAATGGAGCCTCATTCTTCTTTATTTGCATCTACCTGCACATCGGCCGAGGCCTTTATTACGGGTCCTACTTATACARAGAGACTTGGAATATC
ACATGCCAACGGAGCCTCATTCTTTTTTATCTGCATCTACTTTCATATTGGCCGAGGCCTCTACTACGGCTCTTATCTTTACAAAGAAACATGAAACATT
GCATGCCAACGGAGCCTCATTCTTCTTCATCTGCATCTATTTCCATATTGGCCGAGGCCTCTACTATGGCTCTTACCTATATAAAGAGACATGAAACATT
R R e A A e S A A S A A A A B e G R e A A e B A e S A R G A A e A R e A e A A e B A A A A e A A e A e A e A e e i i e A e e S
GCACGCTAACGGAGCCTCCTTCTTTTTTATCTGCATCTACTTCCACATTGGCCGGGGACTTTACTACGGCTCCTACCTTTATAAGGAAACCTGAARACATC
GCACGCTAACGGAGCCTCCTTCTTTTTTATCTGCATCTACTTCCACATTGGCCGGGGACTTTACTACGGCTCCTACCTTTATAAGGAAACCTGAAACATC
GCATGCCAACGGAGCCTCCTTCTTCTTTATTTGCATTTACCTCCACATTGGTCGAGGCCTTTACTACGGCTCGTATTTATATAAAGAAACTTGAAACATC
GCATGCCAACGGAGCCTCCTTCTTCTTTATTTGCATTTACCTCCACATTGGTCGAGGCCTTTACTACGGCTCGTATTTATATAAAGAAACTTGAAACATC
GCATGCCAACGGAGCCTCCTTCTTCTTTATTTGCATTTACCTCCACATTGGTCGAGGCCTTTACTACGGCTCGTATTTATATAAAGAAACTTGAAACATC
GCACGCCAACGGAGCCTCCTTCTTCTTCATCTGTATCTATCTCCATATTGGTCGAGGTCTTTACTATGGCTCATATTTATATAAAGAAACTTGAARACATT
GCACGCCAACGGAGCCTCCTTCTTCTTCATCTGTATCTATCTCCATATTGGTCGAGGTCTTTACTATGGCTCATATTTATATAAAGAAACTTGAAACATT
GCATGCCAACGGAGCCTCCTTCTTCTTTATTTGCATTTACCTCCACATTGGTCGAGGCCTTTACTACGGCTCGTATCTATATAAAGAAACTTGAARACATC
TCATGCAAATGGAGCCTCTTTCTTTTTTATTTGCATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGGAATATT
TCATGCAAATGGAGCCTCTTTCTTCTTTATTTGTATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGARATATT
TCATGCAAATGGAGCCTCTTTCTTCTTTATTTGTATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGARATATT
TCATGCAAATGGAGCCTCTTTCTTCTTTATTTGTATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGAAATATT
TCATGCAAATGGAGCCTCTTTCTTCTTTATTTGTATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGARATATT
TCATGCAAATGGAGCCTCTTTCTTTTTTATTTGCATTTACCTACACATTGGCCGAGGCCTTTATTATGGTTCATACCTATATAAAGAAACATGGAATATT
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GGAGTTATTCTCTTATTACTAGTTATAATAACTGCATTTGTAGGCTATGTCCTCCCATGAGGACAAATATCATTCTGAGGTGCAACCGTAATCACAAACC
R R e A A e R A A A A A A A B e G B e A A e B A e S A A S A A e S A e B A e A A e B A A A A e A A e A e A e A e e i i e A A e e S
GGCGTAGTCCTATTACTACTAGTTATGATAACTGCATTCGTAGGTTATGTACTACCATGAGGGCAAATATCATTCTGAGGCGCTACCGTAATTACAAACC
GGCGTCGTCCTGCTTCTACTCGTGATAATGACTGCATTTGTAGGATACGTCCTTCCATGGG! TATCATTCT CACCGTTATTACTAACC
GGAGTCGTCCTCCTCCTACTAGTAATAATAACAGCATTCGTTGGATATGTACTTCCATGAG! TATCATTTT AACCGTAATTACGAACC
GGAGTAGTGCTGCTCCTACTAGTTATAATGACCGCATTTGTGGGATATGTACTCCCATGAGGACAAATATCATTTTGAGGAGCAACCGTAATTACAAACC
R R e B A e R A A A A A A A B e G B e A A e A A e S A R S A A e S A e B e A A e B A A A A e A A e A e A e A e e i i e i A e e i
GGAGTAGTCCTTTTACTATTATTAATAATAACTGCTTTCGTAGGCTATGTCCTACCATGAGGACAAATATCATTCTGAGGCGCCACCGTAATTACAAACC
GGCGTAGCCCTTCTACTATTAGTAATGATAACTGCATTTGTTGGCTACGTGCTACCTTGAGGCCAAATGTCCTTCTGAGGTGCTACAGTAATCACAAACC
GGCGTCGTTCTACTCCTCTTAGTCATAGCAACCGCGTTTGTGGGCTACGTCCTCCCCTGAGGTCAAATATCCTTTTGAGGTGCTACAGTAATCACAAACC
GGTGTTGTACTACTTCTCTTAGTCATAGCAACCGCGTTTGTGGGCTATGTCCTCCCATGAGGTCAAATATCCTTTTGAGGTGCTACAGTAATCACTAACC
GGTGTTGTACTACTTCTCTTAGTCATAGCGACCGCGTTTGTAGGCTATGTTCTCCCCTGAGGTCAAATATCCTTTTGAGGTGCTACAGTAATCACAAACC
GGGGTCGTACTCCTTCTCCTAGTAATAGCAACCGCATTCGTAGGGTATGTCCTACCATGAGGACAAATATCCTTCTGAGGCGCCACAGTGATTACAAACC
GGAGTTGTCCTGCTCCTTTTAGTTATAATGACCGCATTTGTCGGCTACGTCCTTCCATGAGGACAAATATCTTTTTGAGGTGCTACCGTTATTACCAACC
R R e A A e R A A A A A A A B e G A e A A e B A e S A R S A R e A A e B e A A e B A A A A e A A e A e A e A e e i i e i A e e S
GGAGTCGTTCTACTACTTCTAGTTATAATAACAGCCTTCGTGGGTTATGTTCTACCATGAGGCCAAATATCATTTTGAGGGGCTACTGTTATTACCAACT
GGAGTAATTCTCCTTCTTCTAGTCATAATAACCGCATTCGTAGGCTACGTCCTACCCTGGGGCCAAATGTCTTTCTGAGGTGCCACTGTCATCACAAATC
GGCGTAATCCTCCTCCTTTTAGTAATAATAACTGCTTTTGTTGGCTACGTCCTCCCATGAGGCCAAATATCCTTTTGAGGCGCAACTGTCATTACCAACC
GGTGTCATCTTACTCCTCCTCGTTATAATAACCGCATTCGTAGGCTACGTCCTACCATGAGGCCAAATATCCTTCTGAGGTGCCACAGTAATTACCAACC
GGAGTAATTCTTCTGCTACTAGTTATAATAACTGCATTTGTGGGCTATGTCCTTCCATGAG! TATCATTCT CACCGTAATTACAAACC
GGAGTAGTACTACTCCTGCTAGTCATAATAACCGCATTCGTGGGATACGTACTCCCATGAGGACAAATATCATTTTGAGGGGCAACCGTAATTACAAACC
GGTGTTGTTCTTCTTCTTCTAGTGATAATAACCGCATTTGTAGGTTATGTCCTCCCGTGAGGACAGATGTCTTTTTGAGGTGCAACAGTAATTACTAATC
GGAGTGGTCTTACTACTCCTGGTGATAATGACTGCATTTGTGGGCTATGTCTTACCTTGAGGACAGATATCCTTCTGAGGTGCCACAGTGATTACCAACC
GGAGTAGTACTCCTTCTCCTAGTAATAATAACCGCATTCGTAGGCTACGTCCTACCATGAG! TATCTTTTT CACCGTTATTACAAATC
GGAGTAATCCTGCTACTTTTACTAATAATAACTGCATTCGTGGGCTACGTCCTGCCCTGAGGACAAATATCATTCTGAGGTGCCACCGTAATTACAAACC
GGCGTAGTACTATTACTTCTAGTAATAATGACCGCATTTGTAGGTTACGTTCTCCCCTGAGGACAAATATCCTTCTGAGGCGCCACAGTAATTACCAACC
GGCGTAGTCCTACTGCTTTTAGTAATAATAACCGCATTCGTAGGCTACGTTCTGCCCTGAGGACAAATGTCCTTCTGAGGCGCTACGGTAATTACCAACC
GGAGTTGTTCTCTTACTTCTAGTAATAATAACCGCATTCGTAGGTTATGTTCTTCCCTGAGGACAAATATCTTTTTGAGGTGCCACAGTAATTACAAATC
GGTGTAATCTTATTACTATTAGTAATAATAACTGCATTCGTGGGTTACGTACTACCCTGAGGACAAATATCCTTCTGAGGTGCCACAGTAATTACAAATC
GGGGTGATTTTACTACTTTTAGTTATAATAACCGCCTTCGTTGGCTACGTCCTCCCATGAGGCCAAATATCCTTTTGAGGCGCCACTGTCATCACAAACT
R B B A B B O B B B A B O A B G A B B B G G O A B A B N G A A B G A N G A A N N NS
GGCGTAGTACTACTTCTCTTAGTAATAATAACCGCATTCGTAGGTTACGTCCTCCCCTGAGGACAAATATCATTCTGAGGTGCTACAGTAATTACAAACC
R B B B B O B B B G A B B R B B B G A G O A A A B A B A A B G A G A N N N N N N N NS
GGTGTAGTACTTCTCCTCCTAGTAATAATAACTGCATTCGTGGGTTATGTTCTCCCCTGAGGACAAATATCTTTCTGAGGTGCCACAGTAATTACAAACC
GGCGTTATCCTCCTCCTTTTAGTGATAATAACAGCCTTCGTGGGCTACGTATTACCATGAGGACAAATATCATTCTGAGGTGCCACCGTCATCACCAACC
GGGGTCATCCTCCTTCTCTTGGTCATAATAACAGCCTTTGTAGGCTACGTTCTGCCCTGAGGCCAAATATCATTCTGAGGTGCCACTGTCATCACCAACC
GGTGTTATTCTGCTTCTTTTAGTAATAATAACTGCATTCGTGGGTTACGTCTTACCCTGAGGACAAATATCATTCTGAGGCGCAACTGTCATTACCAATC
GGCGTAGTGCTGCTTCTTCTAGTAATAATAACAGCATTTGTGGGCTACGTCCTGCCTTGAGGACAGATATCGTTCTGAGGCGCAACAGTTATCACCAACC
GGCGTTGTCCTTCTCCTTTTAGTAATAATAACTGCATTCGTTGGTTATGTACTCCCCTGAGGACAAATATCATTTTGAGGTGCAACCGTCATTACCAACC
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GGCGTAGTTCTTCTTCTTTTAGTAATGATAACTGCATTTGTTGGGTACGTCCTTCCTTGAGGACAAATGTCATTCTGGGGCGCAACTGTCATTACTAATC
GGAGTAGTTCTCTTATTATTRGTAATAATAACCGCATTCGTAGGATACGTCCTTCCATGAGGACAAATATCCTTCTGAGGTGCAACAGTAATTACAAATC
GGTGTTGTCTTGCTCCTACTCGTTATGATAACTGCATTCGTAGGCTACGTCCTACCATGAGGCCARATATCCTTCTGAGGGGCCACAGCCATCACCAACC
GGAGTTATCCTTCTCCTACTACTAATAATAACTGCATTCGTAGGATACGTCCTTCCCTGAGGACAAATATCGTTCTGAGGTGCAACAGTAATCACTAACC
GGAGTTGTCCTCCTACTTTTAGTAATAATAACTGCATTCGTCGGCTACGTCCTACCATGAGGACAAATATCATTTTGAGGCGCAACTGTCATCACTAACT
GGGGTAGTACTCCTTCTCTTAATAATAATGACCGCATTCGTCGGCTACGTGCTACCGTGAGGACARATATCCTTCTGAGGTGCTACCGTAATCACAAATC
GGCGTGATCCTTCTCCTCCTAGTAATGATGACTGCATTCGTAGGGTACGTCCTCCCATGAGGACAAATATCCTTCTGAGGTGCCACAGTTATTACAAACC
GGCGTAATCCTTCTCCTCCTAGTAATAATAACTGCATTTGTGGGGTACGTTCTCCCATGAGGACAAATATCCTTCTGAGGCGCTACAGTTATTACGAACC
R R e A A e R A e A A A A A B e G B e A A e B A e S A R G A R e S A e B e A A e B A A A A e A A e A A e A e A e e i i e e e S
GGAGTAGCCCTCCTTCTTTTGACAATAATAACCGCATTCGTAGGCTACGTCTTACCATGAGGACAAATATCCTTCTGAGGCGCAACCGTCATTACAAACC
GGAGTAGCCCTCCTTCTTTTGACAATAATAACCGCATTCGTAGGCTACGTCTTACCATGAGGACARATATCCTTCTGAGGCGCAACCGTCATTACAAACC
GGAGTAATTCTTCTTCTGCTAGTTATAATGACAGCGTTTGTAGGCTACGTTCTTCCCTGAGGACAAATATCCTTTTGAGGTGCTACAGTGATTACTAACC
GGAGTAATTCTTCTTCTGCTAGTTATAATGACACCGTTTGTAGGCTACGTTCTTCCCTGAGGACAAATATCCTTTTGAGGTGCTACAGCGATTACTAACC
GGAGTAATTCTCCTTCTGCTAGTTATAATGACAGCGTTTGTAGGCTACGTTCTTCCCTGAGGACAAATATCCTTTTGAGGTGCCACAGTGATTACTAACC
GGAGTAATCCTCCTTCTACTAGTTATAATAACAGCATTTGTGGGCTATGTTCTTCCTTGAGGACAAATATCCTTTTGGGGCGCCACAGTAATTACTAACC
GGAGTAATCCTCCTTCTACTAGTTATAATAACAGCATTTGTGGGCTATGTTCTTCCTTGAGGACAAATATCCTTTTGGGGCGCCACAGTAATTACTAACC
GGAGTAATTCTCCTTCTGCTAGTTATAATGACAGCGTTTGTAGGCTACGTTCTTCCCTGAGGACAAATATCCTTCTGAGGTGCCACAGTGATTACTAACC
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCAAATATCTTTCTGAGGTGCCACAGTTATTACAAATT
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCAAATATCTTTCTGAGGTGCCACAGTTATTACAAATT
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCAAATATCTTTCTGAGGTGCCACAGTTATTACAAATT
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCARAATATCTTTCTGAGGTGCCACAGTTATTACAAATT
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCAAATATCTTTCTGAGGTGCCACAGTTATTACAAATT
GGTGTTATTTTATTACTTCTAGTAATGATAACCGCATTTGTAGGTTACGTATTACCATGAGGCCAAATATCTTTCTGAGGTGCCACAGTTATTACAAATT

901 1000
TTCTATCTGCAGTTCCATATGTAGGTGATGCATTAGTACAATGAATTTGAGGGGGCTTCTCAGTAGATAACGCAACCCTAACCCGATTCTTTGCCTTCCA
A R e A A e S A A S A A A A B e G A e A A e B A e S A R e A A e S A e B e A A e B A A e A A A A e A e A e A e e i i e A A e e S
TGCTCTCCGCCGTGCCCTACGTTGGAGATGCCCTAGTACAATGAATCTGAGGAGGCTTCTCCGTAGACAACGCAACCCTGACACGATTCTTTGCCTTCCA
TTCTTTCAGCAGTCCCATATGTAGGAGACACCCTAGTCCAATGAATCTGAGGCGGATTCTCCGTTGACAATGCAACTCTAACCCGATTCTTTGCCTTCCA
TCCTCTCCGCCGTCCCATATGTAGGCGATATCCTAGTGCAATGAATCTGAGGCGGCTTCTCTGTAGACAACGCAACCCTAACCCGATTCTTCGCCTTCCA
TCCTCTCCGCAGTGCCATACGTAGGAGATGCTTTAGTACAATGAATCTGAGGCGGGTTCTCCGTAGACAACGCAACCCTGACACGATTCTTCGCCTTCCA
2227 ? 272 2
TACTCTCAGCTGTCCCATACGTAGGAGACATACTAGTACAATGAATCTGAGGAGGCTTTTCCGTTGATAACGCAACCCTAACACGATTCTTTGCGTTCCA
TCCTTTCCGCAGTACCCTACATAGGTGACATACTAGTACAATGAATCTGAGGTGGTTTTTCAGTTGATAATGCAACCCTAACACGATTCTTTGCCTTCCA
TACTCTCAGCAATCCCATACATTGGTGATCAATTGGTACGTTGAATCTGAGGCGGATTTTCTGTTGACAATGCCACCCTTACACGATTCTTTGCCTTCCA
TACTTTCAGCAATCCCATACATTGGTGACCAGTTAGTACGTTGAATTTGAGGCGGGTTTTCTGTTGACAACGCCACCCTCACACGATTCTTTGCCTTCCA
TACTTTCAGCAATCCCTTATATTGGTGACCAGTTAGTACGTTGAATCTGAGGCGGGTTTTCTGTTGACAACGCTACCCTCACACGATTCTTTGCCTTCCA
TCCTGTCAGCCATTCCTTATATTGGTGATCAATCAGTACGATGAGTATGAGGTGGTTTCTCAGTAGACAACGCAACTCTCACACGGTTCTTTGCTTTCCA
TATTATCCGCAGTACCTTATATAGGAGATGCTCTCGTTCAATGAATCTGAGGAGGGTTCTCGGTAGATAATGCTACTTTAACACGATTTTTTACCTTCCA
A R e A A e S A A A A A A A B e G A e A A e A A e S A R G S A e S A e B e A A e B A A A A e A A e A e A A e A e e i i e A A e e S
TACTATCTGCAGTCCCCTACATTGGAAACACACTAGTACAATGAATCTGAGGGGGGTTTTCTGTAGACAACGCAACCCTAACCCGTTTCTTTGCTTTCCA
TTCTATCCGCCATTCCCTACGTAGGAGACATACTAGTACAATGAATTTGAGGCGGATTCTCTGTAGATAACGCAACACTAACCCGATTCTTCACCTTCCA
TATTATCAGCTGTCCCCTACGTAGGAAATGCCCTAGTCCAATGGATCTGAGGGGGCTTCTCCGTAGACAACGCAACCCTCACCCGATTTTTCGCTTTCCA
TTCTCTCCGCCGTCCCCTATGTCGGAGAAATATTAGTACAATGAATCTGAGGCGGCTTCTCCGTAGACAATGCAACCCTTACCCGATTCTTTGCATTCCA
TCCTCTCTGCCATCCCCTATGTGGGAGACATACTAGTACAATGAATCTGGGGTGGATTCTCAGTAGATAACGCAACCTTAACACGATTCTTCGCTTTCCA
TCCTCTCCGCCGTCCCATACGTAGGAGATGCTCTAGTACAATGAATCTGAGGTGGCTTCTCCGTAGACAACGCAACCCTAACCCGATTCTTCGCCTTCCA
TCCTTTCCGCAATTCCTTATATAGGAAATGCATTAGTACAATGAATCTGAGGTGGCTTTTCTGTTGATAATGCAACCCTCACACGATTCTTTGCCTTCCA
TTCTTTCCGCGGTACCCTATATAGGAGACGCCCTAGTCCAGTGAATTTGAGGAGGGTTCTCTGTAGACAATGCCACGCTTACACGATTCTTTGCCTTCCA
TTCTCTCTGCCGTTCCCTATGTAGGAGATATGCTAGTTCAATGAATCTGAGGCGGATTTTCCGTAGACAATGCCACCCTTACACGATTCTTCGCCTTTCA
TGCTCTCAGCCGTCCCATACATGGGTGACATACTAGTACAATGAATTTGAGGGGGCTTTTCTGTAGACAATGCAACACTAACACGATTTTTTGCCTTTCA
TTCTTTCTGCAGTACCATATATGGGAGACGCACTAGTCCAATGAATCTGAGGGGGCTTTTCCGTAGATAATGCTACACTAACACGATTCTTTGCCTTCCA
TTCTCTCCGCCGTACCATATATAGGAGACGCACTAGTACAATGAATTTGAGGGGGCTTCTCTGTAGACAACGCCACGCTAACGCGATTCTTTGCTTTCCA
TCCTCTCTGCAGTCCCGTACATAGGAGATGCACTAGTTCAATGAATTTGAGGGGGCTTCTCTGTAGATAACGCCACACTAACACGATTCTTTGCCTTCCA
TCCTCTCTGCAGTCCCCTATATAGGAGATGCACTAGTACAATGAATCTGAGGGGGGTTTTCCGTAGACAATGCAACCCTTACACGATTTTTTGCCTTCCA
TACTATCTGCCGTACCCTACATTGGAGACATACTAGTACAATGAATTTGAGGGGGCTTCTCAGTAGACAATGCAACACTAACCCGCTTCTTTGCCTTCCA
R B A B B O B O B A B G A G A G A B G G O A B A B B A G A A B G A G A A A N N N N N NS
TCCTTTCCGCAGTTCCTTATATAGGAGATGCACTAGTACAATGAATCTGGGGTGGCTTCTCTGTAGATAACGCAACCCTCACCCGATTCTTTGCCTTCCA
R B B A B B B O B B G A B G A B A A B G A G O A B A G A B A A B G A G A A G N N N N N S
TCCTCTCCGCAGTACCCTACATAGGAGACGCACTAGTCCAATGAATTTGAGGCGGATTTTCCGTAGATAATGCAACTCTAACCCGATTCTTCGCCTTCCA
TACTTTCTGCAGTACCATATATTGGAAATAACTTAGTACAATGAATCTGGGGCGGCTTCTCCGTAGATAATGCAACCCTAACTCGATTCTTTGCCTTCCA
TACTCTCTGCAGTCCCTTACATCGGAGACACACTAGTACAGTGAATTTGAGGTGGTTTTTCCGTAGATAACGCAACCCTAACCCGCTTCTTTGCCTTCCA
TACTCTCCGCAGTTCCCTATATTGGAGACACCTTAGTACAATGAATCTGAGGAGGCTTCTCCGTAGACAACGCAACGCTGACCCGATTCTTCGCCTTCCA
TACTCTCCGCGGTGCCCTATATCGGTGATACCCTGGTTCAATGAATCTGAGGCGGCTTCTCCGTCGACAACGCCACTTTAACTCGATTCTTCGCCTTCCA
TACTGTCCGCTGTGCCATACGTTGGGGACGCCCTCGTCCAATGAATCTGAGGCGGCTTCTCAGTTGATAACGCCACCCTCACCCGCTTCTTTGCCTTCCA
TACTATCCGCAGTACCATATGTCGGAGATGCCCTAGTTCAATGAATCTGAGGCGGCTTCTCAGTTGATAATGCCACTCTCACCCGATTTTTCGCCTTCCA
TTCTTTCAGCCGTCCCCTACCTAGGAGAATCCCTAGTCCAATGAATCTGAGGAGGCTTCTCCGTRGATAACGCAACCCTCACCCGATTCTTTGCTTTCCA
TTCTTTCCGCCGTCCCCTACATTGGAGAAACCCTAGTACAATGAATCTGAGGCGGCTTCTCCGTAGACAATGCAACTCTTACCCGATTCTTCGCATTCCA
TCCTCTCAGCTGTCCCCTACCTAGGAGAATCCCTTGTCCAATGAATTTGAGGGGGATTTTCCGTAGACAATGCAACCCTCACCCGATTCTTTACATTCCA
TACTCTCAGCCGTACCCTATATCGGAGAATCCCTTGTCCAATGAATCTGAGGAGGCTTCTCCGTAGACAATGCAACCCTCACCCGATTTTTCGCCTTCCA
TCCTCTCTGCCGTCCCCTATGTCGGAGATATATTAGTACAGTGAATTTGAGGCGGATTCTCTGTAGATAACGCCACCCTCACACGATTCTTCGCCTTCCA
TTCTTTCCGCAGTCCCATACGTAGGAGACATGCTAGTACAATGGATTTGAGGAGGATTCTCTGTAGATAACGCAACTCTAACACGATTTTTCGCCTTCCA
TCCTCTCCGCAGTCCCCTATGTAGGAGACATGCTAGTACAATGAATTTGAGGAGGATTCTCCGTAGATAACGCAACCCTAACGCGATTCTTCGCCTTCCA
R B A B B O G B B O A G A B A B G N G A B A B G A G A A B G A G A N e A N N N N N N N NS
TCTTGTCTGCAGTCCCATATATTGGCGACTCTTTAGTGCAATGAATCTGAGGCGGCTTCTCCGTCGATAACGCCACCCTCACACGATTCTTCGCCTTCCA
TCTTGTCTGCAGTCCCATATATTGGCGACTCTTTAGTGCAATGAATCTGAGGCGGCTTCTCCGTCGATAACGCCACCCTCACACGATTCTTCGCCTTCCA
TCCTATCCGCAATTCCTTATGTAGGGGACTCCCTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGACAACGCCACCCTAACGCGATTCTTTGCTTTCCA
TCCTATCCGCAATTCCTTATGTAGGGGACTCCCTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGACAACGCCACCCTAACGCGATTCTTTGCTTTCCA
TCTTATCCGCAATTCCTTATGTGGGAGACTCCCTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGACAACGCCACCCTAACGCGATTCTTTGCTTTCCA
TCCTGTCGGCAATTCCCTATGTAGGAGACTCCTTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGATAACGCCACCCTAACGCGGTTTTTTGCTTTCCA
TCCTGTCGGCAATTCCCTATGTAGGAGACTCCTTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGATAACGCCACCCTAACGCGGTTCTTTGCTTTCCA
TCTTATCCGCAATTCCTTATGTGGGAGACTCCCTAGTTCAATGGATCTGAGGCGGCTTCTCTGTTGACAACGCCACCCTAACGCGATTCTTTGCTTTCCA
TGTTATCCGCAATCCCTTACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGCTTTTCCATCGACAATGCCACTTTAACACGATTTTTTGCCTTTCA
TATTATCCGCAATCCCTTACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGCTTTTCCATCGACAACGCCACCCTAACACGATTTTTCGCCTTTCA
TATTATCCGCAATCCCCCACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGCTTTTCCATCGACAATGCCACTTTAACACGATTTTTCGCCTTTCA
TATTATCCGCAATCCCCTACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGATTTTCCATCGACAATGCCACTTTAACACGATTTTTTGCCTTTCA
TATTATCCGCAATCCCCTACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGATTTTCCATCGACAATGCCACTTTAACACGATTTTTTGCCTTTCA
TGTTATCCGCAATCCCTTACATTGGAAACTCTTTAGTTCAATGAATTTGAGGAGGTTTTTCCATCGACAATGCCACTTTAACACGATTCTTTGCCTTTCA

1001 1100
TTTCCTTCTCCCATTTGCAGTTGTCGCAGCCACAGCCCTCCATGCCCTTTTTCTTCATGAAACCGGATCAAACAACCCTATTGGACTAAACTCGGACGCA

22 2 272 272 2 22 2 272 272 2 2 272 272 2

CTTCCTACTTCCATTCGCAATCGTCGCCGCCACCCTCCTCCACGCCCTCTTCCTTCACGAAACAGGCTCGAACAACCCCCTAGGGTTAAACTCAGACGCG
CTTCCTACTACCTTTTACAATCGTCGCAGCCACAGCCCTCCACGCCCTATTCCTTCACGAAACAGGATCAAATAACCCAGCAGGGTTAAATTCAGACGCG
TTTCCTTCTCCCTTTCGCAATCATTGCAGCCACAGCCTTACACGCCCTATTTCTTCACGAAACAGGCTCCAACAACCCCACAGGCCTAAACTCAGACGCA
R B B A R B B N B A B O A B B A G A B G G A B A G A B A A B G A G A A N N N N N N N NS
CTTTCTACTGCCATTCGCAATCGTAGCAGCAACCGGATCACATGCCCTATTTCTTCACGAAACAGGCTCAAATAACCCAGTCGGACTAAACTCAGACGCA
CTTTCTTCTACCATTCGTAGTTGTAGCAGCAACTCTCCTACACGCCTTGTTTCTTCATGAAACAGGCTCAAATAACCCAGCCGGCCTGAACTCAGACGCT
TTTTATTTTACCATTTTTAATCGTCGCAGCTACTGCAGTTCATGCCCTCTTCCTACACGAAACAGGATCGAACAACCCAACGGGGCTAAACTCAGACGCA
CTTTATCTTACCGTTTTTAATCGTCGCAGCTACTGCAGTTCATGCCCTCTTCCTGCACGAAACAGGGTCCAACAACCCAACGGGATTAAACTCAGACGCA
CTTTATTTTACCGTTTTTAATCGTCGCAGCTACTGCAGTTCATGCCCTCTTCCTGCACGAAACAGGGTCGAACAACCCAACAGGATTAAACTCAGACGCA
CTTCATTTTACCCTTCCTTATCGTAGCAGCCACTGCCGTACACGCCCTTTTCCTTCATGAAACAGGATCCAATAACCCAGCCGGACTAAATTCAGACGCA
CTTCCTTCTCCCATTTGCAATTGTTGCAGCCACAGCACTCCACGCCCTTTTCCTACATGAAACAGGCTCAAATAACCCAGTCGGTTTAAACTCCGACGCA
R R e A A e R A A A A A A A B e G A e A A e A A e S A R G A A e S A e B e A A e B A A A A A A A e A A e A A e A e e i i e A A e e S
CTTTCTTCTCCCATTTACAATTATCGCAGCCACCGCTCTTCATGCTCTCTTCCTTCACGAAACAGGCTCCAATAACCCAATAGGCCTAAACTCCGACGCA
CTTCCTACTCCCCTTTGCAATTATCGCAGCCACAGCCCTTCACGCACTTTTCCTCCACGAGACTGGATCCAACAACCCCGCAGGCCTAAACTCTGACGCA
CTTCCTACTCCCCTTTACAATTGTAGCAGCCACCCTCCTTCACGCCCTCTTCCTCCATGAAACAGGCTCCAACAACCCAACCGGGATTAGCTCCGACGCA
CTTCCTCCTTCCCTTCGCCATCGTCGCAGCTACAGCCCTCCACGCCCTATTCCTCCATGAAACCGGCTCCAACAACCCCCTAGGACTAAACTCAGACGCA
CTTCCTTTTACCTTTCGCAGTAGTCGCCGCCACAGCACTTCACGCCCTCTTCCTCCATGAAACAGGATCTAACAACCCCATTGGAATTAACTCGGACGCA
CTTCCTACTCCCATTCGCAATCATTGCAGCCACGGCCCTACATGCCCTCTTCCTCCACGAAACAGGCTCCAACAATCCCGTAGGACTAAACTCAGACGCA
TTTCCTTCTACCATTCATTATTGTAGCAATAACCCTTATGCACGCCCTCTTCCTCCATGAAACTGGTTCTAATAACCCAGCCGGGTT CTCAGACATA
CTTCCTTCTCCCATTCGCTATTGTAGCCGCCACTATTCTCCATGCCCTTTTTCTTCATGAAACAGGTTCAAACAATCCAGCTGGATTAAATTCTGATGCG
CTTTCTACTCCCATTTACAATTGTAGCAGCCACTGCCGCCCACGCCCTATTTCTTCACGAAACCGGCTCTAACAACCCAGCGGGCTT CTCGAATGCC
CTTCCTCCTACCTTTTGCAATTGTAGCAGCAACCGGCTCACACGCCCTATTCCTCCACGAAACAGGCTCAAACAACCCAATCGGCCTAAACTCAGACGCA
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CTTCCTTCTACCATTTGCTATTGTAGCAGCAACCATTCTACACGCCCTTTTCCTTCATGAAACAGGCTCAAACAACCCAGCAGGATTAAACTCAGACGCC
CTTCCTTCTACCCTTCGCAATTGTAGCAGCAACCATTCTTCATGCCCTATTCCTACACGARACAGGCTCARATAACCCAGCCGGCTTAAACTCAGACGCC
CTTTCTTCTACCATTCGCAATTGTAGCAGCAACCATTCTACACGCCCTTTTTCTTCATGAGACAGGCTCAAATAACCCAGCGGGRCTAAACTCAGATGCT
CTTCCTTCTTCCCTTTACAATTGTCGCAGCAACCCTCATACATGCTTTATTTTTACACGARACAGGCTCAAATAACCCAATCGGTCTAAGCTCAGATACG
CTTCCTCCTTCCCTTTGCCATCGTAGCAGCAACTGCCCTACACGCCCTCTTCCTCCACGARACAGGATCAAATAACCCAATTGGCCTAAACTCCGATGCA
222722222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222272
CTTCCTATTCCCATTCGTTATTGTAGCAGCAACTATTTTACATGCCCTGTTCCTACACGARACCGGCTCAAATAACCCAACCGGTATTAACTCAGACGCA
222722222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222272
CTTTCTACTTCCATTTATTATTGTAGCAGCAACTATTCTACACGCCCTCTTCCTTCACGARACAGGCTCAAATAACCCAACCGGCATCAACTCAGACGCA
YTTCCTCCTTCCATTTACAATCATCGCAGCCACCATTCTCCACGCCCTATTTCTCCACGARACGGGCTCCAACAACCCAATAGGTTTAAACTCAGATGCA
TTTCCTCCTCCCATTTACAATTATTGCAGCCACCGCCCTTCACGCCCTATTCCTCCACGAAACAGGCTCCAACAACCCAGTAGGCTTAAACTCAGACGCA
CTTCCTTCTACCCTTCGCAATCGTAGCAGCCACCGCCCTACATGCCCTGTTTCTCCATGARACAGGCTCCAATAACCCCATCGGATTAAACTCAGATGCA
CTTCTTACTTCCATTCGCAATTGTGGCCGCCACTGCCCTCCACGCCTTATTCCTCCATGAGACAGGCTCCAACAACCCCATCGGGCTAAACTCAGACGCA
CTTCCTTCTCCCCTTTGCAATTGTAGCTGCTACTGCCCTCCATGCCCTTTTCCTTCATGARACAGGCTCTAACAACCCTATTGGATTAAACTCCGATGCG
CTTCCTTCTTCCTTTCGCAATCGTAGCTGCTACCGCCCTTCACGCCCTATTTCTCCATGARACAGGCTCCAATAACCCCATCGGCTTAAACTCCGACGCA
CTTCCTCCTTCCCTTTGCCATTGTAGCTGCAACAGCCTTACACGCCCTATTCCTTCACGAAACAGGGTCTAACAACCCAATCGGATTAAACTCCGACGCA
CTTCCTCCTTCCCTTCGCTATTATTGCAGCTACAGCTATCCACGCCCTATTCCTCCACGARACCGGCTCCAACAACCCCCTAGGACTAAACTCAGATGCA
CTTCCTCCTACCATTCACCATTGTAGGCGCCACAGCCCTACACGCCCTGTTCCTACACGAAACAGGGTCCAATAACCCAACAGGACTTAACTCTGACGCA
CTTCCTCCTCCCATTCGCCATTGTAGCAGCAACAGCCCTACATGCCCTATTCCTACATGARACAGGCTCTAATAATCCCATCGGCCTAAACTCAGACGCC
CTTCCTTCTCCCATTTACAATCGTTGCAGCAACCGCTGTTCACGCCCTCTTCCTCCATGARACTGGCTCTAACAACCCAGCCGGCTTAAATTCARATGCC
CTTCCTGTTACCATTCGTAATTGTGGCAGCAACACTGCTACACGCCCTTTTCCTCCACGAAACAGGCTCAAACAACCCAATTGGACTAAACTCAGACGCA
CTTCCTACTACCATTCGTAATTGTAGCAGCAACATTGCTACACGCTCTTTTCCTCCACGARACGGGGTCAAACAACCCAATCGGACTAAACTCAGACGCA
22272222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222227
CTTTCTTCTTCCTTTTACCATTGTAGCAGCAACAGCACTTCACGCCCTATTTTTACACGAGACCGGCTCAAACAACCCCGCCGGACTAAACTCCGATGCA
CTTTCTTCTTCCTTTTACCATTGTAGCAGCAACAGCACTTCACGCCCTATTTTTACACGAGACCGGCTCAAACAACCCCGCCGGACTAAACTCCGATGCA
CTTCCTCCTACCCTTCATTATTGTAGCGGCAACTGTTCTTCACGCTCTCTTCCTCCACGAAACAGGTTCAAACAACCCCACCGGATTAAACTCAGACGCA
CTTCCTCCTACCCTTCATTATTGTAGCGGCAACTGTTCTTCACGCTCTCTTCCTCCACGARACAGGTTCAAACAACCCCACCGGATTAAACTCAGACGCA
CTTCCTCCTACCCTTCATTATTGTAGCAGCAACTGTTCTTCATGCTCTCTTCCTCCACGAAACAGGTTCAAACAACCCCACCGGGTTAAACTCAGACGCA
CTTCCTCCTGCCATTTATTATTGTGGCGGCAACTGTTCTTCATGCTCTCTTTTTACATGARACAGGTTCAAACARACCAATCGGACTGAACTCAGACGCA
CTTCCTCCTGCCATTTATTATTGTGGCGGCAACTGTTCTTCATGCTCTCT TCCTACACGARACAGGTTCAAACAACCCAATCGGACTAAACTCAGACGCA
CTTCCTCCTACCCTTCATTATTGTGGCAGCAACTGTTCTTCATGCTCTCTTCCTCCACGAAACAGGTTCAAACAACCCCACCGGGTTAAACTCAGACGCA
CTTTTTACTTCCATTCATTATTGTAGCAGCAACCATTATTCACGCTTTATTCCTTCACGARACAGGATCAAACAACCCCATTGGCCTAAATTCAGATATA
CTTCCTACTTCCATTCATTATTGTAGCAGCAACCGTTCTTCATGCTTTATTTCTTCACGAAACAGGATCAAACAACCCCATTGGGTTAAACTCAGATATA
CTTTTTACTTCCATTTATTATTGTAGCAGCAACCATCCTTCATGCTTTATTTCTTCACGARACAGGATCAAACAACCCCATTGGGCTAAATTCAGATATA
CTTTTTACTTCCATTTATTATTGTAGCAGCAACCATCCTTCATGCTTTATTTCTTCACGARACAGGATCAAACAACCCCATTGGCCTAAATTCAGATATA
CTTTTTACTTCCATTTATTATTGTAGCAGCAACCATCCTTCATGCTTTATTTCTTCACGAAACAGGATCAAACAACCCCATTGGGCTAAATTCAGATATA
CTTTTTACTTCCATTCATTATTGTAGCAGCAACCATTATTCACGCTTTATTCCTTCACGARACAGGATCAAACAACCCCATTGGCCTAAATTCAGATATA
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GACARAATTTCATTCCACCCATACTTCTCATATAAGGACCTCTTAGGTTTCATCGTCCTTCTTACAGCTTTAACATCATTAGCCCTATTTTCCCCCAACC
2227222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222?2
GACARAATCCCATTCCACCCATACTTCTCCTACAAAGACCTACTTGGCTTCATAGTTCTACTGGCAGCTCTTACAGCACTAGCCCTTTTCTCCCCARATC
GACAAAATTTCTTTCCACCCCTATTTCTCCTACAAAGATCTCCTAGGTTTCGTAGTTCTCCTAACGGCCCTGACATCATTAGCTCTGTTCTCCCCCAACC
GACARAATCCCATTCCACCCCTACTTCTCCTACAAAGACCTCCTAGGGTTCATTATTCTCCTCATAGCCTTAGCATCACTAGCCCTGTTCTCCCCARACC
GACARAATCTCATTCCACCCATACTTCTCCTACAAAGACTTACTAGGCTTTGTAATCCTTATTATAGCCCTAGCATCGCTAGCCCTATTTTCCCCCAACC
2727222222222227222222222222222222222222222220222722222222222222222222222222222222222222222222222222
GACARAATTTCATTCCACCCCTACTTCTCATACAAAGACATTCTAGGATTTGTTATTCTACTAATAGCGCTAGTATCACTAGCCCTATTTTCCCCARACC
GACAAAATCTCATTCCACCCATACTTCTCATACAAAGACCTACTAGGATTCGCAATCATAATTACAGCCCTTGCTATACTGGCCTTATTTTCCCC. CC
GATARAATCTCCTTCCACCCTTACTTTTCCTACAAAGACCTTCTTGGCTTCCTAATTCTTCTCACCGCACTAGGAGCCCTAGCCTTATTTAACCCARACC

GATAAAATCTCCTTCCACCCTTACTTTTCTTACAAAGACCTCCTTGGCTTCCTAATTCTTCTTACCGCACTGGGAGCCCTGGCCTTATTTAACCCAAATC
GACAAAATCTCATTTCACCCCTATTTTTCATACAAAGACCTCCTTGGGTTCCTAATTCTCCTCACCACACTTGGATCACTAGCCCTATTTTCCCCCAACC
GACAAAATTTCCTTTCACCCCTATTTCTCTTACAAAGACATCCTTGGTTTCATCCTACTTCTTCTAGCTCTCACTTCCTTAGCACTTTTCTCCCCGAATC
R R e A A e R A A S A A A A B e G B A A A e B A e S A R G A A e S A e B e A A e B A A A A A A A e A A e e A A e A A e e i i e A A e e S
GACAAAATCTCATTTCACCCCTACTTCTCATACAAAGACCTACTAGGCTTCGTAATTCTACTAATAACCTTAGCTTCACTTGCTTTATTTTCTCCAAACC
GACAAAATTTCCTTCCACCCCTACTTCTCCTACAAAGATCTTCTTGGCTTCGTAATTTTACTAGTAGCCCTGACATCCTTAGCCCTCTTTTCCCCCAACC
GACAAAATCCCATTCCACCCATACTTCTCCTACAAAGACCTTCTTGGCTTCGTCCTTCTTCTAACAGCCCTCACAGCTCTAGCCCTATTTGCACCCAACC
GACAAAATCCCTTTCCACCCCTACTTCTCTTACAAGGACCTTCTAGGATTCATCATCCTACTCACCGCCCTTGTAATACTAGCCCTCTTTTCCCCCAATC
GACAAAATTTCATTCCACCCCTACTTCTCCTACAAAGACCTCCTAGGATTCATTATTCTCCTATTTGCCCTAACATCCCTAGCCCTTTTCTCTCCCAACC
GACAAAATCTCCTTCCACCCTTACTTTTCCTATAAAGACCTGCTAGGATTCGTAATCCTCCTCATAGCCCTAACATCCCTAGCTCTATTTTCCCCCAACC
GATAAAATTCCCTTTCACCCCTACTTCTCTTATAAAGATCTCCTCGGATTTATGATTTTACTTTCTACCCTAGTATCACTAGCCTTGTTTTCCCCCAACC
GACAAAATTTCTTTCCACCCATACTTCTCTTACAAAGATCTTCTTGGCTTTGTAGTAATACTAACAGCACTCGCATCCCTTGCCCTATTTTCCCCCAATC
GACAAAATCTCATTTCACCCATACTTCTCCTATAAGGACATCCTAGGATTTATTGCACTATTAACAGGGCTGGCATCGTTGGCCCTATTCTCCCC. TC
GACAAAATTTCGTTCCACCCCTACTTTTCATACAAAGACATCCTTGGGTTCGTAATCCTACTCATGGCCCTAGTATCTTTAGCCTTATTCTCTCCAAACC
GACAAAATTTCTTTCCACCCATATTTCTCCTACAAAGACCTTCTTGGATTTGTAGTGATACTAACAGCCCTCGCATCCCTAGCCCTATTCTCCCCAAACC
GACAAAATTTCCTTCCACCCATACTTCTCTTACAAGGACCTTCTAGGCTTTGTAGTRATATTAACAGCGCTGGCATCTCTAGCCCTATTCTCTCCTAATC
GATAAAATTTCTTTCCACCCATACTTTTCTTATAAAGACCTTCTTGGATTTGTAGTAATATTAACAGCACTTGCGTCCCTAGCCTTATTTTCCCCTAATC
GATAAAATTTCCTTCCACCCTTACTTCTCCTATAAAGACCTCCTTGGATTTATAATTATACTAATAGCACTAACATCCTTAGCCCTATTTTCCCCAAACC
GATAAAATCTCATTCCACCCATACTTTTCATATAAAGACCTTCTAGGATTTATTGCCCTTCTAACAGCACTTGCCTCCCTAGCCCTACTCTCCCCAAACC
222227 222227222222272222272222222222222222222222222222222222222222222222222222222222222222222222222°2

GACAAAATTTCTTTCCACCCCTACTTCTCATACAAAGACCTTCTTGGCTTCGTAGTAATACTTACAACACTGGCATCCCTAGCTCTATTTTCCCCGAACC
2227 2 2 ? 2 ?

2222272 22 ?

GACAAAATCTCGTTTCACCCATACTTCTCCTACAAAGATCTACTAGGCTTCGTAATTTTACTCATGACCTTAGCCTCCCTCGCCTTATTTTCCCCAARYC
GATAAAATCTCATTCCACCCCTATTTCTCGTACAAAGACCTATTAGGTTTCGTAATTTTACTAGTAACCCTAGCCTCTCTTGCCCTATTCTCCCCAAATC
GACAAAATTCCATTCCACCCCTACTTCTCCTATAAAGACATTCTGGGTTTCCTGATTCTCCTCACTGGCCTAACAACCCTAGCTCTATTTTCACCCAACC
GACAAAATTCCATTCCACCCATACTTCTCCTACAAAGACATCCTAGGCTTCCTAATTCTACTCACTGGGCTGACATCACTGGCGCTATTCTCCCCCAACC
GACAAAATCCCTTTCCACCCCTACTTCTCATATAAAGATATCTTGGGCTTTTTAATTCTTCTTACAGGCCTTACGTCTCTAGCCCTTTTCTCCCCCAACC
GACAAAATCCCATTCCATCCGTACTTCTCATATAAAGATATTTTAGGTTTTTTAATTCTCTTAACCGGCCTAACATCATTAGCCCTATTTTCACCCAACC
GATAAAATCCCATTCCACCCGTACTTCTCATACAAAGACCTACTTGGTTTCCTCCTACTATTAACAGCTCTTACATCCCTAGCATTATTTGCACCAAACC
GACAAAATCCCATTCCACCCCTACTTCTCCTACAAAGATCTCCTAGGATTCGCCATCCTACTTACCGCCCTCACAATACTAGCCCTCTTCTCCCCCAACC
GACAAAATCCCATTCCACCCCTACTTCTCAAACAAAGACCTATTAGGCTTCATCCTTTTACTGACAGCCCTCGCCTCCCTAGCTTTATTCTCACCGAACC
GATAAAATCCCATTTCACCCCTACTTCTCCTACAAAGACCTCCTAGGCTTTGTAATCTTACTAATTGCCCTAACATCCCTAGCCTTATTCTCACCTAACC
GACAAAATCTCCTTCCACCCATATTTCTCCTACAAAGACATTCTAGGGTTCATTGCACTCCTAACAGGACTAGCATCCCTAGCCCTATTCTCCCCCAACC
GATAAAATTTCATTCCACCCCTATTTCTCCTACAAAGACCTCCTAGGATTTATAGTATTAATTACAATACTAGCATCACTAGCATTATTTTCCCCCAACC
GATAAAATCTCATTCCACCCCTATTTTTCCTACAAAGACCTTTTAGGGTTTATAGTACTAATCACAATACTGGCATCACTAGCATTATTTTCCCCTAACC
A R e A A e S A A A A A e A B e G A e A A e B A e S A R G A A e A A e A A e A A e B A e e A A e A A e A e A e e A e e i i e A e e S
GATAAAATCTCCTTTCACCCGTACTACTCCTACAAAGACCTTTTAGGATTTATCCTCCTTCTAACAATACTCACAACCTTAGCTTTATTTGCCCCCAACC
GATAAAATCTCCTTTCACCCGTACTACTCCTACAAAGACCTTTTAGGATTTATCCTCCTTCTAACAATACTCACAACCTTAGCTTTATTTGCCCCCAACC
GACAAGATCTCCTTCCACCCATACTACTCATACAAAGAACTCCTGGGATTTGTTATTCTCCTCACTATACTTGCAACCCTAGCACTATTCTCTCCAAACT
GACAAGATCTCCTTCCACCCATACTACTCATACAAAGACCTCCTGGGATTTGTTATTCTCCTCACTATACTTGCAACCCTAGCACTATTCTCTCCAAACT
GACAAGATCTCCTTCCACCCATACTACTCATACAAAGACCTCCTGGGATTTGTTATTCTCCTCACTATACTTGCAACCCTAGCACTATTCTCTCCCAACT
GACAAAATCTCCTTCCACCCATATTATTCCTACAAAGACCTCCTGGGATTTGTTATTCTCCTCACCATACTTGCAACCCTAGCACTATTCTCCCCCAACC
GACAAAATCTCCTTCCACCCATATTACTCCTACAAAGACCTCCTGGGATTTGTTATTCTCCTCACTATACTTGCAACCCTAGCACTATTCTCCCCCAACT
GACAAGATCTCCTTCCACCCATACTACTCATACAAAGACCTCCTGGGATTTGTTATTCTCCTCACTATACTTGCAACCCTAGCACTATTCTCTCCCAACT
GACAAAATCCCTTTTCACCCTTACTATTCTTATAAAGACCTATTAGGATTTATTGTACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCACCTAATC
GATAAAATCCCCTTTCACCCATATTACTCATATAAAGATATACTAGGGTTTATCACACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCTCCAAACT
GACAAAATCCCTTTTCACCCTTACTATTCTTATAAAGGTCTATTAGGATTTATTGTACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCACCTAATC
GACAAAATCCCTTTTCACCCTTACTATTCTTATAAAGATCTATTAGGATTTATGGTACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCACCTAATC
GACAAAATCCCTTTTCACCCTTACTATTCTTATAAAGATCTATTAGGATTTATTGTACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCACCTAATC
GACAAAATCCCTTTTCACCCTTACTATTCTTATAAAGACCTATTAGGATTTATTGTACTTCTCACTTTACTTACTTCCCTAGCATTATTTTCACCTAATC

1201 1300
TCCTAGGAGACCCTGAAAATTTTACCCCTGCCAACCCCTTAGTCACCCCAACCCACATTAAACCGGAATGATACTTCCTATTCGCATATGCCATTCTTCG
R R e A A e R A A A A A A A B e G A e A A e A A e S A R G A B e S A e B e A A e B A A A A A A A e A A e A e A e e i A e A e e i)
TCCTAGGAGACCCTGATAACTTCACTCCAGCCAACCCCCTCGTTACACCCACACATATTAAACCAGAATGATACTTCCTATTCGCCTACGCTATTCTACG
TGCTAGGAGACCCAGAAAACTTCACCCCCGCCAACCCACTAGTCACACCCCCACACATCAAACCAGAGTGATACTTCTTATTTGCTTATGCCATCTTACG
TCCTGGGCGATCCAGAAAACTTCACCCCAGCAAACCCCCTCGTTACACCGCCCCACATCAAACCGGAATGGTATTTCCTGTTTGCCTACGCCATTCTACG
TCTTGGGGGACCCCGAAAACTTTACCCCCGCCAACCCCCTAGTCACACCCCCACACATCAAACCAGAGTGATACTTCCTATTTGCCTACGCCATTCTACG
A R e A A e S A A A A A A A B e G A e A A e A A e S A R G A A e S A e B e A A e B A A A A e A A e A e A e i e e i i e A e e i
TCTTAGGAGACCCAGAAAACTTTACCCCTGCTAACCCCTTAGTTACTCCCCCACACATTAAGCCAGAGTGGTACTTCCTATTTGCCTACGCCATCCTCCG
TCCTAGGTGACCCGGAAAACTTTACCCCAGCCAACCCACTCGTTACACCTCCACATATTAAGCCCGAATGATATTTCCTATTCGCCTACGCCATCCTCCG
TCCTAGGTGACCCCGACAACTTTACCCCCGCCAACCCAATAGTCACACCAACCCATATTAAACCTGAGTGATACTTCTTATTTGCCTACGCCATCTTGCG
2227 ? 272 2
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9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastriglés
23601Carnegiellamart16S
23602Carnegiellastriglés
17027Carnegiellastriglés
17030Carnegiellastriglé6s
22802Carnegiellavesca

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastriglé6s
23601Carnegiellamart16s
23602Carnegiellastrigl6s
17027Carnegiellastriglés
17030Carnegiellastriglé6s

TCCTGGGTGACCCCGATAACTTCACCCCCGCCAACCCGATAGTTACACCAACCCACATTAAACCTGAGTGGTACTTCTTATTTGCCTACGCCATCCTGCG
TTTTAGGCGACCCAGACAACTTCACCCCCGCCAATCCCATAATTACACCAACCCACATCAAGCCGGAATGATACTTCCTATTTGCTTATGCCATCTTACG
TCCTAGGAGACCCTGAAAACTTTACCCCCGCTAATCCTTTAGTTACACCACCCCACATTAAACCTGAGTGATATTTCTTATTTGCCTATGCCATTCTCCG
R R e B A e S A A A A e A B e G A e A A e A A e S A R G A A e A A e B e A A e A A A A A e A A e A e A e A e e i i e A e e i
TGCTCGGGGATCCTGAAAATTTTACTCCCGCCAACCCACTCGTCACACCACCACACATTAAACCCGAATGATACTTTCTATTTGCTTATGCTATCYTACG
TCTTAGGAGACCCAGAAAATTTTACCCCAGCCAATCCCTTAGTAACCCCGCCGCATATTAAACCTGAGTGATATTTCCTCTTTGCTTATGCCATTCTACG
TCCTAGGAGACCCAGAAAACTTCACCCCCGCTAACCCACTTGTTACTCCTCCCCATATTAAGCCCGAATGGTACTTCCTATTTGCCTATGCCATCCTACG
TGCTAGGAGACCCAGARAACTTCACCCCCGCCAACCCGCTCGTCACCCCTCCCCATATTARACCAGAATGATACTTTCTATTCGCCTACGCCATTCTTCG
TTCTAGGTGACCCAGAAAATTTTACTCCAGCTAATCCCCTAGTTACACCCACACATATTAAGCCAGAATGATACTTCCTTTTTGCCTACGCCATCTTACG
TCCTAGGAGACCCTGAAAACTTCACCCCCGCCAACCCCCTAGTCACACCCCCACACATCAAACCAGAATGATACTTCCTATTTGCCTACGCAATCCTACG
TTCTAGGGGACCCCGAAAACTTCACCCCCGCCAACCCCCTTGTTACACCCCCCCATATTAAACCCGAATGATATTTCCTATTTGCCTACGCTATTCTTCG
TTCTAGGCGACCCCGAAAATTTTACCCCCGCTAACCCGCTTGTCACCCCACCACATATTAAACCTGAGTGATACTTCCTATTCGCTTACGCCATCCTGCG
TCCTAGGGGACCCAGAAAACTTTACCCCTGCCAACCCCCTGGTCACACCACCCCATATTAAACCAGAATGATACTTCCTATTCGCCTATGCCATCCTTCG
TCCTAGGAGACCCAGAAAACTTCACCCCAGCCAACCCCCTAGTCACCCCTCCACATATTAAGCCCGAATGATACTTTTTATTTGCCTACGCCATTTTACG
TTCTAGGTGACCCAGAAAATTTTACCCCTGCTAACCCACTTGTTACACCCCCGCATATTAAACCTGAATGATACTTCCTATTTGCCTACGCCATCCTACG
TCCTAGGTGACCCTGAAAACTTCACCCCCGCCAACCCACTTGTTACGCCCCCGCATATTAAACCTGAATGATACTTCCTCTTYGCCTACGCTATCCTACG
TTCTAGGAGACCCTGAAAATTTTACCCCCGCCAACCCACTTGTTACACCCCCACATATTAAACCTGAATGATACTTCCTATTTGCCTATGCCATTCTACG
TTCTAGGAGACCCAGAAAACTTTACTCCCGCCAATCCACTTGTCACTCCTCCCCATATTAAACCAGAATGATACTTCTTGTTTGCCTACGCCATCCTACG
TCCTAGGAGACCCCGAAAATTTTACCCCAGCAAACCCCCTTTCAACGCCCCCACACATTAAACCAGAGTGGTACTTCCTATTTGCCTACGCTATCTTACG
R R e B A e R A A S A A A A B e G B e A A e B A e S A R G A R e S A e B e A A e B A A A A A A A e A A e A e e A e e i i e A e e S
TCTTAGGAGACCCAGAAAACTTTACCCCCGCCAACCCACTAGTTACGCCCCCACACATTAAACCTGAGTGATACTTCCTATTTGCCTATGCCATCCTACG
R R e B A e S A e A A A A A A e G A e A A e B A e S A R G A R e A R e B e A A e B A A A A e A A e A e A e A e e i i e A A e e S
TCTTAGGAGATCCAGAAAATTTTACCCCCGCCAACCCACTAGTTACACCCCCACACATTAAACCTGAATGATACTTCTTATTTGCCTACGCCATCCTACG
TTCTAGGGGATCCAGAAAACTTTACCCCCGCCAACCCACTCGTAACACCCCCACACATTAAACCAGAGTGGTACTTCCTGTTTGCCTATGCTATCCTACG
TGCTGGGGGACCCTGAAAACTTCACCCCTGCCAACCCGCTTGTCACACCACCACACATTAAACCAGAATGATACTTCCTATTTGCCTATGCAATCCTGCG
TTCTTGGGGATCCAGAAAATTTTACCCCCGCTAACCCCCTAGTCACCCCTCCCCATATTAAACCAGAATGATACTTCCTCTTCGCTTACGCAATCCTTCG
TTCTAGGGGACCCAGAGAATTTTACCCCTGCCAACCCATTAGTTACACCACCACATATCAAGCCAGAATGATATTTCCTATTCGCCTACGCAATCCTCCG
TCCTCGGAGACCCAGAAAATTTCACACCCGCTAACCCCCTAGTAACCCCGCCTCACATTAAACCAGAATGATATTTCCTCTTTGCYTATGCAATCCTCCG
TTCTTGGAGACCCGGAAAACTTTACCCCCGCCAACCCCCTGGTTACTCCGCCGCACATCAAACCAGAGTGATATTTCCTCTTTGCCTACGCAATCCTCCG
TACTAGGTGACCCAGAAAATTTTACCCCCGCCAATCCACTTGTTACACCCCCACACATTAAGCCAGAATGATACTTTTTATTTGCCTACGCTATCTTGCG
TGTTAGGAGACCCAGARAATTTCACCCCCGCCAACCCCCTTGTCACCCCTCCCCACATTARACCAGAATGATATTTCCTATTCGCCTACGCCATTCTCCG
TGCTAGGAGACCCAGAAAACTTTACCCCCGCTAATCCACTTGTCACCCCCCCTCATATCAAACCAGAATGATACTTCCTATTTGCCTACGCCATTTTACG
TCCTAGGGGACCCAGAAAACTTCACCCCCGCTAACCCACTTGTTACTCCACCACACATCAAACCAGAATGATACTTCCTATTCGCCTACGCCATCCTACG
TGTTAGGCGACCCAGAAAACTTCACCCCAGCTAACCCCCTAGTTACGCCGCCCCATATTAAACCCGAATGATACTTCTTATTTGCCTATGCTATCCTCCG
TT-TAGGGGACCCAGAAAACTTCACCCCTGCCAACCCGCTAGTTACTCCACCCCACATTAAACCTGAATGGTACTTCCTATTTGCATACGCAATCCTACG
TTGTAGGAGACCCAGAAAACTTCACCCCTGCCAATCCCATAGTTACTCCGCCCCACATTAAACCTGAATGATACTTCCTATTTGCGTACGCCATCCTACG
R R e A A e R A A S A A A A B e G A e A A e A A e S A R G A A e A e B e A A e B A A A A e A A e A e A e A e e i e e A e e S
TCCTGGGCGACCCAGAAAACTTTACCCCCGCCAACCCCCTAGTAACACCCCCACACATTAAGCCAGAATGATACTTCTTATTTGCATACGCCATCTTACG
TCCTGGGCGACCCAGAAAACTTTACCCCCGCCAACCCCCTAGTAACACCCCCACACATTAAGCCAGAATGATACTTCTTATTTGCATACGCCATCTTACG
TACTAGGAGACCCAGAAAACTTTACCCCAGCCAACCCCCTAGTCACCCCGCCGCATATTAAACCAGAATGATACTTCCTGTTTGCGTACGCCATTATTCG
TACTAGGAGACCCAGAAAACTTTACCCCAGCCAACCCCCTAGTCACCCCGCCGCATATTAAACCAGAATGATACTTCCTGTTTGCGTACGCCATTCTTCG
TACTAGGGGACCCGGAAAACTTTACCCCAGCCAACCCCCTAGTCACCCCACCACATATTAAACCAGAATGATACTTCCTGTTTGCGTACGCCATTCTTCG
TACTAGGGGACCCGGAGAACTTTACCCCAGCCAACCCCCTAGTTACCCCACCACATATTAAACCGGAGTGATACTTCCTGTTTGCATACGCCATTCTTCG
TACTAGGGGACCCGGAAAACTTTACCCCAGCCAACCCCCTAGTTACCCCACCACATATTAAACCGGAGTGATACTTCCTGTTTGCATACGCCATTCTTCG
TACTAGGGGACCCGGAAAACTTTACCCCAGCCAACCCCCTAGTCACCCCACCACATATTAAACCAGAATGATACTTCCTGTTTGCGTACGCCATTCTTCG
TTTTAGGAGACCCAGAAAACTTCACCCCAGCTAACCCTTTAGTAACCCCACCTCACATCAAACCAGAATGATACTTCTTATTTGCATACGCAATCTTACG
TACTAGGAGACCCAGAAAACTTTACACCCGCTAACCCCTTAGTCACTCCACCTCATATTAAACCAGAGTGATACTTCTTATTTGCATATGCTATCCTACG
TTTTAGGAGATCCAGAAAACTTTACCCCAGCTAACCCTTTAGTAACCCCACCTCATATTAAACCAGAGTGATACTTCTTATTTGCATACGCAATCTTACG
TTTTAGGAGATCCAGAAAACTTTACCCCAGCTAACCCTTTAGTAACCCCACCTCATATTAAACCAGAGTGATACTTCTTATTTGCATACGCAATCTTACG
TTTTAGGAGATCCAGAAAACTTTACCCCAGCTAACCCTTTAGTAACCCCACCTCATATTAAACCAGAGTGATACTTCTTATTTGCATACGCAATCTTACG
TTTTAGGAGACCCAGAAAACTTCACCCCAGCTAACCCTTTAGTAACCCCACCTCACATCAAACCAGAATGATACTTCTTATTTGCATACGCAATCTTACG

1301 1400
ATCAATTCCTAATAAACTAGGAGGCGTTTTAGCCCTATTATTTTCAATCCTAGTATTCATGTTAGTTCCCCTCCTCCACACCTCAAAACAACAAGGACTT
2227 ? 272 2
ATCAATTCCTAACAAACTAGGCGGAGTACTAGCCCTCCTCTTCTCAATCCTAGTTCTTCTACTAGTCCCTCTACTACACACCTCTAAACAACARAGGACTT
ATCAATTCCCAACAAACTAGGAGGCGTACTCGCCCTACTCTTTTCAATCCTTGTACTCATACTAGTTCCCATACTACACACCTCCAAGCAGCGAGGCCTC
ATCCATCCCCAATARACTAGGAGGAGTCCTTGCCCTATTATTCTCAATCCTCGTACTAATACTAGTACCACTCCTCCACACATCAARACAACAAGGACTG
ATCAATCCCCAACAAACTAGGAGGTGTCCTCGCCTTACTATTCTCTATCCTCGTCCTTATACTAGTCCCACTACTACACACCTCCAAACAACAAGGACTC
R R e A A e S A A A A A A A e G B e A A e B A e S A R G A R e A R e B e A A e B A A A A e A A e A e A e A e e i i e A A e e S
ATCAATTCCAAACARAACTAGGAGGAGTCCTAGCCCTACTATTCTCAATCCTCATCCTTATATTAGTTCCAATATTGCACACCTCARAARCAARARAGCCCTT
ATCTATTCCAAACAAATTAGGAGGAGTACTAGCACTACTATTTTCAATTCTTGTCCTCGTCCTAGTCCCCGTACTTCACACATCAAAACAACAAGGCCTA
ATCAATTCCAAATAAACTAGGGGGAGTCTTAGCTTTATTATTCTCAATCCTCATCCTCATACTTGTACCAATACTACACACATCCAAGCAACAGGGCCTT
R R e A A e S A A A A A A A B e G B e A A e B A e S A R G A R e S A e B e B A e B A A A A e A A e A e A e A e e i i e A e e S
ATCAATTCCAAATAAACTAGGGGGAGTCTTAGCTTTATTATTCTCAATCCTCATCCTCATACTCGTGCCACTATTACATACATCCAAACAACAGGGCCTT
ATCCGTCCCAAATAAGTTAGGAGGAGTGCTGGCTCTACTAGCTTCAATTCTCATCCTTATATTAGTTCCAATACTACACACATCTAAACAACARAGGCCTC
CTCCATCCCAAACAAACTAGGAGGTGTACTAGCCCTGCTATTTTCTATCCTGATTCTCATACTTGTCCCTCTCCTGCACACATCAAAACAACAAGCACTC
R B A B B O B B A B B R B G R B A A e G G O A B A A A B A A B G A G A A A N N N N NS
CTCCATCCCAAATAAGCTAGGAGGAGTATTAGCACTTTTATTCTCTATTCTTGTACTRATGCTGGTCCCCCTCCTCCACACATCTAAACAACAAGGACTC
GTCCATCCCCAATAAACTAGGAGGAGTCCTAGCCTTACTATTCTCCATTATAGTCCTTTTCCTAGTCCCCCTCCTACACACCTCCAAACAACAAGGCCTA
ATCCATCCCTAACARACTAGGCGGAGTCCTTGCCCTCCTCTTCTCAATTCTAARTCCTTATACTCTCCCCCTTACTTCACACATCCARACAACGAGCCCTG
ATCAATCCCAAATAAACTAGGCGGCGTACTAGCACTACTATTCTCAATCCTAGTCCTAATACTCGTTCCCCTCCTCCACACTTCAAAACAACAAGGCCTA
ATCAATTCCTAACAAACTAGGAGGAGTTTTAGCCTTACTTTTCTCTATTCTTGTTCTAATATTAGTCCCCCTCCTCCACACCTCARAACAACARGGACTT
ATCAATCCCCAACAAGCTAGGAGGCGTCCTCGCCCTACTATTCTCAATCCTCATTCTCATACTAGTCCCCATATTACATACCTCCAAACAACAAGGGCTC
ATCTATTCCAAATAAACTTGGAGGAGTACTAGCCCTCTTATTTTCTATTCTTATCCTCATATTAGTACCTCTACTTCACACATCAAAACAACAAGGCCTT
ATCCATCCCTAATARATTAGGCGGAGTTCTGGCATTACTGTTCTCCATTCTAGTGCTCATACTAGTTCCACTCCTCCATACATCAARACAACGAGGTCTA
ATCTATCCCGAACAAATTGGGAGGGGTCCTAGCCCTACTATTTTCTATTCTAGTACTAATACTAGTTCCCCTTCTACACACCTCAARACAACGAGGCCTT
ATCCATTCCAARACARACTAGGAGGAGTATTAGCCCTACTATTTTCAATTCTCATCCTTATATTAATCCCAATACTACACACTTCAAAGCAACGAGCCCTA
ATCCATTCCTAACAAACTAGGCGGAGTCCTAGCACTACTATTCTCCATCCTAGTTCTTATACTAGTCCCCTTACTCCACACATCAAAACAACAAGGTCTA
ATCCATCCCTAACAAACTAGGAGGAGTTCTGGCACTTTTATTTTCTATCCTAGTGCTTATGCTAGTTCCACTACTCCACACATCAAAACAACGAGGATTA
ATCAATTCCTAATARACTAGGTGGAGTTCTAGCATTATTATTTTCTATTCTTGTTCTAATACTAGTTCCCCTACTTCACACATCAARACAACAAGGACTA
ATCTATTCCAAACAAACTAGGAGGGGTATTAGCCCTATTATTCTCAATTTTAGTACTTATACTAGTACCTCTCCTACACACATCTARACTTCAAGGCCTA
CTCTATCCCAAACAAACTCGGAGGAGTCCTGGCCTTGCTATTTTCAATCCTTGTCCTCCTCCTAGTCCCCCTTCTCCACACCTCTAAACAACAAAGCCTA
e R i A A e S A A A A A e A B e G A e A A e A A e S A A G A R e A R e B A e A A e S A A e A A e A A e A e A e e A e e i i e A e e i)
ATCTATTCCAAACAAACTAGGGGGAGTACTAGCACTCCTATTTTCTATTCTAGTCCTTATACTTGTTCCCCTTCTTCACACATCCAAACAACAAGGCCTC
R B B A B B B B B O A B A G A A B G G O A A A B A G A B G A G A A A N N N N N N N NS
GTCCATCCCAAATAAACTAGGGGGAGTCCTAGCACTTCTATTCTCCATCCTAGTTCTAATACTTGTTCCCCTACTCCACACGTCCAAACAACAAGGCCTA
GTCTATTCCAAATAAACTTGGCGGTGTATTAGCACTCTTATTCTCCATCCTCGTACTAATACTAGTCCCCCTTCTCCACACGTCCAAGCAGCAAGGCCTC
ATCTATCCCAAATAAGCTAGGAGGAGTGTTAGCACTTCTTTTCTCTATTCTAGTATTAATACTAGTCCCTCTCCTTCACACATCCAAACAACAAGGACTT
CTCCATCCCAAATAAACTAGGAGGAGTTCTAGCCCTCCTTTTCTCAATCCTCGTTCTAATACTAGTCCCCCTCCTGCATACCTCAAAACAACGAGGACTC
CTCCATCCCAAATAAACTGGGCGGAGTTTTAGCACTTCTATTCTCAATTCTTGTACTTATACTAGTTCCTATCCTCCACACCTCAAAACAGCGAGCACTT
ATCTATTCCAAACAAACTTGGAGGAGTACTTGCCTTACTTTTCTCGATTCTCGTGTTAATACTTGTGCCTCTTCTACACACCTCAAAACAACGAGGACTC
ATCTATTCCAAACAAGCTT GGAGTCCTTGCCCTTCTCTTTTCCATTCTTGTGCTGATACTTGTTCCTCTATTACACACCTCAAAGCAACGAGGACTT
ATCAATTCCAAATAAACTAGGCGGAGTACTAGCATTACTATTTTCTATCCTCGTTCTAATACTAGTTCCACTCCTACACACATCAAAACAACAAGGACTC
ATCAATCCCAAACAAACTAGGCGGCGTACTAGCATTATTATTCTCAATCCTAGTCCTAATACTCGTCCCCCTACTCCATACCTCAAAACAACAAGGCCTA
ATCTATTCCAAACAAACTAGGCGGAGTACTTGCTCTACTATTTTCAATTCTCATCCTAATGCTGGTCCCCCTCCTGCACATATCARAACAACARAGGACTC
ATCCATCCCAAATAAACTCGGAGGAGTCCTAGCCCTACTATTCTCTATCCTTGTACTAATAATTGTACCCCTCCTACACACATCAAAACAACAAGGACTC
ATCCATTCCARACAAGCTAGGAGGAGTACTAGCCCTTCTATTCTCCATTTTAGTCCTGATATTAGTACCCCTACTTCACACTTCAARACAGCAAGGTCTA
ATCCATTCCAAACAAACTAGGAGGCGTCCTGGCCCTACTATTCTCAATCCTTATTCTAATGTTAGTTCCCATATTACATACCTCAAAACAACAAGGCCTC
ATCCATCCCAAACAAACTGGGAGGTGTCCTAGCTCTACTTTTCTCAATCCTTATTCTAATATTAGTTCCCATATTACACACCTCAAAACAACAAGGCCTC
R B B A B B B B A B O A B B A B A B G G O A G B A G A G A A B G A G A A e N N N N N N N N
ATCCATCCCCAATAAACTAGGCGGAGTACTAGCATTACTATTCTCCATCCTTGTACTAACTCTAATTCCCATATTACACACCTCCAAACAACAAGGACTC
ATCCATCCCCAATARACTAGGCGGAGTACTAGCATTACTATTCTCCATCCTTGTACTAACTCTAATTCCCATATTACACACCTCCAAACAACARAGGACTC
CTCCATTCCTAACAAACTAGGTGGAGTCTTAGCTCTACTATTTTCCATTATAGTTCTGATACTAATTCCCCTACTACACACATCTAAACGACAAGGACTC
CTCCATTCCTAACAAACTAGGTGGAGTCTTAGCTCTACTATTTTCCATTCTAGTTCTGATACTAATTCCCCTACTACACACATCTAAACAACAAGGACTC
CTCCATTCCTAACAAACTAGGTGGAGTCTTAGCTCTACTATTTTCCATTCTAGTTCTGATACTAATTCCCCTACTACACACGTCTAAACAACAAGGACTC
CTCTATCCCTAACAAACTAGGCGGAGTCTTAGCCCTGCTATTCTCTATTCTAGTTCTAATGCTAATTCCATTGCTACACACGTCTAAGCAGCGAGGACTC
CTCTATCCCTAACAAACTAGGCGGAGTCTTAGCCCTGCTATTCTCTATTCTAGTTCTAATGCTAATTCCATTGCTACACACGTCTAAGCAGCGAGGACTC
CTCCATTCCTAACAAACTAGGCGGAGTCTTAGCTCTACTATTTTCTATTCTAGTTCTGATACTAATTCCCCTACTACACACCTCTAAACAACAAGGACTC
ATCAATTCCTAATAAATTAGGAGGTGTTCTAGCCCTACTTTTTTCTATTTTAGTACTAATACTCATCCCTTTACTACATACCTCTAAACAACAAGGACTA
ATCAATCCCTAATAAACTAGGAGGCGTGCTAGCCTTGCTTTTTTCTATCTTAGTCCTAATACTAATTCCACTACTTCACACCTCARAACAACARAGGACTT
ATCAATTCCTAATAAATTAGGAGGTGTTTTAGCCCTACTTTTTTCTATTTTAGTACTAATACTCATCCCTTTACTTCACACCTCTAAACAACAAGGACTA
ATCAATTCCTAATARATTAGGAGGTGTTTTAGCCCTACTTTTTTCTATTTTAGTACTAATACTCATCCCTTTACTTCACACCTCTARACAACAAGGACTA
ATCAATTCCTAATAAATTAGGAGGTGTTTTAGCCCTACTTTTTTCTATTTTAGTACTAATACTCATCCCTTTACTTCACACCTCTAAACAACAAGGACTA
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22802Carnegiellavesca

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastriglé6s
23601Carnegiellamartl16s
23602Carnegiellastrigl6s
17027Carnegiellastriglés
17030Carnegiellastriglé6s
22802Carnegiellavesca

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis

ATCAATTCCTAATAAATTAGGAGGTGTCTTAGCCTTACTTTTTTCTATTTTAGTACTAATACTCATCCCTTTACTACATACCTCTAAACAACAAGGACTA

1401 1500
ACCTTCCGTCCCCTCACCCAATTCTTATTCTGAACCTTAGTCGCAGACGTACTAATTTTAACATGAATCGGAGGCATGCCAGTAGAAGMCCCCTTCATTA
A R e A A e S A A S A A A A A e G B e A A e B A e S A R e S A e S A e A A e A A e B A A e A A e A A e A e A e A e e i i e A e e
ACATTCCGCCCAATCACTCAATTCCTATTTTGAGCACTAGTAGCAGATGTAATAATCCTAACCTGAATCGGAGGAATGCCAGTAGAACACCCCTTCATCA
ACATTCCGCCCAGTCACCCAATTCCTATTTTGAGCCCTAGTTGCAGACGTGATTATCCTCACATGAATTGGTGGGATACCAGTAGAACACCCATTTATTA
ACATTCCGACCCCTCACCCAATTCTTATTTTGAACCCTTGTCGCCGACGTAATAATCCTAACATGAATCGGAGGGATACCCGTAGAACACCCATTCATCA
ACATTCCGTCCAATCACACAATTCCTATTCTGGACCCTGGTAGCAGACGTAATAATCCTAACATGAATTGGAGGAATACCAGTAGAACACCCATTTATTA
R R e A A e R A A S A A e A B e G B e A A e B A e B A R G S R e A R e B e A A e B A A A A e A A e A e A e A e e i i e e e i)
ACCTTCCGGCCCCTCTCGCAACTCCTATTTTGGGCACTAGTTGCAGACGTAGCAATTCTGACATGAATTGGAGGCATACCAGTAGAACACCCATTCATTA
ACCTTTCGACCTATTGCTCAACTCTTATTTTGAGCACTAATTGCAGACGTATTAATCTTAACATGAATTGGTGGAATACCCGTAGAACACCCTTTCATCA
ACATTCCGACCCCTATCCCAACTTCTATTCTGACTATTAGTAGCAGACGTGGCAATCCTCACATGGATCGGAGGCATACCTGCAGAACCCCCCTTTATCA
A R e A A e R A A A A A A A B e G B e A A e B A e S A R G S R e S R e B e A A e B A A e A A e A A e A e A e e A e e i i e A e e i
ACATTCCGACCCTTATCCCAACTCCTATTCTGACTATTAGTAGCAGACGTGGCAATCCTCACATGGATCGGAGGCATACCTGCAGAACCCCCCTTTATTA
ACATTCCGACCCATCTCCCAATTTTTATTTTGAGTATTGGTCGCAGACGTTGTGATCTTAACATGAATTGGAGGCATGCCTGCAGAACCCCCCTTTATCG
ACATTCCGACCATTTGCCCAAATTTTCTTCTGAATCCTTATTGCAGACGTCTTAATTCTAACATGAATCGGGGGAATGCCAGTAGAACACCCATTTATTA
2222222222222222222222222222022222222222220202222222222222222222222222222222222222222222222222222222
ACTTTCCGACCCCTCGCCCAATTTCTATTCTGAACCCTGGTTGCAGACGTAATAATCCTGACATGAATCGGCGGAATACCAGTAGAACACCCCTTTATTA
ACATTTCGACCCCTCACCCAATTCCTATTTTGAACCTTAGTTGCAGACGTTGCAATCCTAACATGAATTGGAGGAATACCAGTTGAACACCCCTTCGTCA
ACCTTCCGGCCCCTCTCCCAGTACTT-TTYTGAACACTAGTCGCAGACGTATTAATCCTAACATGAATTGGGGGAATACCAGTAGAACACCCCTTTATCA
ACCTACCGGCCGCTCGCCCAACTCCTATTTTGAACCCTAGTAGCAGACGTAGTAATCCTTACATGAATCGGAGGCCTCCCAGTAGAACACCCCTTTGTCA
ACGTTCCGCCCCATCGCCCAATTCCTATTTTGAGCTTTAGTCGCAGACGTCTTTATCCTAACATGAATCGGGGGAATACCAGTAGAAGCCCCATATATTA
ACATTCCGCCCAATCACACAATTCCTATTTTGGGCCCTAGTCGCAGACGTAATAATCCTAACGTGAATCGGAGGAATACCAGTAGAACACCCATTTATCA
ACATTTCGGCCCCTGACTCAATTCTTATTTTGAGTTCTAGTCGCAGATGTTTTAGTACTAACATGAATTGGAGGAATGCCAGTTGAACATCCTTTCATCA
ACCTACCGACCAATCGCCCAATTCCTATTTTGAACCCTAGTTGCAGACGTACTAATCTTAACATGAATTGGAGGAATACCTGTAGAACACCCTTTCATTA
ACATTCCGACCCCTCTTCCAAATCCTATTTTGAACACTAGTCGCAGATGTGTTTATCCTAACATGAATCGGAGGAATGCCAGTTGAACACCCATTCGTTA
ACTTTTCGGCCCCTATCACAATTTCTATTTTGAGTGCTAGTTGCAGACGTAGCAATTTTAACATGAATTGGAGGAATACCAGTAGAACACCCATTTATTA
ACCTACCGACCCATTGCCCAATTCCTATTTTGAACCTTAGTTGCAGACGTAATTATCTTAACATGAATTGGAGGAATACCCGTAGAACACCCATTTATTA
ACCTTCCGACCCATTGCCCARTTTCTATTCTGAACCCTGGTTGCAGATGTATTAATTTTAACATGAATTGGAGGAATACCTGTAGAACACCCTTTTATTA
ACATACCGACCCATCGCCCAATTCTTATTTTGAACATTAGTCGCAGACGTAATAATTTTAACATGAATTGGAGGTATACCTGTCGAACACCCCTTCGTCA
ACATTTCGACCTATCGCCCAATTTATATTCTGAACACTAGTTGCAGACGTAATAATCTTAACATGAATTGGAGGAATACCTGTAGAACACCCATTTATTA
ACATTTCGACCAATCGGCCAATTCCTATTCTGAGTCCTAGTGGCAGACGTCCTAATTCTAACCTGAATTGGTGGCATACCAGTAGAAGACCCATTCATCA
2227 2 ? 2 22 ? 2 ?

ACATTCCGACCCATTACTCAACTCTTATTCTGAATCCTAGTAGCAGACGTACTAATTCTTACATGAATTGGGGGTATACCCGTAGAACACCCTTTTATTA
ACCTTCCGACCCCTTGCCCAATTTCTATTCTGAACCCTGGTTGCAGACGTAATAATCTTAACATGAATTGGAGGTATACCAGTAGAACATCCCTTCATTA
ACTTTCCGCCCCCTCGCCCAATTCTTATTTTGAACACTAGTCGCAGACGTAATAATTCTAACATGAATTGGAGGCATACCAGTAGAACACCCCTTTATTA
ACCTTCCGCCCACTATCTCAACTTCTATTCTGAACCCTAATTGCAGACGTTGCTATCCTCACATGAATTGGAGGGATACCAGTAGAACACCCATTTATTA
ACCTTCCGCCCCTTATCCCAACTCCTATTTTGAACACTAATTGCAGATGTCGCAATTCTTACCTGAATTGGAGGAATACCAGTAGAACATCCATTCATTA
ACCTTTCGCCCCCTTTCCCAGTTTTTATTTTGAACACTAATTGCCGATGTCGCTATTCTTACCTGAATCGGAGGCATGCCAGTTGAACACCCCTTCATCA
ACTTTCCGCCCTCTCTCCCAACTTCTATTTTGAACCCTAATTGCAGACGTTGCCATTCTTACCTGAATCGGGGGCATACCAGTCGAACATCCCTTTATTA
ACCTTTCGCCCAATCTCTCAACTACTATTCTGAGCTTTAGTGGCAGACGTATTTATTCTAACATGAATCGGAGGTCTTCCAGTTGAACATCCTTTCATCA
ACCTACCGGCCCCTCGCCCAACTCTTATTTTGAGCCCTAGTAGCAGACGTAGCCATCCTTACATGAATCGGAGGCCTCCCAGTAGAACACCCCTTTGTTA
ACCTTTCGTCCTATATCCCAACTCCTCTTCTGGGCCCTAGTAATAGATGTGTTAATCTTAACATGAATCGGAGGACTTCCAGTCGAACACCCCTTCGTAA
ACCTTCCGCCCAATCACCCAAATCTTATTCTGAGTGCTCGTAGCAGACGTATTTATTTTAACATGAATCGGAGGTCTCCCAGTAGAACACCCCTTTATTA
GCCTTCCGGCCGCTTTTCCAAATTCTATTCTGAACACTAGTTGCAGACGTCATTATCTTAACATGAATCGGGGGTATACCAGTTGAACATCCGTTTGTTA
ACATTTCGACCAATTACCCAACTCCTGTTCTGGATTCTAGTCGCAGACGTGATAATTCTTACATGAATTGGAGGAATGCCAGTAGAACACCCATTTATTA
ACATTCCGACCAATTACCCAATTCCTATTTTGGGTTTTAGTTGCAGACGTGATAATTCTTACATGAATTGGGGGAATGCCAGTAGAACACCCATTTATTA
2222 22 2 272 2 272 2 22 2 272 22 2 272 2 22 2 2 2222272 272 2

ACATTTCGCCCTATCACACAGTTCTTATTCTGAGCATTAATCGCAGACGTCCTAATTCTCACATGGATCGGGGGAATGCCAGTCGAACATCCGTTTATCA
ACTTTCCGACCTATCACACAATTTTTATTCTGAACACTAATCGCAGACGTCCTAATCCTAACCTGGATTGGAGGCATGCCAGTAGAACACCCGTTCATTA
ACTTTCCGACCTATCACACAATTTTTATTCTGAACACTAATCGCAGACGTCCTAATCCTAACCTGGATTGGAGGCATGCCAGTAGAACACCCGTTCATTA
ACTTTCCGACCTATCACACAATTTTTATTCTGAACATTAATTGCAGACGTCCTAATCCTAACCTGGATTGGAGGTATACCAGTAGARCACCCGTTCATCA
ACCTTCCGACCTATCACACAATTTCTATTCTGAACACTAATTGCAGACGTCCTGATCTTAACCTGAATTGGAGGAATGCCAGTAGAACACCCCTTCATCA
ACCTTCCGACCTATCACACAATTTCTATTCTGAACACTAATTGCAGACGTCCTGATTCTAACCTGARTTGGAGGAATGCCAGTAGAACACCCCTTCATCA
ACTTTCCGACCTATCACACAATTTTTATTCTGAACACTAATTGCAGACGTCCTAATCCTAACCTGGATTGGAGGTATACCAGTAGAACACCCGTTCATCA
ACATTCCGACCAATTACACAATTTTTATTTTGAACTTTAATTGCAGATGTCTTGATTTTAACATGAATTGGAGGAATGCCTGTAGAACATCCATATATTA
ACATTCCGACCTATTACACAATTTTTATTTTGAACTCTCATTGCAGATGTCTTAATTCTAACATGAARTTGGAGGCATACCTGTTGAACACCCATATATTA

ACGTTCCGACCAATTACACAACTTTTATTTTGAACTTTAATTGCAGACGTCTTGATTTTAACATGAATT! TACCTGTAG. CCATATATTA
ACGTTCCGACCAATTACACAACTTTTATTTTGAACTTTAATTGCAGACGTCTTGATTTTAACATGAATTGGAG! TACCTGTAGAACACCCATATATTA
ACGTTCCGACCAATTACACAACTTTTATTTTGAACTTTAATTGCAGACGTCTTGATTTTAACATGAATT! TACCTGTAG. CCATATATTA

ACATTCCGACCAATTACACAATTTTTATTTTGAACTTTAATTGCAGATGTCTTGATTTTAACATGAATTGGAGGAATGCCTGTAGAACATCCATATATTA

1501 1600
TTATTGGCCAAGTCGCCTCCGTCCTCTACTTTGCACTCATCCTTGTTTTAAACCCCCTTGCAGGATGGCTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATCGGCCAAATCGCCTCAGTCCTTTACTTCATGCTACTCCTAATTCTTAATCCTCTAGCCGGATGACTAGAAAATAAAGTGCTGCCCCCAATCCTACA
TCATCGGACAAGTTGCATCTGCCCTCTACTTCGCATTTTTCCTAGTCTTAATTCCCCTAGCTGGTTGACTAGA?AACAAAGTGCTGCCCCCCATCCTACA
TTATCGGCCAAATCGCCTCAGTCCTATATTTCGCGCTGTTCCTCATCCTAATACCACTAACCGGATGACTGGAAAATAAAGTGCTGCCCCCCATCCTACA
TCATCGGCC. TCGCCTCCATCCTTTACTTCGCGCTATTCCTAATTTTTAATCCTCTGGCCGGTTGATTAGAAAACAAAGTGCTGCCCCCCATCCTACA
27272 27 ? 2?7 2?72 ? 27 ? 2?7 27 ? 27 2?2?2?GTGCTGCCCCCCATCCTACA
TCATCGGCCAAATTGCCTCCGTGCTATACTTCGCATTCTTCCTAATCCCTCAACCCCT? 27 ? 27 ?22?2GTGCTGCCCCCCATCCTGCA
TTATTGGTC. TTGCCTCCATCTTTTACTTTATAGTATTTCTTATTCTTAACCCGCTGGTTGGTCTTATAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TCATCGGCCAAGTCGCCTCAGCCCTTTATTTTACAATTTTCCTCATCCTTAACCCCCTAGCCGGATGATTCGAAAACAAGGTGCTGCCCCCCATCCTGCA
R B B G B B O B A B O A B G R B A B G G A B A B A G A A B G A G A A A N N N N N N NS
TCATCGGCCAAATCGCCTCCGCCCTTTATTTTACAATCTTCCTCATCCTCAACCCCCTAGCCGGATGATTCGAAAACAAAGTGCTGCCCCCCATCCTGCA
TCATCGGCCAAATCGCTTCCACCCTTTACTTCACGCTATTCCTCATCCTTAACCCCCTGGCCGGATGATTTGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATCGGACAAGCAGCCTCCATCCTATATTTCATAATTTTCCTTCTAGTCAACCCCCTTCTTGGTATACTAGAAAATAAAGTGCTGCCACCCATCCTGCA
TTATYGGGCAGATCGCYTCCGCCCTCTATTTCACACTATTTCTCGTATTAAACCCCATAATCGGCTGATTAGAAAATAAAGTGCTCCCCCCTATCCTGCA
TCATCGGCCAAGTCGCCTCAATCCTCTACTTCGCACTTTTCCTCATCATCAACCCCCTGGCCGGCTGATTAGAAAATAAAGTGCTGCCCCCCATCCTTCA

TCATCGGCCAAATCGCCTCCGCTATTTACTTCCTAATCTTCCTACTACTCAACCCCTTAACAGGCTGATTAGAAAACAAAGTGCTGCCGCCCATCCTGCA
TTATTGGCCAAATTGCCTCAATCCTATATTTTGCACTCATCTTAGTTTTTAACCCCCTGGCAGGGCTGCTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TCATCGGCC. TCGCCTCCATCCTGTACTTCGCACTGTTCCTAATCTTTAACCCCCTAGCCGGCTGATTGGAAAACAAAGTGCTGCCCCCCATCCTACA
TTATCGGCCAACTTGCCTCTATTCTTTATTTTTCACTTTTTCTTATCCTCAACCCCCTAGCCGGTTTAATAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGCCAAATCGCCTCCGTCCTTTACTTCGCAGTGTTCCTACTTCTCAGCCCGTTAGCTGGATGACTAGAAAACAAGGTGCTGCCCCCCATCCTGCA
TTATTGGCCAAGTGGCATCCGTCTTATACTTCGCACTATTCCTGATC??2?22222222727 ?? ? ?? ??2?GTGCTGCCCCCCATCCTCCA
TCATCGGCCAAATCGCTTCCGTCCTATACTTCGCACTCTTCTTAATCTTTAATCCCCTGGCCGGCTGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGCCAAGTTGCCTCCGTTCTCTATTTCGCAGTATTCCTAGTTTTAAGCCCATTAGCCGGCTGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGACAAGTCGCCTCCGTYCTTTACTTCGCAGTATTCCTGGTTCTTAGCCCCCTAGCCGGCTGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TCATCGGCCAAGTCGCCTCCGYCCTATATTTTGCAGTATTCCTTATCCTAAGTCCATTAGCCGGCTGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGACAAATTGCATCGGTCTTATATTTCGCAATCTTCCTTATCTTAAACCCACTAATTGGACTATTAGAAAATGACGTGCTGCCCCCCATCCTGCA
TCATCGGCCAAATCGCCTCCGTCCTTTATTTCGCCCTATTTTTAATTCTAAACCCCCTAGCCGGGCTAGTAGAGAACAAAGTGCTGCCCCCCATCTTGCA

TTATTGGCC. TCGCTTCCGTCCTTTACTTCGCAGTATTCCTTATCCTCAACCCTTTAGCCGGCTGAGCAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TCATTGGCCAAATTGCCTCCACTCTTTACTTCATAGTATTTCTTATCCTAAACCCCCTAGTAGGCCTATTAGAAAACAAAGTGCTGCCCCCGATCCTGCA
TTATTGGACAAATCGCTTCTATCCTCTACTTTATTTTATTTCTTATCTTAAACCCTATAATCGGCTGACTAGAAAATAAAGTGCTGCCCCCTATCCTGCA

TCATTGGACAAGTAGCCTCACTGCTTTACTTCACATTATTCCTCCTACTAAATCCACTAGTTGCCTGATACGAAAACAAGGTGCTGCCGCCCATCCTGCA
TTATTGGCCAGGTCGCTTCCGTTCTTTACTTCGCACTATTTCTTCTCCTTAACCCAGTAGCTGCCTGATACGAAAACAAAGTGCTGCCCCCAATCCTACA
TTATCGGCCAGGTCGCCTCCGTCCTTTACTTCGCCCTATTCCTCCTCCTCAACCCACTGGTTGCTTGATACGAAAA????GTGCTGCCCCCAATCCTACA
TTATTGGACAAATTGCATCAGTCATCTACTTCACAATTTTCCTACTACTAAACCCACTAGTAGCCTGATGAGAAAACAAAGTGCTGCCGCCCATCCTGCA
TTATCGGCCAAATCGCCTCCACCATCTACTTCCTAATCTTCCTACTGCTCAACCCCCTAACAGGCTGATTAGAAAACAAAGTGCTGCCCCCCATCCTGCA

TCATTGGCCAAATTGCATCAGCCATCTACTTCTTAATCTTCCTCCTACTCAACCCACTTGCAGGACTGTTAGAAAACAAAGTGCTGCCGCCCATCCTGCA
TTATTGGCCAAGTAGCGTCCGTTCTATATTTCGCACTGTTCCTGATCCTTAACCCCCTAGCCGGCTGACTAGAAAATAACGTGCTGCCGCCCATCCTCCA

2

27

2?2?2?GTGCTGCCCCCCATCCTGCA
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TCATCGGCCAAATCGCCTCCAGCCTTTACTTTGCACTCTTCCTCGTACTAAACCCTCTAGCCGGATGACTGGAAAACAAAGTGCTGCCCCCCATCCTACA
TCATCGGCC. TCGCCTCCAGCCTTTACTTTGCACTCTTCCTCGTACTAAACCCTCTAGCCGGATGACTGGAATACAAAGTGCTGCCCCCCATCCTACA
TTATTGGACAAGTCGCCTCAGCCCTATACTTCATATTATTCCTTGTTCTTAACCCCTTAGCCGGATGGCTAGAGCACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGACAAGTCGCCTCAGCCCTATACTTCATATTATTCCTTGTTCTTAACCCCTTAGCCGGATGGCTAGAGAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGACAAGTCGCCTCAGCCCTCTACTTTATATTATTCCTTGTTCTTAACCCCCTAGCCGGATGGCTGGAGAACAAAGTGCTGCCCCCCATCCTGC.
TTATTGGGCAAGTTGCCTCGGCCCTATACTTTATACTATTCCTTGTTCTAAACCCCCTAGCTGGATGGCTAGAGAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGGCAAGTTGCCTCGGCCCTATACTTTATACTATTCCTTGTTCTAAACCCCCTAGCTGGATGGCTAGAGAACAAAGTGCTGCCCCCCATCCTGCA

TTATTGGACAAATTGCTT-TTCACTGTATTTTTCATTATTTCTTATCCTCAACCCTCTAGCCGGATGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
TTATTGGACAAATTGCCTCCACTTTGTACTTTGCATTATTCCTTATCCTTAACCCTCTAGCCGGTTGATTGGARAATAAAA??
TTATTGGACAAATTGCTTCTTCACTGTATTTTACATTGTTTCTTATTCTCAACCCTCTAGCCGGATGACTAGAAAACAAA??
TTATTGGACAAATTGCTTCTTCACTGTATTTTACATTGTTTCTTATTCTCAACCCTCTAGCCGGATGACTCGARA?? 27
TTATTGGACAAATTGCTTCTTCACTGTATTTTACATTGTTTCTTATTCTCAACCCTCTAGCCGGATGACTAGAAAACAAA??
TTATTGGACAAATTGCTTCTTCACTGTATTTTGCATTATTTCTTATCCTCAACCCTCTAGCCGGATGACTAGAAAACAAAGTGCTGCCCCCCATCCTGCA
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GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACTTGCTGCCCCACCTGCCGAGGCCCCCTGGGTTCAATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACTTGCTGCCCCACCTGCAGAGGACCCCTGGGCTCCATCCGCAACTTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACTTGCAGAGGTCCCCTTGGCTCCATTCGCAACCTGGCCATG
GTGCCAGAGCGGCCATCTTGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATTCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGTCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGEGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGTCCTCTTGGGTCTATCCGCAATCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGEGCTCCATCCGCAACCTGGCCATG
27227222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222?2
GTGCCAGAGCGGCCATCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGEGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
ATGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAACTCACTTGCTGCCCCACCTGYAGAGGACCCCTGGGCTCTATTCGTAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGACCCAAGCTCACCTGCTGTCCTACCTGCAGAGGTCCTCTGGGCTCCATCCGTAATCTGGCCATG
GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGTCGTCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGCCGGCCARAGCTCACCTGCTGTCCCACGTGCAGAGGACCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATCCGTAACCTGGCTATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTGACCTGCTGCCC. CCTGCCGCGGCCCACTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATCCGCAATCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCTCTGGGCTCCATTCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACGTGCTGCCCCACCTGCAGGGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGTTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGEGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGTCCCCTTGGGTCCATCCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTGTGCAGCAACTGCCGGCCCARACTCACCTGCTGCCCAACCTGCAGGGGCCCCCTGGGCTCCATTCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGCTCCATTCGCAACCTGGCCATG
GTGCCAGAGTGGCCACCTGGTCTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGTCCCCTCGGGTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGTCCCCTCGGGTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGTCGTCCCAAGCTCACCTGCTGCCCCACCTGTAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGTCGTCCCAAGCTCACCTGCTGCCCCACCTGTAGAGGCCCTCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCARACTCACCTGCTGCCCCACCTGCAGGGGCCCCTTGGGCTCCATCCGTAACCTGGCCATG
GTGCCAGAGCGGACACCTGGTGTGCGGGAACTGCCGGCCCAAGCTGACGTGCTGCCCGACGTGCCGCGGCCCGCTGEGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGTGGCCACTTGGTGTGTAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGTTCAATCCGTAACCTGGCCATG
GTGCCAGAGTGGCCACTTGGTGTGTAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGAGGCCCCCTGGGTTCAATCCGTAACCTGGCCATG
GTGCCAGAGCGGACACCTGGTGTGCGGGAACTGCCGGCCCAAGCTGACGTGCTGCCCGACGTGCCGCGGTCCGCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTTTGCAGCAACTGCCGGCCCARACTCACCTGCTGCCCCACCTGCAGGGGCCCGCTGGGGTCCATCCGCAACCTGGCCATG
GTGCCAGAAYGGACACCTGGTGTGCGGGAACTGCCGGCCCAAGCTGACGTGCTGCCCGACGTGCCGCGGTCCGCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTGACCTGCTGCCC. CCTGCCGCGGCCCACTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGTTCCATCCGCAACCTGGCCATG
2727222222222727222222222222222222222222222220222722222222222222222222222222222222222222222222222222
ATGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
ATGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCCACCTGCAGGGGCCCCCTGGGCTCCATCCGCAACCTGGCCATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCC. CCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCTATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCAACCTGCAGAGGCCCCCTGGGCTCCATCCGCAACCTGGCTATG
GTGCCAGAACGACCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCC. CCTGCAGGGGTCCCCTGGGCTCCATCCGCAACCTGGTTATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCAACCTGCAGGGGTCCCCTGGGCTCCATCCGCAACCTGGCTATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCAACCTGCAGGGGTCCCCTGGGCTCCATCCGCAACCTGGTTATG

GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCARGCTCACCTGCTGCCCARCCTGCAGGGGTCCCCTGGGCTCCATCCGCARCCTGGCTATG
GTGCCAGAGCGGCCACCTGGTGTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCAACCTGCAGGGGTCCCCTGGGCTCCATCCGCAACCTGGCTATG

2727272727222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222222272

GTGCCAGAGCGGCCACCTGGTCTGCAGCAACTGCCGGCCCAAGCTCACCTGCTGCCCAACCTGCAGGGGCCCCCTGGGCTCCATCCGCAACCTGGCTATG
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GAGAAGGTAGCCAACTCAGTGCTGTTCCCCTGCAAGTATGCCTCGTCTGGCTGCGAGGTGACCCTGCCTCACACGGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTAGCCAACTCAGTGCTGTTCCCCTGCAAATATGCTTCATCTGGCTGCGAAGTGACCCTGCCTCATACGGACAAGGCAGAACACGAGGAGCTGT
GAGAAGGTAGCCAACTCAGTGCTGTTCCCCTGCAAATAYGCCTCGTCCGGCTGCGAGGTGACTCTGCCTCACACGGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTAGCCAACTCTGTGCTTTTCCCCTGCAAGTACGCCTCGTCTGGCTGCGAGGTGACCCTGCCT GGCAGAG TGT
GAAAAGGTAGCCAACTCAGTTCTGTTCCCCTGCAAGTATGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCAGAGCACGAGGAGCTAT
GAGAAGGTAGCCAACTCAGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTCCCTCACACGGACAAGGCGGAGCATGAGGAGCTGT
GAGAAGGTAGCTAACTCGGTGCTGTTCCCCTGCAAGTATGCGTCGTCCGGCTGCGAGGTGACCCTGCCTCACACGGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGTTGCGAGGTGACCCTGCCT GGCGGAG TGT
GAAAAGGTGGCCAACTCGGTCCTGTTCCCCTGCAAGTACGCCTCATCGGGCTGCGAGGTGACCCTGCCT GGCCGAGCA( TGT
GAGAAGGTGGCCAACTCCGTGCTCTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCGGAGCACGAGGAGCTGT
A R i A A e S A A A A A A A B e G B e A A e A A e S A R S A B e S A e B e B A e B A A A A e A A e A e A e e i e e i i e A e e S
GAGAAGGTGGCCAACTCCGTGCTCTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTGCTCTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT
GAGAAAGTCGCCAACTCAGTGCTGTTCCCCTGCAAGTATGCCTCATCCGGCTGCGAGGTCACCCTGCCT GGCAG. TGAG! TTGT
GAGAAAGTGGCCAATTCCGTGCTGTTTCCCTGCAAGTATGCCTCTTCTGGTTGCGAGGTCACCCTGCCTCACACGGACAAGGCGGAGCACGAGGAGCTAT
GAGAAAGTAGCCAACTCTGTGCTGTTCCCCTGCAAATATGCCTCGTCTGGCTGCGAGGTGACCCTGCCT GGCAGAG TGT
GAGAAAGTCGCCAACTCTGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACGGACAAAGCAGAGCACGAGGAGCTGT
GAGAAAGTAGCCAACTCTGTGCTGTTTCCCTGCAAGTATGCCTCGTCTGGGTGCGAGGTGACCCTTCCT GGCGGAGCAT! TTT
GAGAAGGTGGCCAACTCGGTGCTCTTCCCCTGCAAGTACGCCTCGTCGGGCTGCGAGGTGACGCTGCCGCACACGGACAAGACGGAGCACGAGGAGCTGT
GAGAAGGTAGCCAACTCAGTGCTGTTCCCCTGCAAGTATGCCTCGTCTGGCTGCGAGGTGACCCTGCCTCACACGGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTAGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTCACCCTCCCTCACACGGACAAGGCAGAGCATGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTCCTGTTCCCCTGCAAGTACGCCTCATCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCCGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACC? TGCCT GGCAGAG TGT
GAGAAGGTGGCCAACTCTGTGCTGTTTCCCTGCAAGTACGCCTCRTCTGGCTGCGAGGTGACCCTGCCT GGCAGAG TGT
GAGAAGGTGGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCTGTCCTGTTTCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT GGCAGAG TGT
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCG
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTATGCCTCGTCAGGCTGCGAGGTGACCCTGCCT GGCCGAGCA( T
GAGAAGGTCGCCAACTCTGTGCTGTTCCCCTGCAAGTATGCCTCGTCTGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCAGAGCACGAGGAGCTGT
GAGAAGGTGGCCAATTCGGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT GGCCGAGCA( TGT
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCGTCGGGCTGCGAGGTGACCCTGCCGCACACAGACAAGGCCGAGCACGAGGAGCTTT
GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT GGCAGAG TGT
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GAGAAGGTGGCCAACTCTGTCCTGTTCCCCTGCAAGTACGCCTCATCGGGCTGCGAGGTGACCCTGCCCCACACAGACAAGGCCGAGCACGAGGAGCTTT
GAGAAAGTAGCCAACTCTGTGCTGTTCCCCTGCAAATATGCCTCGTCTGGCTGCGAGGTGACCCTGCCT GGCAGAG! TGT
GAGAAAGTAGCCAACTCTGTGCTGTTCCCCTGC. TATGCCTCGTCTGGCTGCG. GGTGALLLLuuuLLACACAGACAAGGCAGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTCCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT
GAGAAGGTGGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCGGCGTCGGGCTGCGAGGTGACGCTGCCGCACACCGACAAGGCCGAGCACGAGGAGCTGT
GAGAAAGTAGCCAACTCRGTGCTGTTTCCTTGCAAGTATGCCTCGTCCGGGTGCGAGGTGACCCTTCCTCACACAGACAAGGCGGAGCATGAGGAGCTGT
GAGAAAGTAGCCAACTCAGTTCTGTTTCCTTGCAAGTATGCCTCGTCCGGGTGCGAGGTGACCCTTCCT GGCAGAGCAT! TGT
GAGAAGGTGGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCGGCGTCGGGCTGCGAGGTGACGCTGCCGCACACCGACAAGGCCGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTGCTCTTCCCGTGCAAGTACGCCTCGTCGGGCTGCGAGGTCACCCTGCCCCACACGGACAAGACGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTGCTGTTCCCCTGCAAGTACGCGGCGTCGGGCTGCGAGGTGACGCTGCCGCACACCGACAAGGCCGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCGGTGCTCTTCCCCTGCAAGTACGCCTCGTCGGGCTGCGAGGTGACGCTGCCGCACACGGACAAGACGGAGCACGAGGAGCTGT
GAGAAGGTGGCCAACTCTGTGCTGTTCCCCTGCAAGTACGCCTCGTCCGGCTGCGAGGTGACCCTGCCT
27 27 27 27 27 27 2 27

GAGAAGGTGGCCAACTCTGTGCTGTTCCCCTGCAAGTACGCCTCGTCTGGCTGCGAGGTGACCCTCCCF
GAGAAGGTGGCCAACTCTGTGCTGTTCCCCTGCAAGTATGCCTCGTCTGGCTGCGAGGTGACCCTCCCG TGT
GAGAAGGTGGCCAACTCCGTGCTGTTTCCCTGCAAGTACGCCTCTTCTGGATGCGAGGTGACCCTGCCTCACACAGACAAGGCAGAGCACGAGGAGTTGT

GAGAAGGTGGCCAACTCCGTGCTGTTTCCCTGCAAGTACGCTTCTTCTGGATGCGAGGTGACCCTGCCT GGCAGAG GAG TTGT
GAGAAGGTGGCCAACTCCGTGCTGTTCCCCTGCAAGTACGCGTCCTCCGGCTGCGAGGTGACCCTGCCT LACACAGACAAGGCCGAGCATGAGGAGTTGT
GAGAAGGTGGCCAACTCCGTGCTGTTCCCCTGCAAGTACGCGTCCTCCGGCTGCGAGGTGACCCTGCCT CGGAGCAT TGT
GAGAAGGTGGCCAACTCCGTGCTGTTCCCCTGCAAGTACGCGTCCTCCGGATGCGAGGTGACCCTGCTT GGCCGAGCAT! TGT
GAGAAGGTGGCCAACTCCGTGCTGTTCCCCTGCAAGTACGCGTCATCTGGCTGCGAGGTGACCCTGCCTCACACAGACAAGGCGGAGCATGAGGAGCTGT
GAGAAGGTGGCCAATCCTGAGCTGTTCCCCTGCAAGTACGCGTCATCTGGCTGCGAGGTGACCCTGCCT GGCGGAGCAT! TGT
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GAGAAGGTGGCCAACTCTGTGCTGTTTCCCTGCAAGTACGCTTCTTCTGGCTGCGAGGTGACCCTGCCT GGCAGAGCAT TAT
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GCGAGTTTCGACCGTACTCGTGCCCCTGCCCCGGCGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCCGTAATGCCTCACCTTCTGCATCAGCACAAATC
GCGAATTCCGGCCGTACTCGTGCCCCTGTCCTGGCGCTTCCTGCAAGTGGCAGGGCTCGCTGGATGCCGTCATGCCCCACCTTCTACACCAGCACARATC
GTGAATTCCGGCCATACTCGTGCCCCTGCCCTGGGGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCATCTACTGCACCAGCACAAATC
GCGAATTCCGGCCGTACTCATGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCATCTTCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGTCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTTCTGCACCAGCACARATC
GCGAGTTCCGACCGTACTCATGCCCCTGCCCTGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTTCTGCACCAGCACAAATC
GCGAGTTTCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAAGGCTCGCTGGACGCCGTCATGCCCCACCTTCTGCACCAGCACARATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGATGCCGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTTCGGCCGTACTCGTGCCCCTGCCCTGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCTCACCTCCTGCACCAGCACARATC
A R e A A e S A A S A A e A A e G B A e A A e B A e S A R G S R e A R e B e A A e A A A A A e A A e A e A e A e e i i e A e e S
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACARATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCGGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTTCGGCCATATTCATGTCCGTGCCCCGGTGCCTCTTGCAAGTGGCAGGGTTCACTGGACGCCGTCATGCCCCACCTCCTGCACCAGCACAAATC
GTGAGTTCCGGCCATATTCATGTCCGTGCCCTGGAGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTTCTCCACCAGCACARATC
GCGAGTTCCGGCCGTATTCATGCCCCTGTCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCAGGCCGTACTCTTGCCCCTGCCCCGGCGCYTCCTGTAAGTGGCAGGGCTCRCTGGATGCAGTCATGCCCCACCTCCTGCATCAGCACAAATC
GCGAGTTCCGACCATACTCCTGCCCATGCCCTGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTCCTGCACCAGCACAAATC
GTGAGTTCCGGCCCTACTCGTGCCCGTGTCCCGGTGCCTCCTGCAAGTGGCAAGGCTCGCTGGACGCCGTCATGCCGCACCTGCTGCATCAGCACAAGTC
GTGAGTTCCGACCGTATTCATGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTAATGCCTCACCTTCTGCACCAGCACAAAT

GCGAGTTCCGACCGTACTCATGCCCCTGCCCTGGCGCCTCCTGCAAGTGGCAGGGCTCACTGGACGCCGTCATGCCCCACCTTCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTCGACGCCGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GTGAGTTCCGGCCGTACTCTTGCCCTTGCCCCGGCGCTTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTCTTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCATACTCATGCCCCTGCCCCGGCGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCCTGCCCCTGCCCCGGCGCCTCGTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTTCGGCCATACTCATGCCCCTGTCCTGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCRTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGTTCGCTSGACGCCGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCTCTTGACGCCGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCTTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GTGAGTTCCGGCCGTACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCTCTTGATGCCGTCATGCCTCACCTACTGCACCAGCACAAATC
GCGAGTTCCGGCCGTATTCGTGCCCCTGTCCTGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCGGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTATTCGTGCCCCTGTCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCATACTCGTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCGCTCGATGCAGTCATGCCTCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGACCCTACTCGTGCCCCTGCCCGGGGGCGTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTGCTGCACCAGCACAAGTC
GCGAGTTCCGGCCATACTCATGCCCATGTCCTGGCGCCTCCTGTAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTTCTGCATCAGCACAAATC
GCGAGTTCCGGCCATACTCGTGCCCATGTCCTGGCGCCTCCTGCAAATGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTTCTGCACCAGCACAAATC
GCGAGTTCCGACCCTACTCGTGCCCCTGCCCCGGGGCGTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTGCTGCACCAGCACAAGTC
GCGAGTTCCGGCCATACTCCTGCCCCTGCCCCGGCGCCTCCTGCAAGTGGCAGGGCTCCCTGGACGCCGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGACCCTACTCGTGCCCCTGCCCCGGGGCGTCCTGCAAGTGGCAGGGCTCGCTGGACGCCGTCATGCCCCACCTGCTGCACCAGCACAAGTC
GTGAGTTCCGGCCCTACTCGTGCCCGTGTCCCGGTGCCTCCTGCAAGTGGCAAGGCTCGCTGGACGCCGTCATGCCGCACCTGCTGCATCAGCACAAGTC
GTGAGTTCCGGCCGTACTCGTGCCCTTGCCCTGGCGCTTCCTGCAAGTGGCAGGGCTCGCTGGATGCAGTCATGCCCCACCTCTTGCACCAGCACAAATC
R R e A A e R A A A A A A A B e G B e A A e B A e S A A S A A e S A e B A e A A e B A A A A e A A e A e A e A e e i i e A A e e S
GTGAGTTCCGGCCGTACTCGTGCCCATGCCCCGGAGCCTCCTGCAAGTGGCAGGGCTCGCTGGATGCAGTCATGCCCCACCTTCTACACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCATGCCCCGGAGCCTCCTGCAAGTGGCAGGGCTCGCTGGACGCAGTCATGCCCCACCTTCTACACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGTCCCGGTGCTTCTTGCAAGTGGCAGGGCTCACTGGACGCGGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCGTGCCCCTGTCCCGGTGCTTCTTGCAAGTGGCAGGGCTCACTGGACGCGGTCATGCCCCACCTCCTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCCTGCCCCTGCCCCGGGGCCTCTTGCAAGTGGCAGGGCTCACTGGACGCTGTCATGCCCCACCTCTTGAACCAGCACAAATC
GCGAGTTCCGGCCGTACTCCTGCCCCTGCCCCGGGGCCTCTTGCAAGTGGCAGGGCTCACTGGACGCTGTCATGCCCCACCTCCTGCACCAGCACAATTC
GCGGATTCCGGCCGTACTCCTGCCCCTGCCCCGGGGCCTTTTGCAAGTGGCAGGGCTCACTGGACGCTGTCATGCCCCACCTCTTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCCTGCCCCTGCCCCGGGGCCTCTTGCAAGTGGCAGGGCTCACTGGACGCTGTCATGCCCCACCTCTTGCACCAGCACAAATC
GCGAGTTCCGGCCGTACTCCTGCCCCTGTCCCGGGGCTTCTTGCAAGTGGCAGGGCTCACTGGACGCTGTCATGCCCCACCTCTTGCACCAGCACAAATC
222227222227222222227222227222222272222222222222222222222222222222222222222222222222222222222222222272

GCGAGTTCCGGCCGTACTCGTGCCCCTGTCCCGGTGCCTCTTGCAAGTGGCAGGGCTCACTGGACGCAGTCATGCCCCACCTCTTGCACCAGCACAAATC
2222272222272222222272222272222222272222222222222222222222222222222222222222222222222222222222222222272

GCGAbLLLthLLhL CTCGTGCCCCTGTCCCGGGGCCTCTTGCAAGTGGCAGGGCTCACTGGACGCAGTCATGCCCCACCTCTTGCACCAGCACAAATC

1901 2000
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAAGGCGAGGACATCGTCTTCCTGGCTACAGACATCAACCTTCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAAGGCGAGGATATCGTCTTCCTGGCCACAGACATCAACCTTCCTGGGGCTGTGGACTGGGTTATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTTCAGGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCTGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGTTGCAGGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCCGGGGCYGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAAGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACTACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCTGGGGCTGTGGACTGGGTTATGATGCAAACCTGCTTCGGCTTC

CATCACCACGCTGCAGGGCGAGGACATCGTCTTTCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTTCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC

CATCACCACGCTGCAGGGCGAGGATATCGTCTTCTTGGCTACCGACATCAACCTTCCTGGAGCTGTGGACTGGGTTATGATGCAAACCTGCTTCGGCTTC
CATCACTACTCTGCAGGGAGAGGACATCGTCTTCCTGGCCACGGACATCAACCTTCCCGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGGGCKGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACTACACTGCAAGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTACCCGGCGCAGTGGACTGGGTGATGATGCAAACCTGCTTCGGCTTC
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CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCCGGGGCGGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACAGACATCAACCTGCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCYGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTRTTCCTGGCCACGGACATCAACCTCCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACCCTGCAGGGTGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC

CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCCGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACTACTCTGCAGGGAGAGGACATCGTCTTCCTGGCCACGGACATCAACCTTCCCGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACTACTCTGCAGGGRGAGGACATCGTTTTCCTGGCCACGGACATCAACCTTCCCGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTTTTCCTGGCCACGGACATCAACCTCCCTGGCGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGCGCCGTCGACTGGGTGATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTGTTCCTGGCCACGGACATCAACCTTCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTGTTCCTGGCCACGGACATCAACCTTCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGCGCCGTCGACTGGGTGATGATGCAAACCTGCTTCGGCTTC
CATCACCACCCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGCGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTGCCCGGCGCCGTCGACTGGGTGATGATGCAAACCTGCTTCGGCTTC

CATCACCACGCTGCAGGGCGAGGACATCGTGTTCCTGGCCACGGACATCAACCTCCCTGGGGCTGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
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CATCACCACGCTGCAGGGCGAGGACATCGTCTTTCTGGCCACGGACATCAACCTCCCCGGGGCCGTTGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACGCTGCAGGGCGAGGACATCGTCTTTCTGGCCACGGACATCAACCTCCCCGGGGCCGTTGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGCGAGGACATCGTCTTTCTGGCCACGGACATCAACCTCCCCGGAGCGGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGCGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGAGCGGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGTGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGGGCGGTGGACTGTGTCATGATGCAAACCTGCTTCGGCTTC
CATCACCACACTGCAGGGTGAGGACATCGTCTTCCTGGCCACGGACATCAACCTCCCCGGGGCCGTGGACTGGGTCATGATGCAAACCTGCTTCGGCTTC
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CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT!
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAG?
CACTTCCTATAGTGAG?
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAG?
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]

CAC??2?22227? B
2227 ?? ? E &
CACTTCCTATAGTGAGT|?
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT|?
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT!

CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]

GCT

CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT]
CACTTCCTATAGTGAGT)?
CACTTCCTATAGTAGA'

CACTTCCTATAGTGAGT|
CACTTCCTATAGTGAGTP

222227222222222222

93



AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Salminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastriglé6s
23601Carnegiellamartl16s
23602Carnegiellastrigl6s
17027Carnegiellastrigl6s
17030Carnegiellastrigl6s
22802Carnegiellavesca

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis
AY788065_Parodon_sp
AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus
AY788080_Ssalminus_maxillosus
7616Salminus_hilarii
9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta
AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum
AY788031_Hoplias_sp
AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni
AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp
AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali
AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi
AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus
AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s

ARAAGAATAT

TCTCACATAGCA

TGTTTAAGG

TG
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22801Thoracocharaxstel
19318Carnegiellastriglé6s
23601Carnegiellamart16s
23602Carnegiellastrigl6s

B e A

17027Carnegiellastrigl6s
17030Carnegiellastrigl6s

22802Carnegiellavesca

2400

AY788044_Leporinus_sp

AY787997_Chilodus_punctatus
AY788075_Prochilodus_nigricans

[TTTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

“TGTCCCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

AY788027_Hemiodus_gracilis
AY788065_Parodon_sp

AY788067_Piaractus_brachipomus
AY788033_Hydrolycus_pectoralis

AY787999_Chalceus_macrolepidotus
AY788013_Exodon_paradoxus

AY788080_Salminus_maxillosus

=l

7616Salminus_hilarii

D

9025Salminus_brasiliensis
AY787976_Brycon_hilarii
AY787998_Ctenolucius_hujeta

g

AY788059_Nannostomus_beckfordi
AY787992_Characidium_fasciatum

AY788031_Hoplias_sp
AY788030_Hepsetus_odoe

AY787989_Citharinus_citharus
AY787954_Anostomus_anostomus

AY788000_Colossoma_macropomum
AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus
AY787985_Bryconops_sp.

TCT

TCT

AY787990_Chalceus_erythrurus
AY788020_Hemibrycon_beni

TGATGG'

AY788041_Knodus_sp
AY788051_Mimagoniates_lateralis
AY787994_Roeboides_sp
AY787956_Acestrorhynchus_sp

GIAC

TGATG!

AY787955_Astyanax_bimaculatus
AY787995_Cheirodon_sp
AY788001_Creagrutus_sp
AY788064_Prodontocharax_sp
AY788003_Characidium_vidali

AY788083_Melanocharacidium_sp
AY787963_Alestes_baremoze
AY788018_Hydrocynus_brevis
AY788046_Ladigesia_roloffi

AY788047_Micralestes_acutidens
AY788010_Distichodus_notospilus

AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp

3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel

[TGCTTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
ITGTCTCACAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

{TGTCTCTCAGAGGCATGAAGGTTATTGAGAACAGGGCCCTCAAGGA

[TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

-TTTCTCCCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

[TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
ITGTCTCTCAGAGGAATGAAGGTGATTGAGAACAGGGCTCTGAAGGA
[TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
[TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
222222222222222222222222222222222222222222222?
[GGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
ITGTTTCCCAGAGGCATGAAGGTAATTGAAAATAGGGCCCTCAAGGA
[TGTTTCTCAGAGGCATGAAAGTCATTGAGAACAGAGCCCTCAAAGA

"TCTTTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
(JTGTGTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
-TATATCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA

4222222272222222222222222222222222222222222222272

“{CGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

[TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
2722272227222722272227222722272227222722272227

[TCATTTC GAATGAAGGTTATTGAG. GGCTCTGAAGGA
[ITGTCCCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

{TGTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

[TATTTC— GAATGAAGGTTATTGAG. GGCTCTGAAGGA
ITCGTTTCCAGAGGAATGAAGGTTATTGAGAACAGGGCTCTGAAGGA
[TCATTTC GAATGAAGGTTATTGAG. GGCTCTGAAGGA
ITGTGTTTTAGAGGAATGAAGGTGATTGAGAACAGGGCTCTGAAGGA
[CGTCCCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
[-GTGTTT! GAATGAAGGTCATTGAG. GGCTCTGAAGGA

42222222722222222722222222222222222222222222222272

“TCTTTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

[TCTTTCTYAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
ITGATTCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
[TGATTCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTCAAGGA
ITGATCCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTGAAGGA
[TGATCCTCAGAGGCATGAAGGTCATTGAGAACAGAGCCCTGAAGGA
[TTTACTACAGAGGCATGAAGGTCATTGAGAACAGGGCCCTGAAGGA
222272 272 22 2 272 2222272 272 2

2

[TGTCATTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

“HTGTCATTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

19318Carnegiellastrigl6s
23601Carnegiellamart16S

23602Carnegiellastrigl6s
17027Carnegiellastrigl6s

17030Carnegiellastriglé6s
22802Carnegiellavesca

427222722272222

[TGTCATTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
27272222222222222222222222222222222222272

“{TCTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

[TTTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA
ITCTCTCTCAGAGGCATGAAGGTCATTGAGAACAGGGCCCTCAAGGA

2469

AY788044_Leporinus_sp
AY787997_Chilodus_punctatus

AY788075_Prochilodus_nigricans
AY788027_Hemiodus_gracilis

AY788065_Parodon_sp

AY788033_Hydrolycus_pectoralis
AY787999_Chalceus_macrolepidotus

AY788013_Exodon_paradoxus

AY788080_Salminus_maxillosus

7616Salminus_hilarii

401
TGGAGCTG! GAGATCCAGCT!
TGGAGCTG! GAGATCCAGCT!
GATGGAGCTGCAGGAGATCCAGCTH
TGGAACTG! GAGATCCAGCT!
GATGGAGCTGCAGGAGATCCAGCT!H
TGGAGCTG! GAGATCCAGCT!
TGGAGCTG! GAGATCCAGCT!
GATGGAGATCCAGGAGATCCAGCTH G G
TGGAGATC! GAGATCCAGCT!
GATGGAGCTGCAGGAGATCCAGTTH
TGGAGCTG! GAGATCCAGTT!

2
T
C
T
T
T
AY788067_Piaractus_brachipomus T
T
T
T
T
T
?

9025Salminus_brasiliensis
AY787976_Brycon_hilarii

AY787998_Ctenolucius_hujeta

AY788059_Nannostomus_beckfordi

AY787992_Characidium_fasciatum
AY788031_Hoplias_sp

AY788030_Hepsetus_odoe
AY787989_Citharinus_citharus

Tt GATGGAGCTGCAGGAGATCCAGCTH
T G. TGGAGCTG! GAGATCCAGCT!
Ct GATGGAGATTCAGGAGATCCAGCTT.
T G. TGGAGCTG! GAGATCCAACT!
T TGGAGATC! GAGATTCAGCT!
Tt GATGG. TACAGGAGATCCAGCTH
2

GATGGAGCTGCAGGAGATCCAGCTH

AY787954_Anostomus_anostomus
AY788000_Colossoma_macropomum

GAGATCCAGCT

AY787969_Astyanacinus_sp
AY787984_Bryconamericus_diaphanus

TGGAGCTG!
2 22

TGGAGATCC.

22

AY787985_Bryconops_sp.
AY787990_Chalceus_erythrurus

AY788041_Knodus_sp

AY788051_Mimagoniates_lateralis

AY787994_Roeboides_sp

AY787956_Acestrorhynchus_sp

Tt
T
2
Tt
T
Tt
AY788020_Hemibrycon_beni T
T
Tt
T
Tt
T

AY787955_Astyanax_bimaculatus

-
TGGAACTG! GAGATCCAACT!
GATGGAGATCCAGGAGATCCAGCTH G G
TGGAGATC! GAGATCCAGCT!
TGGAGATC! GAGATCCAGCT!
GATGGAGATCCAGGAGATCCAGCTH
TGGAGATC! GAGATCCAGCT!
GATGGAGCTGCAGGAGATCCAGCTH
TGGAGATC! GAGATCCAGCT!

AY787995_Cheirodon_sp
AY788001_Creagrutus_sp T

AY788064_Prodontocharax_sp

AY788003_Characidium_vidali TGAGG. GATGGAGCTGCAGGAGATCCAACT!
AY788083_Melanocharacidium_sp T G. TGGAACTG! GAGATCCAACT!
AY787963_Alestes_baremoze T TGGAGAT. GAGATCCAGCT!
AY788018_Hydrocynus_brevis C GATGGAGATACAGGAGATCCAGCTH
AY788046_Ladigesia_roloffi T TGGAGATC! GAGATCCAGCT!
AY788047_Micralestes_acutidens T GATGGAGATCCAGGAGATCCAGCTH!
AY788010_Distichodus_notospilus T TGGAGCTG! GAGATCCAGCT! G

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
TAAGCACATTGCTGAAGAGGCTGACCG
TAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAGGAGGCCGACCG

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAG?CTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG

2222227222222227222222222222272222222222222222222222222222222222222227

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
2 22 2222272 22 272

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG

CAAGCACATTGCTGAAGAGGCTGACCG

222227222227222222227222227222222227222227222222222222222222222222222227

GATGGAGATCCAGGAGATCCAGCTH
222202722222722222222722222722222222222222222222222222222222222222222227

CAAGCACATTGCTGAAGAGGCTGACCG

CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGCCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
CAAGCACATTGCTGAAGAGGCTGACCG
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AY788037_Citharinus_sp
AY788038_Ichthyborus_sp
AY788084_Xenocharax_spilurus
13112Bryconopssp
3501Triportheuspantanalensis
15580Triportheus_orinocensis
AY788082_Triportheus_angulatus
19868Gasteropelecmacl6s
19869Gasteropelecmacl6s
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
22595Thoracocharax16s
22596Thoracocharax16s
22801Thoracocharaxstel
19318Carnegiellastrigl6s
23601Carnegiellamart16S
23602Carnegiellastrigl6s
17027Carnegiellastrigl6s
17030Carnegiellastriglé6s
22802Carnegiellavesca

GAGATCCAACT

T TGGAGCTG! GAGATCCAGCT!
Tt GATGGAGCTGCAGGAGATCCAGCTH
T TGGAGCTG! GAGATCCAGCT!

CAAGCACATTGCTGAGGAGGCTGACCG
CAAGCACATTGCTGAGGAGGCTGATCG
CAAGCACATTGCTGAGGAGGCTGATCG
CAAGCACATTGCTGAAGAGGCTGACCG

2727272727272222222222222222222222222222222222222222222222222222222222222272

T TGGAGCTG! GAGATCCAGCT!
T TGGAGCTG! GAGATCCAGCT!
T GATGGAGCTGCAGGAGATCCAGCTH

CAAGCACATTGCTGAGGAGGCTGACCG
2

CAAGCACATTGCTGAGGAGGCCGACCG
CAAGCACATTTCTGAGGAGGCCGACCG
CAAGCACATTGCTGAGGAGGCCGACCG
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APENDICE Il

Alinhamento final das seqéncias parciais do gene Citocromo Oxidase | utilizadas
nas analises filogenéticas. O simbolo “?” indica bases néo lidas.

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
7616Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
761l6Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
7616Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
7616Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus

1 100
CTCTACCTAGTATTTGGTGCTTGAGCCGGAATAGTGGGTACAGCTTTAAGTCTCCTAATCCGAGCAGAACTAAGTCAACCTGGGTCCTTACTGGGCGATG
CTCTACCTAGTATTTGGTGCTTGAGCCGGAATAGTGGGTACAGCTTTAAGTCTCCTAATCCGAGCAGAACTAAGTCAACCTGGGTCCTTACTGGGCGATG
CTATATTTAGTATTTGGTGCTTGAGCCGGAATAGTGGGCACAGCTCTAAGTTTATTAATCCGAGCAGAATTAAGTCAACCTGGGTCCTTACTGGGCGATG
CTATATTTAGTATTCGGTGCTTGAGCCGGAATAGTGGGCACAGCTCTAAGTTTATTAATCCGAGCAGAATTAAGTCAACCTGGGTCCTTACTGGGCGATG
CTATATTTAGTATTCGGTGCTTGAGCCGGAATAGTGGGTACAGCTCTAAGTTTTTTAATCCGAGCAGAATTAAGTCAACCTGGGTCCTTACTGGGTGATG
CTGTACCTAGTATTTGGTGCTTGAGCCGGAATAGTTGGTACAGCATTAAGCCTTTTAATCCGAGCAGAACTAAGTCAACCTGGGTCATTACTAGGCGACG
CTCTACCTAGTATTTGGTGCTTGAGCCCGGATAGTTGGTACAGCATTAAGTCTCCTAATCCGAGCAGAACTAAGTCAACCCGGGTCCCTTATAGGCGACG

227? ? 272 ? 27 27 ? GCATTAAGCCTTTTAATCCGAGCAGAACTAAGTCAACCTGGGTCATTTATAGGCGACG
2272222222222 TTTGGTGCTTGAGCCGGGATAGTTGGTACAGCATTAAGCCTTTTAATCCGAGCAGAACTAAGTCAACCCGGGTCATTTATAGGCGACG
CTGTACCTAGTATTTGGTGCCTGAGCCGGAATAGTAGGCACAGCCCTAAGCCTTTTAATCCGAGCAGAACTAAGTCAACCTGGGTCATTACTAGGCGAAG
CTCTACCTAGTATTTGGTGCCTGGGCCGGAATAGTGGGCACAGCTTTGAGCCTCCTAATCCGAGCAGAACTCAGTCAGCCCGGGTCCTTACTGGGCGATG

CTCTACCTAGTATTTGGTGCCTGGGCAGGAATAGTAGGCACAGCACTAAGCTTTCTAATTCGAGCAGAGCTTAGCCAGCCCGGATCTTTACTAGGGGACG
CTCTACCTAGTATTTGGTGCCTGGGCAGGAATAGTAGGCACAGCACTAAGCTTTCTAATTCGAGCAGAGCTTAGCCAGCCCGGATCTTTACTAGGGGACG
CTCTACTTAGTATTTGGTGCTTGGGCCGGGATAGTTGGCACAGCTTTAAGTCTCCTAATCCGAGCAGAACTCAGCCAGCCGGGGTCCTTACTTGGGGATG
CTCTACCTAGTATTTGGTGCTTGGGCCGGGATAGTTGGTACAGCATTAAGTCTCCTAATCCGAGCAGAACTCAGCCAGCCGGGGTCCCTTATTGGGGACG
CTTTATTTAGTATTTGGTGCCTGGGCCGGAATAGTTGGAACAGCCCTAAGCCTATTAATCCGAGCAGAACTAAGTCAACCCGGGTCTCTGCTGGGAGACG
CTTTACCTAGTATTTGGTGCCTGGGCCGGGATAGTTGGAACAGCATTAAGCCTAATAATTCGAGCAGAGCTAAGCCAACCGGGGTCACTCATTGGAGACG

101 200
ATCAAATTTACAATGTAATTGTTACTGCTCATGCATTTGTAATAATTTTCTTTATAGTAATACCGGTTATAATTGGAGGCTTTGGARATTGATTAGTACC
ATCAAATCTACAATGTAATTGTTACTGCTCATGCATTCGTAATAATTTTCTTTATAGTAATACCTGTAATAATTGGAGGCTTTGGARATTGATTAGTACC
ATCAAATTTACAATGTAATTGTTACTGCTCATGCATTTGTAATAATTTTCTTTATAGTAATACCTGTAATAATTGGAGGCTTTGGAAATTGATTAGTACC
ATCAAATCTACAATGTAATTGTTACTGCTCATGCATTCGTAATAATTTTGTTTATAGTAATGCCTGTAATAATTGGAGGCTTTGGGAATTGATTAGTACC
ATCAAATCTATAATGTAATTGTTACCGCCCATGCATTCGTAATAATTTTCTTTATAGTAATGCCTGTTATAATTGGAGGCTTTGGGAACTGATTGGTACC
ATCAAATCTACAATGTAATTGTTACTGCTCATGCATTCGTAATAATTTTCTTTATAGTAATACCTGTAATAATTGGAGGCTTTGGARATTGATTAGTACC
ATCAAATTTACAATGTAATTGTTACCGCCCACGCATTTGTAATAATTTTCTTTATAGTAATGCCAGTAATAATTGGAGGCTTCGGGAACTGGCTAGTGCC
ATCAAATTTACAATGTAATTGTTACGCCACACGCATTTGTAATAATTTTCTTTATAGTTATGCCAGTAATAATTGGAGGCTTCGGGAACTGGCTAGTGCC
ATCAAATTTATAATGTAATTGTGACCGCCCACGCATTTGTAATAATCTTCTTTATAGTAATGCCAGTAATAATTGGAGGCTTCGGGAACTGGCTAGTACC
ATCAAATTTATAATGTAATTGTCACCGCCCACGCATTTGTAATAATCTTCTTTATAGTAATACCAGTAATAATTGGGGGCTTTGGGAACTGGTTAATTCC
ATCAAATTTATAATGTAATTGTTACCGCCCACGCATTTGTAATAATTTTCTTTATAGTAATGCCAGTAATAATTGGAGGCTTCGGGAACTGACTAGTGCC
ATCAAATTTATAATGTAATTGTTACCGCCCACGCATTTGTAATAATTTTCTTTATAGTAATGCCAGTAATAATTGGAGGCTTCGGGAACTGACTAGTGCC
ATCAAATTTATAATGTAATTGTTACCGCCCACGCATTTGTAATAATTTTCTTTATAGTAATGCCAGTAATAATTGGAGGCTTCGGGAACTGGCTAGTGCC
ACCAAATTTACAATGTAATCGTCACTGCCCATGCATTCGTAATAATTTTCTTTATAGTAATGCCAGTAATAATCGGAGGCTTCGGARACTGATTAGTTCC
ACCAAATTTACAATGTAATCGTCACTGCCCATGCATTCGTAATAATTTTCTTTATAGTAATGCCAGTAATAATCGGAGGCTTCGGAAACTGATTAGTTCC
ACCAAATTTATAATGTAGTCGTCACCGCCCATGCATTTGTAATAATTTTCTTTATAGTAATACCAGTAATAATTGGAGGCTTTGGGAACTGACTGATTCC
ACCAAATTTATAATGTAGTCGTCACCGCCCATGCATTTGTAATAATTTTCTTTATAGTAATACCAGTAATAATTGGAGGCTTTGGGAACTGACTGATTCC
ACCAAATTTACAATGTGATTGTTACTGCACATGCGTTTGTGATAATCTTCTTTATAGTTATGCCAGTCATGATCGGGGGCTTTGGTAATTGACTGGTGCC
ACCAAATTTACAATGTGATTGTTACTGCACATGCGTTTGTGATAATCTTCTTTATAGTTATGCCGGTAATGATCGGGGGCTTTGGTAATTGACTGGTGCC
ACCAAATTTATAATGTTATCGTTACCGCACATGCATTCGTAATAATTTTCTTTATAGTAATACCAGTAATGATTGGGGGATTTGGAAATTGATTAGTGCC
ACCAAATTTATAATGTTATCGTTACGGCACATGCATTCGTAATAATTTTCTTTATAGTAATACCGGTAATAATTGGAGGATTTGGARATTGATTGGTACC

201 300
CTTAATAATTGGAGCCCCAGACATAGCTTTCCCTCGTAT. CAATATGAGTTTTTGATTGCTACCTCCCTCATTTCTTTTACTTTTAGCTTCTTCAGGT
CTTAATAATTGGAGCCCCCGACATAGCTTTCCCTCGTATAAACAATATGAGTTTTTGATTGCTACCTCCCTCATTTCTTTTACTTTTAGCTTCTTCAGGT
CTTAATAATTGGAGCCCCCGACATAGCTTTCCCTCGTAT. CAATATGAGTTTTTGATTGCTACCTCCCTCATTTCTTTTACTTTTAGCTTCTTCAGGT
CTTAATAATTGGAGCCCCAGACATAGCTTTCCCCCGTAT. CAATATAAGTTTTTGATTGCTACCTCCCTCATTTCTTTTACTTTTAGCTTCTTCAGGT
CTTAATAATTGGAGCCCCCGACATAGCTTTCCCCCGAATAAACAACATAAGCTTTTGACTTCTACCTCCCTCATTTCTTTTGCTTTTAGCTTCTTCAGGC
CTTAATAATTGGAGCCCCCGACATAGCTTTCCCTCGTAT. CAATATGAGTTTTTGATTGCTACCTCCCTCATTTCTTTTACTTTTAGCTTCTTCAGGT
CCTTATGATTGGGGCACCTGACATGGCCTTCCCGCGAATAAATAATATAAGCTTCTGACTACTCCCTCCCTCATTCCTCCTTCTACTAGCCTCCTCAGGA
CCTTATGATTGGGGCACCTGACATGGCCTTCCCGCGAATAAATAATATAAGCTTTTGACTACTCCCTCCCTCATTCCTCCTTCTACTAGCCTCCTCAGGA
CCTTATGATTGGGGCACCTGACATGGCCTTCCCGCGAATAAATAATATAAGCTTCTGACTACTCCCTCCCTCATTCCTCCTTCTACTAGCCTCCTCAGGA
CCTTATGATTGGTGCCCCAGACATAGCCTTTCCGCGAATAAACAACATAAGCTTCTGACTACTCCCCCCCTCATTCCTTCTCCTACTAGCCTCCTCAGGT
CCTGATGATTGGGGCACCTGACATGGCCTTCCCGCGAATAAACAACATAAGCTTCTGACTGCTCCCCCCCTCATTCCTTCTTCTACTAGCCTCCTCAGGA
CCTGATGATTGGGGCACCTGACATGGCCTTTCCACGAATAAACAACATAAGCTTCTGACTGCTCCCCCCCTCATTCCTTCTTCTACTAGCCTCCTCAGGA
CCTTATGATTGGGGCACCTGACATGGCCTTCCCGCGAATAAATAATATAAGCTTTGGACTACTCCCTCCCTCATTCCTCCTTCTACTAGCCTCCTCAGGA
TTTAATAATCGGGGCCCCTGACATGGCCTTCCCACGAATGAACAACATAAGCTTTTGATTTCTACCACCATCATTTCTCCTGCTATTAGCCTCCTCAGGC
TTTAATAATCGGGGCCCCTGACATGGCCTTCCCACGAATGAACAACATAAGCTTTTGACTTCTACCACCATCATTTCTCCTGCTATTGGCCTCCTCAGGC
CCTAATAATTGGAGCCCCAGACATGGCCTTCCCACGAATAAATAATATAAGTTTCTGACTACTTCCCCCCTCATTTCTTCTCCTACTAGCCTCTTCAGGT
CCTAATAATTGGAGCCCCAGACATGGCCTTCCCACGAATAAATAATATAAGTTTCTGACTACTTCCCCCCTCATTTCTTCTCCTACTAGCCTCTTCAGGT
CTTAATAATCGGAGCCCCAGATATAGCTTTTCCTCGCATGAACAATATAAGCTTTTGACTTCTACCCCCGTCTTTTCTTCTACTCCTCGCTTCCTCTGGT
CTTAATAATTGGAGCCCCAGATATAGCTTTTCCTCGCATGAACAACATAAGCTTTTGACTTCTACCCCCGTCTTTTCTTCTACTCCTCGCTTCCTCTGGG
TCTAATAATCGGCGCCCCAGACATAGCCTTTCCCCGAATAAATAATATAAGTTTTTGGCTTCTACCCCCTTCCTTCCTCCTTCTTCTGGCATCCTCAGGA
CCTAATGATTGGGGCTCCAGACATGGCCTTTCCCCGAATAAATAATATAAGCTTTTGACTACTACCTCCCTCCTTCCTCCTTCTTCTAGCATCCTCAGGA

301 400
GTTGAAGCTGGAGCAGGAACAGGTTGAACTGTATATCCTCCTCTTGCAGGAAATCTTGCCCATGCAGGAGCTTCAGTAGATTTAACTATTTTTTCACTTC
GTTGAAGCTGGAGCAGGAACAGGTTGAACTGTATATCCTCCTCTTGCAGGARATCTTGCCCATGCAGGAGCTTCAGTAGATTTAACTATTTTTTCACTTC
GTTGAAGCTGGAGCAGGAACAGGTTGAACTGTATATCCTCCTCTTGCAGGAAATCTTGCCCATGCAGGAGCTTCAGTAGATTTAACTATTTTTTCACTTC
GTTGAAGCTGGAGCAGGAACAGGTTGAACTGTATATCCTCCTCTTGCAGGARATCTTGCTCATGCAGGAGCTTCAGTAGATTTAACTATTTTTTCACTTC
GTTGAAGCTGGAGCAGGTACAGGTTGAACAGTATATCCCCCTCTTGCAGGAAATCTTGCTCATGCAGGGGCTTCAGTCGACTTAACTATTTTTTCACTTC
GTTGAAGCTGGAGCAGGAACAGGTTGAACTGTATATCCTCCTCTTGCAGGAAATCTTGCCCATGCAGGAGCTTCAGTAGATTTAACTATTTTTTCACTTC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCTCCCCTTGCTGGGAACCTTGCTCACGCCGGAGCCTCAGTTGACTTAACCATTTTTTCTCTCC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCTCCCCTTGCTGGGAACCTTGCTCACGCCGGAGCCTCAGTTGACTTAACCATTTTTTCTCTCC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCTCCCCTTGCTGGAAACCTTGCTCACGCCGGAGCCTCAGTTGACTTGACCATTTTTTCTCTCC
GTAGAAGCGGGGGCCGGCACGGGCTGAACAGTATACCCTCCCCTTGCTGGAAACCTTGCACATGCCGGAGCCTCAGTTGATTTAACTATTTTTTCTCTTC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCCCCCCTTGCTGGAAACCTTGCTCACGCCGGGGCCTCAGTTGACTTAACCATTTTTTCTCTCC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCCCCCCTTGCTGGARACCTTGCTCACGCCGGGGCCTCAGTTGACTTAACCATTTTTTCTCTCC
GTAGAAGCAGGGGCCGGCACCGGTTGAACAGTGTATCCTCCCCTTGCTGGAAACCTTGCTCACGCCGGAGCCTCAGTTGACTTAACCATTTTTTCTCTCC
GTTGAAGCGGGAGCCGGAACGGGCTGGACGGTTTATCCCCCCCTTGCAGGARATCTTGCCCATGCTGGAGCTTCAGTAGATTTAACTATCTTTTCTCTCC
GTTGAAGCGGGAGCCGGAACGGGCTGGACGGTTTATCCCCCCCTTGCAGGAAATCTTGCCCATGCTGGGGCTTCAGTAGATTTAACTATCTTTTCTCTCC
GTTGAAGCAGGAGCAGGTACCGGATGGACAGTCTACCCACCTCTCGCAGGAAATCTTGCCCACGCAGGGGCTTCCGTAGACTTAACTATTTTCTCCCTCC
GTTGAAGCAGGAGCAGGTACCGGATGGACAGTCTACCCACCTCTCGCAGGARATCTTGCCCACGCAGGGGCTTCCGTAGACTTAACTATTTTCTCCCTCC
GTAGAAGCAGGGGCTGGAACAGGTTGGACTGTGTACCCCCCTCTTGCAGGAAACATCGCCCACGCAGGAGCTTCTGTTGATTTAACTATCTTCTCGCTCC
GTAGAAGCAGGGGCTGGAACAGGTTGGACTGTGTACCCACCTCTTGCAGGARACATCGCCCACGCAGGAGCTTCTGTTGATTTAACCATCTTCTCGCTCC
GTTGAGGCAGGAGCAGGCACCGGTTGAACTGTATATCCACCCCTTGCAGGCAATCTTGCCCACGCAGGGGCCTCCGTAGACTTAACCATCTTTTCGCTCC
GTTGAAGCAGGAGCAGGCACCGGTTGAACCGTATATCCACCCCTTGCAGGCAATCTTGCCCATGCAGGGGCCTCCGTAGATTTAACCATTTTTTCACTCC

401 500
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATCAACTTTATTACAACTATTATTAATATAAAACCACCTTCCATTTCTCAATATCAAACCCCTTTATT
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATCAACTTTATTACAACTATTATTAATATAAAACCACCTTCCATTTCTCAATATCAAACCCCTTTATT
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATTAACTTTATTACAACTATTATCAATATAAAACCACCTTCCATTTCTCAATATCAAACCCCTTTATT
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATTAACTTTATTACAACTATTATTAATATAAAACCACCTTCCATTTCTCAATATCAAACCCCTTTATT
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATTAACTTTATTACAACCATCATTAACATAAAACCACCTTCTATTTCACAGTACCAGACCCCTTTATT
ATCTTGCCGGTGTATCTTCAATTTTAGGAGCTATCAACTTTATTACAACTATTATTAATATAAAACCACCTTCCATTTCTCAATATCAAACCCCTTTATT
ATTTAGCCGGTGTGTCATCAATTCTTGGAGCCATTAATTTTATTACAACTATTATTAACATGAAGCCTCCATCTATTTCTCAATATCAAACCCCACTATT
ATTTAGCCGGTGTGTCATCAATTCTTGGAGCCATTAATTTTATTACAACTATTATTAACATGAAGCCTCCATCTATTTCTCAATATCAAACCCCACTATT
ACTTAGCCGGTGTGTCATCAATTCTTGGAGCCATTAATTTTATTACAACTATTATTAACATGAAACCTCCATCTATTTCTCAATATCAAACCCCACTATT
ACTTAGCCGGTGTCTCATCCATTTTAGGGGCTATTAATTTTATTACAACCATTATTAATATAAAACCTCCATCTATCTCCCAATATCAAACCCCTTTGTT
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22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
7616Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
7616Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

17027Carnegiellastrigata
17030Carnegiellastrigata
19318Carnegiellastrigata
22802Carnegiellavesca
23601Carnegiellamarthae
23602Carnegiellastrigatta
11714Thoracocharaxsp
11716Thoracocharaxsp
12769Thoracocharaxsp
8740Thoracocharaxcf.stellatus
22595Thoracocharaxcf.stellatus
22596Thoracocharaxcf.stellatus
22801Thoracocharaxstellatus
19869Gasteropelecusmaculatus
19871Gasteropelecusmaculatus
22803Gasteropelecussternichla
22974Gasteropelecussternichla
761l6Salminushilarii
9025Salminusbrasiliensis
3501Triportheusparanaensis
15580Triportheusorinocensis

ACTTAGCTGGTGTGTCATCAATTCTTGGGGCCATTAATTTTATTACAACTATTATTAACATGAAGCCTCCATCTATTTCTCAATACCAAACCCCATTATT
ACTTAGCTGGTGTGTCATCAATTCTTGGGGCCATTAATTTTATTACAACTATTATTAACATGAAGCCTCCATTTATTTCTCAATACCAAACCCCATTATT
ACTTAGCCGGTGTGTCATCAATTCTTGGGGCCATTAATTTTATTACAACTATTATTAACATGAAACCTCCATCTATTTCTCAATATCAAACCCCACTATT
ATCTGGCCGGTGTGTCATCAATTTTAGGGGCAATTAATTTTATTACAACTATTATTAATATAAAACCCCCATCTATCTCTCAGTACCAGACACCTATATT
ATCTGGCCGGTGTGTCATCAATTTTAGGGGCCATTAATTTTATTACAACTATTATTAATATAAAACCCCCATCTATCTCTCAGTACCAGACACCTCTATT
ATTTAGCTGGTGTTTCCTCTATTCTAGGAGCAATCAATTTTATTACAACAATCATTAACATAAAACCCCCAGCCATCTCCCAATATCAAACACCTTTATT
ATTTAGCTGGTGTTTCCTCTATTCTAGGAG! TCAATTTTATTAC. TCATTAACAT. CCCCCAGCCATCTCCCAATATCARACACCTTTATT
ACCTTGCTGGTGTTTCCTCGATTCTAGGGGCCATCAACTTTATTACTACGATTATTAACATGAAACCCCCAGCTGCCTCTCAGTACCAGACACCTCTATT
ACCTTGCTGGTGTTTCCTCGATTCTAGGGGCCATCAACTTTATTACTACGATTATTAACATAAAACCCCCAGCTGCCTCTCAGTACCAGACACCTCTGTT
ATCTCGCAGGAGTCTCTTCAATTTTAGGTGCAATCAATTTTATTACAACTATTATTAACATAAAACCACCAGCAATTTCACAATACCAAACACCTTTATT
ACCTCGCAGGGGTTTCTTCAATTTTAGGTGCAATCAACTTTATTACAACTATTATTAACATAAAACCACCAGCAATTTCACAATACCAAACACCTTTATT

501 600
TGTATGAGCTGTTTTAGTAACCGCAGTTCTTCTTCTTCTTTCCCTGCCTGTCTTAGCAGCTGGAATTACAATACTTTTAACAGACCGAAACCTTAACACT
TGTATGAGCTGTTTTAGTAACCGCAGTTCTTCTTCTTCTTTCCCTGCCTGTCTTAGCAGCTGGAATTACAATACTTTTAACAGACCGAAACCTTAACACT
TGTTTGAGCTGTTTTAGTAACCGCAGTTCTTCTTCTTCTTTCCCTGCCTGTCTTAGCAGCTGGAATTACAATACTTTTAACAGACCGAAACCTTAACACT
TGTTTGAGCTGTTTTAGTAACCGCAGTTCTTCTTCTTTTATCTTTGCCTGTCTTAGCAGCTGGAATTACAATACTTTTAACAGACCGAAACCTTAACACT
TGTTTGAGCCGTTTTAATCACTGCAGTACTTCTTCTTCTCTCCCTGCCTGTCTTAGCCGCTGGTATTACAATGCTTTTAACAGATCGTAACTTARATACT
TGTATGAGCTGTTTTAGTAACCGCAGTTCTTCTTCTTCTTTCCCTGCCTGTCTTAGCAGCTGGAATTACAATACTTTTAACAGACCGAAACCTTAACACT
TGTGTGAGCCGTATTAGTAACCGCAGTTCTCCTTCTCTTATCTTTACCCGTTCTAGCCGCTGGCATTACAATACTTCTTACAGACCGAAACCTARATACC
TGTGTGAGCCGTATTAGTAACCGCAGTTCTCCTTCTCTTATCTTTACCCGTTCTAGCCGCCGGCATTACAATACTTCTCACAGACCGAAACTT. TACC
TGTGTGAGCCGTTTTAGTAACCGCAGTTCTCCTTCTCTTATCTTTACCCGTTCTAGCCGCTGGCATTACAATACTTCTTACAGACCGAAACCTARATACC
TGTGTGAGCTGTATTAGTAACCGCAGTTCTTCTTCTTCTCTCTTTACCTGTTCTAGCTGCCGGAATCACAATACTTCTTACAGACCGAAACCT. TACC
TGTGTGGGCCGTATTAGTGACCGCGGTTCTCCTTCTCTTATCCTTACCCGTTCTAGCCGCTGGCATTACAATACTTCTTACAAACCGAAACCTARATACC
TGTGTGGGCCGTATTAGTGACCGCGGTTCTCCTTCTCTTATCCTTGCCCGTTCTAGCCGCTGGCATTACAATACTTCTTACAGACCGAAACCTARATACC
TGTGTGAGCCGTTTTAGTAACCGCAGTTCTCCTTCTCTTATCTTTACCCGTTCTAGCCGCTGGTATTACAATACTTCTTACAGACCGAAACCTAARATACT
TGTCTGAGCTGTTTTAGTCACTGCAGTCCTTCTCCTACTGTCTTTACCTGTGCTAGCTGCCGGAATTACAATACTCCTCACCGACCGAAACCTTAATACC
TGTCTGAGCTGTTTTAGTCACTGCAGTCCTTCTCCTACTGTCTTTACCTGTGCTAGCTGCCGGAATTACAATACTCCTCACCGACCGAAACTTAAATACC
TGTGTGAGCAGTCTTAATCACTGCAGTCCTTCTTTTATTATCCTTACCCGTCTTAGCCGCCGGAATCACGATACTCCTCACAGATCGAAACCTARATACT
TGTGTGAGCAGTCTTAATCACTGCAGTCCTTCTTTTATTATCCTTACCCGTCTTAGCCGCCGGAATCACGATACTCCTCACAGATCGAAACCTARATACT
CGTCTGGGCGGTGTTAATTACAGCGGTTTTGCTGCTTCTTTCCCTGCCCGTCCTGGCAGCCGGGATCACAATGCTCCTCACAGACCGGAACTTAAACACC
CGTCTGGGCGGTATTAATTACAGCGGTCTTGCTGCTTCTTTCCCTGCCCGTCCTAGCAGCCGGGATCACAATGCTCCTCACAGACCGGAAATTARACACC
TGTTTGAGCCGTGCTAATTACAGCTGTCCTCCTGCTACTCTCACTGCCAGTGCTAGCAGCCGGGATTACAATGCTCTTAACAGACCGAAACCTTAATACC
TGTTTGAGCCGTACTAATTACAGCGGTCCTCCTACTACTATCACTGCCAGTCCTAGCAGCCGGAATCACAATGCTCTTAACAGACCGAAATCTAAACACC

601 654
ACATTTTTTGACCCTTCCGGAGGAGGAGATCCAATTCTTTATCAACATTTATTT
ACATTTTTTGACCCTTCCGGAGGAGGAGATCCAATTCTTTATCAACATTTATTT
ACATTTTTTGACCCTTCCGGAGGAGGAGATCCAATTCTTTACCAACATTTGTTT
ACATTTTTTGACCCTTCCGGAGGAGGAGATCCAATTCTTTATCAACATTTATTT
ACATTTTTTGACCCTGCTGGAGGAGGGGATCCAATTCTTTATCAACATTTATTT
ACATTTTTTGACCCTTCCGGAGGAGGAGATCCAATTCTTTATCAACATTTATTT

ACCTTCTTTGACCCGGCAGGG???2?2222727? 272 ? 27 ? 277
ACCTTCTTTGACCCGGCAGGGGGAGGAGACCCAATTCTTTATCAACATTTATTT
ACATTTTTTGACCCCGCTGGAGGAGGGGACCCAATCCTCTATCAACACTTATTT
ACATTTTTTGACCCCGCTGGAGGAGGGGACCCAATCCTCTATCAACAA????2727?
ACATTCTTTGACCCAGCTGGAGGAGGAGACCCAATTCTTAACCAACAGTTATTC
ACATTCTTTGACCCAGCCGGAGGAGGAGATCCAATTCTTTACCAACACTTATTT

ACATTTTTCGACCCTGCAGGGCAGGGGGACCCCATCCTATACCAACACTTGTTC
ACTTTCTTGGACCCTGC! GACCCAATTTTATATCAACAACTGGTC
ACTTTCTTCGATCCTGCAGGGGGAGGAGACCCAATCTTATATCAACAACTAGTC
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