AVA
AVAYAY  UNIVERSIDADE ESTADUAL PAULISTA

u nesp Y& «90LIO DE MESQUITA FILHO”

Campus de Sé&o José do Rio Preto

NATHALIADE SETTA

ELEMENTOS DE TRANSPOSICAO NO GENERO
ZAPRIONUS (DIPTERA, DROSOPHILIDAE): ESTUDOS
GENOMICOS E EVOLUTIVOS COM ENFASE NOS
RETROTRANSPOSONS COPIA, GYPSY E MICROPIA

Tese apresentada para obtencéo
do Titulo de Doutor em Genética

Sao José do Rio Preto — SP
2009



AVA
AVAYAY  UNIVERSIDADE ESTADUAL PAULISTA

u nesp Y& «90LIO DE MESQUITA FILHO”

Campus de Sé&o José do Rio Preto

NATHALIA DE SETTA

ELEMENTOS DE TRANSPOSICAO NO GENERO
ZAPRIONUS (DIPTERA, DROSOPHILIDAE): ESTUDOS
GENOMICOS E EVOLUTIVOS COM ENFASE NOS
RETROTRANSPOSONS COPIA, GYPSY E MICROPIA

Tese apresentada para obtencdo
do Titulo de Doutor em Genética

Orientadora: Profa. Dra. Claudia Marcia Aparecida Carareto

Sao José do Rio Preto — SP
2009



Setta, Nathalia de.

Elementos de transposi¢ao no género Zaprionus (Diptera,
Drosophilidae): estudos genémicos e evolutivos com énfase nos
retrotransposons copia, gypsy e micropia / Nathalia de Setta - S&o José
do Rio Preto : [s.n.], 20009.

179 f. :il.; 30 cm.

Orientador: Claudia Marcia Aparecida Carareto
Co-orientador: Marie Anne Van Sluys
Tese (doutorado) — Universidade Estadual Paulista, Instituto de
Biociéncias, Letras e Ciéncias Exatas

1. Genética. 2. Evolugdo Molecular — Elementos transponiveis. 3.
Drosophila. 4. Zaprionus. |. Carareto, Claudia Marcia Aparecida. II.
Sluys, Marie Anne Van. Ill. Universidade Estadual Paulista, Instituto de
Biociéncias, Letras e Ciéncias Exatas. V. Titulo.

CDU - 575

Ficha catologréfica elaborada pela Biblioteca de IBILCE
Campus de Séo José do Rio Preto - UNESP




NATHALIA DE SETTA

Elementos de transposi¢do no género Zaprionus (Diptera, Drosophilidae):
estudos gendmicos e evolutivos com énfase nos retrotransposons copia,
gypsy e micropia

COMISSAO JULGADORA

TESE PARA OBTENCAO DO GRAU DE DOUTOR

Presidente € OrIeNTAON: .. ....eeeeeeeee et e e e e e e e
20 EXAMINAAOT: e
30 EXAMINAOL: oot e e e e e e e et e e e e e e e e aaaens

Sao José do Rio Preto, / /




O presente trabalho foi realizado no Departamento de Biologia do
Instituto de Biociéncias, Letras e Ciéncias Exatas de Sdo José do Rio Preto, da
Universidade Estadual Paulista, sob orientacdo da Profa. Dra. Claudia Marcia
Aparecida Carareto, com bolsa de Doutorado no Pais do Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) e bolsa de Estagio de
Doutoramento no Exterior da Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES).



Dedico este estudo a minha mde Maria Elisa; pelo esforco, dedicagdo e
compreensdo, em todos os momentos desta e de outras caminhadas; ao meu
companheiro Marcus, pelo amor e por entender minha auséncia durante a
realizagdo deste trabalho; a minha orientadora Profa. Claudia Carareto, por me
ouvIr e ensinar outros caminhos.

Obrigada!!!



DURANTE ESTE TRABALHO...

As dificuldades ndo foram poucas...

Os desafios foram muitos...

Os obstdculos, muitas vezes, pareciam intransponiveis.

O desdnimo quis nos contagiar, porém, a garra e a tenacidade foram mais fortes, sobrepondo
esse sentimento, fazendo sequir a caminhada, apesar da sinuosidade do caminho.

Agora, ao olhar para trds, a sensacdo do dever cumprido se faz presente e podemos constatar
que as noites de sono perdidas, as viagens e visitas realizadas, os longos tempos de leitura, a
discussdo, a ansiedade em querer fazer e a angiistia de muitas vezes ndo o consequir, ndo
foram em vdo.

Aqui estamos, como sobreviventes de uma longa batalha, porém, muito mais fortes e hdbeis,
com coragem suficiente para mudar a nossa postura, apesar de todos os percal¢os...

Como dizia Antoine de Saint-Exupéry em sua obra prima “O Pequeno Principe”:

“Foi o tempo que dedicaste d tua rosa que fez a tua rosa tdo importante”

Autor desconhecido

Se queres prever o futuro, estuda o passado.

Confiicio



Agradecimentos

A minha orientadora, Profa. Dra. Claudia Carareto, pela sua dedicacdo a ciéncia,
pelo suporte, persisténcia, confianca e paciéncia, um exemplo de educadora e pesquisadora a

ser seguido;

As Profas. Dras. Marie Anne Van Sluys e Frangoise Lemeunier, bem como ao
Prof. Dr. Pierre Capy, pela co-orientacdo, pelas discussbes sempre proveitosas e pelo

carinho com que me acolheram em seus laboratorios;

Aos funcionarios do Departamento de Biologia e da sessdo de Poés-graduacédo,
especialmente aos técnicos Sebastido, Paulo, Cristiane e Rinneu pelo “papa” de minhas

mosquinhas;

A técnica do GateLab Silvia Regina Blanco pela pronta ajuda na realizacdo das

reacOes de sequénciamento;

Aos Profs. Drs. Hermione Bicudo, Magdalena Rossi, Galina Ananina e Elgion
Loreto, pela disposicdo em avaliar esta Tese e contribuir com a finalizagdo dos nossos
trabalhos;

Aos amigos e colegas que ainda estdo ou ja passaram pelo Laboratorio de Evolucao
Molecular de Insetos Adriana, Ana Cristina, Elaine, Elias, Fabricio, Flavia Cal,
Julcimary, Juliana, Leliane, Lilian, Luciane e Luis Gustavo, obrigada por sua amizade,

pela ajuda constante e por agiientarem meu humor imprevisivel;

Aos amigos do GateLab (USP — S&o Paulo) Alessandro, Andrés, Breno, Dani K.,
Dani Q., Douglas, Leonor, Egdar, Fabiana, Guilherme, Jonas, Luisa, Marcelo, Maria
Elisa, Marisa, Mayra, Obberdan, Robson e Silvia por me receberem de bracos abertos, por
sua companhia, atencdo, amizade e pelos cafés de meio de tarde, que nos dao tanta forca para

continuar o trabalho;

Aos colegas do LEGS (CNRS - Gif-sur-Yvette) Amir, Anna, Claire, Cushla, Jean-
Luc, Lucie, Nicole e Thibaud, bem como aos Profs. Drs. Sylvie Aulard, Jean David,

Catherine Montchamp-Moreau e Marie-Louise Cariou pelas discussfes cientificas, pela



amizade, pela paciéncia que tiveram comigo nos primeiros tempos no exterior e por me

mostrarem o quanto o Brasil € querido e valorizado por outros povos;

Aos meus queridos amigos que trago desde antes do Doutorado Ana Flavia, Carolina
Panin, Caroline Vieira, Daniela Freitas, Isabella, Ligia, Méarcia, Rodrigo, Karina e Paula

Renata pela amizade e por todos os momentos MARAVILHOSOS que passamos juntos;

Aos queridos amigos que fiz durante o doutorado sanduiche Aya, Cinthia, Delia,
Felipe, Leonardo, Marina, Priscila, Rogério, Sabrina e Telma, por todos os jantares depois
de longos dias de trabalho, por todas as maravilhas que vimos pela primeira vez juntos e por

serem minha familia enquanto estive muito longe do ninho;

Aos avos mais amados do mundo, Deanira e Francisco, aos meus primos Tatiana,
Rodrigo e José Roberto e, agora sim, a minha tia Claudia, pelo amor e respeito que recebo

de minha familia, vocés sdo meu segundo porto seguro;

A todos os membros da minha segunda familia, especialmente ao Arnaldo, Leticia,
Luis Fernando, Marcelo, Noemi, VO Isabel e V& Hélio por me receberem téo

carinhosamente e compartilharem comigo o seu afeto;

Ao menino mais amado do mundo, Marcus obrigada por vocé ser do jeitinho que

VOCé €, amigo, carinhoso e dedicado, saiba que eu te amo;

A minha mae, quero agradecer novamente por tudo que vocé representa para
mim, exemplo de vida e de professora, obrigada por vocé estar sempre comigo,
incondicionalmente, mas sempre me mostrando o caminho mais correto e a forma mais

humana de se agir!

A percep¢do do desconhecido é a mais fascinante das experiéncias. O homem que
ndo tem os olhos abertos para o misterioso passard pela vida sem ver nada.

Albert Einstein



RESUMO

O género Zaprionus tem sido eleito como um bom modelo bioldgico para estudos genético-
comparativos com as espécies do subgrupo melanogaster do género Drosophila, embora seu
posicionamento filogenético dentro da familia Drosophilidae ainda seja controverso. Na
presente Tese foi investigada a presenca de 10 elementos de transposicao (TES) em Zaprionus
indianus e Drosophila malerkotliana, bem como a distribuicdo, a atividade transcricional e as
relacdes evolutivas de trés retrotransposons (copia, gypsy e micropia) em sete espécies do
género Zaprionus. Para isso, foram empregadas as técnicas de Dot blot, PCR, RT-PCR e
sequenciamento. As seqliéncias obtidas foram comparadas as dos respectivos elementos das
demais espécies de drosofilideos disponiveis nas bases de dados genémicas. Os resultados
indicam que Z. indianus e D. malerkotliana apresentam em seus genomas todos os TEs de D.
melanogaster investigados. O retrotransposon copia foi seqlienciado e esta
transcricionalmente ativo nas sete espécies do género Zaprionus e constitui uma nova
subfamilia relacionada aos elementos do subgrupo melanogaster, que foi denominada
subfamilia GBFDouble-gap. Por outro lado, os retrotransposons gypsy e micropia foram
identificados nas espécies do subgénero Zaprionus, onde também estdo transcricionalmente
ativos, e pertencem as subfamilias j& descritas para as espécies do subgrupo melanogaster. As
analises evolutivas sugeriram que esses trés retrotransposons devem ter participado de eventos
de transferéncia horizontal com as espécies do subgrupo melanogaster e com pelo menos um
doador desconhecido, no caso do retrotransposon micropia. Além disso, o calculo dos tempos
de divergéncia dos elementos sugere que eles passaram por ondas de transferéncias
horizontais, mais antigas para o retrotransposon copia, e mais recentes para gypsy e micropia.
Esses resultados podem indicar que o fendmeno de transferéncia horizontal pontuou a
evolucdo das espécies do género Zaprionus e do subgrupo melanogaster algumas vezes
durante sua diversificacdo no continente africano.

Palavras-chave: elementos de transposi¢do, retrotransposon copia, retrotransposon gypsy,
retrotransposon micropia, Drosophila, Zaprionus, subgrupo melanogaster, transferéncia
horizontal, relagdes evolutivas.



ABSTRACT

The Zaprionus genus has been elected as a good biological model for comparative analyses
with the melanogaster subgroup of Drosophila genus, though its phylogenetic positioning
within the Drosophilidae family is still controversial. This study aiming at investigating the
occurrence of 10 transposable elements (TEs) in Zaprionus indianus and Drosophila
malerkotliana species, as well the distribution, transcriptional activity and evolutionary
relationships of three retrotransposons (copy, gypsy and micropia) in seven species of
Zaprionus genus. To do so, Dot blot, PCR, RT-PCR and sequencing methods were employed.
The Zaprionus sequences obtained were compared with the drosophilid sequences available in
genomic databases. The results indicated that Z. indianus and D. malerkotliana harbor all D.
melanogaster TEs investigated. The copia retrotransposon is present and transcriptionally
active in seven species of the Zaprionus genus and represents a new subfamily related to that
of the melanogaster subgroup, named as GBFDouble-gap subfamily. Additionally, gypsy and
micropia retrotransposons were identified in the Zaprionus species subgenus, which are
transcriptionally active and belong to the melanogaster subgroup subfamilies. The
evolutionary analysis showed the three retrotransposons could have been involved in
horizontal transfer events with species of the melanogaster subgroup for the three
retrotransposons and at least one unknown donor regarding to micropia retrotransposon.
Moreover, the time of divergence seems to indicate that the retrotransposons experienced
horizontal transfer waves, the oldest involving the copia element followed by the gypsy and
micropia retrotransposons in more recent times. These results suggest that the horizontal
transfer phenomenon has happened repeatedly during the Zaprionus genus and melanogaster
subgroup evolution in the Afrotropical region.

Keywords: transposable elements, copia retrotransposon, gypsy retrotransposon, micropia
retrotransposon, Drosophila, Zaprionus, melanogaster subgroup, horizontal transfer,
evolutionary relationships.
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1 INTRODUCAO GERAL

A genética de insetos tem sido amplamente estudada nas Ultimas decadas, tanto por
esses organismos causarem prejuizos a vida humana, apresentando-se como vetores de
doencgas ou pragas agropecuarias, quanto por comporem um rico objeto de estudo biologico
pelo alto nimero de espécies, pela riqueza de habitats que ocupam e pelos comportamentos
complexos que exibem. Insetos também se apresentam como bons organismos-modelo,
devido a conservacdo de mecanismos genéticos basicos, que possibilitam extrapolar os
conhecimentos obtidos para animais mais complexos e pela facilidade na realizacdo de
estudos populacionais, pois muitos deles ndo requerem complexo manejo durante
cruzamentos e producdo de linhagens.

A espécie Drosophila melanogaster destaca-se como um dos organismos-modelo
mais estudados, utilizada amplamente em analises de Genética Classica e Molecular e, de
Biologia do Desenvolvimento, dentre outras areas da Biologia, 0 que a tornou um dos
organismos invertebrados chave para o entendimento da heranca e transmissao da informacao
genética. Adicionalmente, D. melanogaster e as espécies do subgrupo melanogaster tém sido
usadas como modelo para estudos de processos ecoldgicos, comportamentais e filogenéticos
visando melhor compreender os processos que regem a evolugdo dos organismos eucariéticos,
e comprovando, dessa forma, a importancia do estudo de espécies relacionadas para a
elucidacdo de mecanismos evolutivos.

A amostragem e o estudo de espécies filogeneticamente menos relacionadas a D.
melanogaster também consiste em uma abordagem fundamental em estudos genético-
evolutivos. Dentre os drosofilideos estudados geneticamente, ndo pertencentes ao subgrupo
melanogaster, deve-se citar Drosophila pseudoobscura, espécie pertencente ao grupo
obscura, grupo irmdo de melanogaster, bem como Drosophila hydei e Drosophila virilis,
pertencentes a radiacdo virilis-repleta do subgénero Drosophila. Em relacdo aos estudos
desenvolvidos com as espécies da familia Drosophilidae, ndo pertencentes ao género
Drosophila, destacam-se aqueles que visam o entendimento da evolugcéo organica e gendmica
das espécies dessa familia, como, por exemplo, os que utilizam as espécies dos géneros
Scaptodrosophila, Scaptomyza e Zaprionus. Essas analises fornecem informacoes especificas
sobre as relacdes evolutivas da familia Drosophilidae e servem para 0 embasamento de
estudos genéticos mais amplos, focando processos genéticos mais conservados.

A presente tese reafirma a importéncia da inclusdo de espécies de diferentes géneros,

neste caso 0 género Zaprionus, como complemento na amostragem de estudos de evolucao
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molecular em Drosophilidae, mais especificamente, a evolugdo dos elementos de transposicéo
(TEs), evidenciando a riqueza de informacGes que podem ser obtidas pela ampliagdo do

numero de espécies focadas durante a analise cientifica.

1.1 Historia do género Zaprionus

O género Zaprionus pertence a familia Drosophilidae, que é uma das mais numerosas
e amplamente distribuidas da ordem Diptera. Com provavel origem tropical
(THROCKMORTON, 1975), Drosophilidae é composta por cerca de 4.000 espécies
classificadas em 69 géneros, dentre os quais, 0 género Drosophila € o mais diverso, com mais
de 2.000 espécies (MARKOW:; O’GRADY, 2005).

Segundo a classificagdo dos drosofilideos proposta por Throckmorton (1975), a
radiacdo Steganinae é a mais basal, incluindo as espécies dos géneros Steganina e
Leucophenga. Eventos de diversificacdo posteriores resultaram na radiacdo Scaptodrosophila,
bem como nas demais radiacBes que originaram os grupos de espécies de Drosophilidae.
Dentre esses grupos, esta a radiacdo Sophophora, que inclui as espécies do género
Chymomyza e do subgénero Sophophora, dentre elas, as do grupo melanogaster. Por ultimo,
aparece a radiacdo Drosophila, dividida em trés principais grupos de espécies: a radiacdo que
contém as espécies do grupo funebris, como Drosophila funebris, espécie-tipo do género
Drosophila; a radiagdo virilis-repleta, incluindo o grupo repleta e a radiagdo immigrans-
Hirtodrosophila, que agrupa as espécies dos grupos trinpunctata e cardini, bem como os
géneros Idyomia (drosofilas havaianas), Scaptomyza e Zaprionus.

Criticas foram feitas a classificacdo de Throckmorton, pois seus estudos néo
consideraram o conceito de monofilia, nem explicitaram os métodos filogenéticos nos quais
as andlises foram baseadas, impedindo sua repetibilidade (MARKOW; O’GRADY, 2005).
Dessa forma, andlises posteriores propuseram novas relagcdes entre os grupos de espécies de
Drosophilidae. Okada (1990) sugeriu que o género Drosophila deveria ser considerado
monofilético e as espécies dos outros géneros, como por exemplo, Zaprionus, Idiomya e
Hirtodrosophila deveriam ser colocadas fora dele. Apds esse trabalho, Grimaldi (1990)
construiu uma arvore filogeneética para espécies de Drosophila e seus géneros relacionados,
usando analise cladistica de 217 caracteres morfologicos de 120 espécies representativas. O
principal objetivo de sua analise foi construir uma classificagdo filogenética da familia
Drosophilidae e avaliar as hipoteses de Throckmorton (1975). A analise de Grimaldi (1990)

propds que os subgéneros Drosophila e Sophophora seriam clados irmaos e excluiu do género
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Drosophila os subgéneros Hirtodrosophila, Scaptomyza, Idiomya e Zaprionus. Essa proposta
contrasta com a de Throckmorton (1975), que prop6e uma divergéncia precoce do subgénero
Sophophora, que seria grupo irmdo de um taxon complexo que incluiria os subgéneros
Drosophila, Hirtodrosophila, Dorsilopha, Scaptomyza, ldyomia e Zaprionus.

Diversos estudos utilizando marcadores moleculares tém reavaliado as relacGes
filogenéticas de Drosophilidae (DE SALLE, 1992; PELANDAKIS; SOLIGNAC, 1993;
THOMAS; HUNT, 1993; KWIATOWSKI et al. 1994; REMSEN; DESALLE, 1998; RUSSO
et al., 1995; TATARENKOV et al. 1999; KWIATOWSKI; AYALA, 1999; ROBE et al.,
2005; DA LAGE et al., 2007; YASSIN et al., 2008a). Tendo como foco 0 género Zaprionus e
o0s subgéneros Sophophora e Drosophila, diferentes relacbes sdo propostas de acordo com 0s
marcadores moleculares analisados. Apesar das analises de DNA mitocondrial de De Salle
(1992) corroborarem a topologia proposta por Grimaldi (1990) e colocarem Zaprionus como
um grupo basal, que divergiu anteriormente a radiacdo Sophophora, do género Drosophila, a
maior parte das analises moleculares conflitam com as propostas de Grimaldi (1990). Thomas
e Hunt (1993) construiram uma arvore filogenética usando 11 seqiiéncias do gene alcool
desidrogenase (Adh) de diferentes géneros de drosofilideos e, nessa arvore, Zaprionus é
colocado no interior de um ramo, entre os subgéneros Drosophila e Sophophora. A mesma
relacdo filogenética foi obtida por Kwiatowski et al. (1994), Kwiatowski e Ayala (1999) e
Remsen e De Salle (1998) analisando os genes Adh, glicerol 3-fosfato desidrogenase (Gpdh) e
Cu e Zn superoxido dismutase (Sod). No primeiro trabalho foram utilizados como marcadores
genéticos sequiéncias do gene Sod, no segundo, sequéncias de Adh, Gpdh e Sod e, no terceiro,
uma combinacéo de informacdes morfoldgicas, marcadores nucleares e mitocondriais.

Um padrdo um pouco diferente, mas que também coloca Zaprionus dentro do género
Drosophila, foi encontrado por Pélandakis e Solignac (1993), Russo et al. (1995) e
Tatarenkov et al. (1999), em cujas arvores, as espécies do género sdo colocadas como um
ramo basal dentro do subgénero Drosophila, intimamente relacionado com os grupos desse
subgénero. Pélandakis e Solignac (1993), baseados em analises de sequéncias de RNA
ribossomal, propuseram que as espécies de Zaprionus seriam mais relacionadas as dos grupos
immigrans e repleta. Por outro lado, Russo et al. (1995) e Tatarenkov et al. (1999) néo foram
capazes de especificar qual grupo do subgénero Drosophila seria mais relacionado a
Zaprionus, usando varios marcadores combinados, entre eles, genes nucleares e
mitocondriais. Os dados de Robe et al. (2005) também corroboram uma relagdo mais intima
entre as especies de Zaprionus e do subgénero Drosophila, analisando os genes alfa metil-

dopa (Amd) e citocromo oxidase Il (COII).
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Em dois estudos recentes o gene Amyrel foi utilizado como marcador para a
reconstrugdo da historia da familia Drosophilidae. O primeiro incluiu mais uma vez o género
Zaprionus como constituinte basal do subgénero Drosophila (DA LAGE et al., 2007) e, 0
segundo, adicionando a analise o gene COIl|I e caracteres morfoldgicos, propds que Zaprionus
seria mais intimamente relacionado com Drosophila repletoides, do grupo tumiditarsus, que é
classificado basalmente no subgénero Drosophila (YASSIN et al., 2008a).

Os resultados obtidos em todos esses estudos ndo apontam um posicionamento exato
para as espécies do género Zaprionus, indicando que ainda sdo necessarias analises mais
refinadas e um numero maior de marcadores moleculares aliados aos dados morfoldgicos,
para que a reconstrucdo da histéria evolutiva desse género possa ser mais claramente
compreendida. Entretanto, parece estar surgindo um consenso de que a diversificacdo de
Zaprionus aconteceu apés a origem do subgénero Sophophora, tornado-o mais relacionado ao
subgénero Drosophila. Contudo, a relacdo filogenética exata entre Zaprionus e o subgénero
Drosophila ainda é motivo de especulagbes. A adequacdo da nomenclatura, elegendo o
subgénero Sophophora ao nivel de género e incluindo espécies de outros géneros, como
Zaprionus e Hirtodrosophila, no género Drosophila, ja foi proposta (DALTON, 2009). No
entanto, esse assunto ainda é matéria de amplo debate, por duas razGes. A primeira se deve ao
fato que, dependendo do gene utilizado, Zaprionus se agrupa com diferentes grupos de
espéecies do subgénero Drosophila. A segunda refere-se as dificuldades préaticas dessa
mudanca, como a substituicdo do nome especifico de mais de 1.000 espécies do subgénero
Sophophora, dentre elas D. melanogaster, uma espécie-modelo em varios ramos da Biologia,

que passaria a ser denominada Sophophora melanogaster.

1.2 Relagdes filogenéticas entre as espécies do género Zaprionus

O género Zaprionus foi descrito por Coquillet (1901), sendo que as espécies que 0
compdem sdo caracterizadas pela presenca de faixas brancas longitudinais na cabeca e no
mesonotum. As espécies desse género sdo divididas em dois subgéneros, de acordo com suas
origens geograficas. O subgénero Anaprionus é original da regido biogeogréafica Oriental e é
composto por 11 espécies, ja 0 subgénero Zaprionus apresenta 49 espécies e deve ter sido
originado na regido Afrotropical (OKADA; CARSON, 1983; YASSIN et al., 2008ab).

As relacBes filogenéticas entre as espécies do subgénero Anaprionus ndo tém sido
estudadas e apenas dois estudos focaram as relagbes evolutivas dentro do subgénero
Zaprionus (CHASSAGNARD; TSACAS, 1993; YASSIN et al., 2008a). A classificacao
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proposta por Chassagnard e Tsacas (1993) foi baseada em um Unico carater morfoldgico, a
ornamentacdo e posicionamento das cerdas na regido do mesonotum. Os resultados obtidos
permitiram a proposi¢do dos grupos inermis e armatus, esse ultimo subdividindo-se em trés
subgrupos: armatus, tuberculatus e vittiger.

No estudo filogenético mais recente, de Yassin et al. (2008a), um conjunto de
caracteres morfologicos (21 caracteres morfoldgicos binarios) e moleculares (2164 caracteres
nucleotidicos provenientes do gene nuclear Amyrel e do gene mitocondrial COIll) foi
analisado visando propor as relacdes evolutivas de 42 espécies do subgénero Zaprionus. Os
resultados obtidos corroboraram a proposta de monofilia do género Zaprionus e 0S grupos
inermis e armatus, bem como possibilitaram sugerir um arranjo de complexos dentro desses
dois grupos (Figura 1). O grupo inermis foi dividido em quatro complexos de espécies:
sexvittatus (duas espécies), ghesquierei (uma espécie), inermis (duas espécies) e tuberculatus
(cinco espécies). Adicionalmente, o grupo armatus foi dividido em nove complexos: litos
(uma espécie), montanus (duas espécies), armatus (oito espécies), megalorchis (duas
espécies), indianus (trés espécies), davidi (trés espécies), spinosus (cinco espécies), vittiger
(trés espécies) e lachaisei (sete espécies). A arvore apresentada na Figura 1 mostra apenas a
espécie Zaprionus indianus compondo o complexo indianus. As duas outras espécies que
compreendem o complexo indianus foram descritas em um estudo molecular que permitiu a
identificacdo de Zaprionus africanus e Zaprionus gabonicus, espécies cripticas e altamente
relacionadas a Z. indianus, dados confirmados por andlises de isolamento reprodutivo e de
morfometria (YASSIN et al., 2008b).

Yassin et al. (2008a) também propuseram a data de origem do género Zaprionus,
equivalente aos periodos medio e tardio do Mioceno (cerca de 10 milhdes de anos atras), e
corroboraram sua origem na regido Oriental e posterior diversificacdo do subgénero
Zaprionus na regido Afrotropical.

Os estudos sobre a origem e as relagbes filogenéticas das espécies do género
Zaprionus indicam que sua diversificacdo aconteceu contemporaneamente com a evolucéo
das espécies do subgrupo melanogaster de Drosophila (YASSIN et al., 2008a). Esses dados,
aliados ao conhecimento da diversidade ecoldgica, da riqueza de espécies e a facilidade de
coleta e manutencdo das espécies em culturas laboratoriais, permitiram a esses autores
elegerem o género Zaprionus como um bom modelo para estudos genéticos comparativos

com as espécies do subgrupo melanogaster.
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Figura 1. Filogenia do género Zaprionus proposta por Yassin et al. (2008a) baseada em
caracteres morfolégicos e moleculares construida pelo método “morphological grafting”.
Caracteres morfoldgicos foram analisados para todas as espécies amostradas. Os ramos em
vermelho indicam as espécies estudadas também com dados moleculares.
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1.3 Os elementos de transposi¢ao do género Zaprionus

Os elementos de transposi¢do sdo componentes significativos do genoma de todos 0s
seres Vvivos, e apresentam extrema diversidade nos modos de transposicdo e na variabilidade
de seqliéncias (WICKER et al., 2007). Sua importancia bioldgica esta relacionada & producao
de variabilidade genética nos genomas hospedeiros, por poderem gerar mutacGes génicas
(O’HARE et al., 1984; AQUADRO et al., 1986; JORDAN et al., 2003; ALMEIDA et al.,
2008; LOPES et al., 2008) e alteracdes cromossomicas (KIDWELL et al., 1977; LANGLEY
et al., 1988, MONTGOMERY et al., 1991), desempenhando assim, um papel chave como
mediadores da evolugdo molecular (MCDONALD, 1990; KIDWELL,; LISCH, 1997).

A classificagdo mais recente dos elementos de transposicdo se baseia no sistema
hierarquico de agrupamento, levando em consideracdo caracteristicas estruturais como a
presenca de dominios enzimaticos e a diversidade de sequéncias (WICKER et al., 2007). Esse
sistema inclui classes, subclasses, ordens, superfamilias, familias e subfamilias. Dessa forma,
os TEs sdo divididos em duas classes: a Classe 1, abrigando os elementos que se replicam via
um RNA intermediério (também denominados retrotransposons); e, a Classe Il, onde estdo
inclusos os elementos que se mobilizam via DNA, diretamente pela excisdo e posterior
insercdo em novas posicdes nos genomas (transposons). A classificagdo em subclasses se
refere ao tipo de enzimas que realizam a transposicao, colocando os retrotransposons em uma
Unica subclasse, devido a transposicdo mediada pela transcriptase reversa, e 0s transposons
em duas subclasses diferenciadas, os elementos que se transpdem com auxilio da enzima
transposase e os Helitrons e Mavericks, elementos que se mobilizam com auxilio de enzimas
como a DNA helicase e a tirosina recombinase.

As superfamilias de elementos de transposi¢do sdo caracterizadas pela estratégia de
replicacdo e pelo compartilhamento de proteinas e regides ndo codificantes; como por
exemplo, a superfamilia copia, que se caracteriza pelo arranjo das enzimas integrase-
transcriptase reversa-RNAseH, no dominio poliproteico. Por fim, as classificacdes de familias
e subfamilias sdo dadas pelo nivel de conservacdo das sequéncias de DNA, promovendo a
identificacdo das relagOes entre seqiéncias que compartilham ancestrais mais recentes.
Elementos de uma mesma familia apresentam ao menos 80% de similaridade em sequéncias
codificantes ou reguladoras maiores que 80 pb, como por exemplo, as familias copia e gypsy
de Drosophilidae; por sua vez, as subfamilias sdo compostas por subpopulacfes de

seqliéncias, claramente segregadas em analises filogenéticas, como demonstrado para a
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familia gypsy, amplamente distribuida em espécies da familia Drosophilidade, que é formada
por 10 subfamilias (HEREDIA et al., 2004; LUDWIG et al., 2008).

As espécies da familia Drosophilidae tém sido alvo de inumeros estudos sobre
conteudo, diversidade, regulacdo e mecanismos de transposicdo de seus TEs. Contudo, a
maior parte do conhecimento adquirido sobre essas sequéncias foi obtida por meio de estudos
com D. melanogaster e outras espécies do género Drosophila, fornecendo informagdes sobre
a dindmica transposicional e os mecanismos evolutivos que os mantém nos genomas. Além
disso, 0 seqlienciamento e a anotagdo do genoma de 12 espécies de Drosophila
(http://rana.lbl.gov/drosophila), aumentaram significativamente a quantidade de informacao e
a gama de possibilidades para o estudo dos TEs nessas espécies, principalmente estudos
comparativos, que permitem analisar a evolucdo, a atividade e a dindmica de manutengéo
dessas sequiéncias nos genomas hospedeiros.

Embora muitos trabalhos se refiram aos elementos transponiveis de D. melanogaster e
de outras espécies do mesmo género, praticamente ndo existem informacbes sobre a
diversidade, a estrutura e a dindmica dos elementos transponiveis nos demais géneros de
Drosophilidae, como por exemplo, no género Zaprionus. Estima-se que existam cerca de 96
familias de TEs apenas no genoma de D. melanogaster (KAMINKER et al., 2002), no
entanto, foram identificados e superficialmente estudados apenas cinco elementos de
transposicdo em todo o género Zaprionus, que é composto por pelo menos 60 espécies
(OKADA; CARSON, 1983; YASSIN et al., 2008ab). Dentre os TEs descritos encontram-se
quatro retrotransposons (1731, 412, gypsy e copia) e um transposon (mariner), estudados em
uma ou poucas espécies, em cada trabalho.

O retrotransposon copia € um dos elementos melhor caracterizados na familia
Drosophilidae. Existem informagdes sobre sua distribuicio (BIEMONT; CIZERON, 1999),
regulagdo mediada pelo hospedeiro (CAVAREC; HEIDMANN, 1993; BHADRA et al., 1999;
CAVAREC et al., 1994; TULIN et al., 2002; ARAVIN et al., 2003; KAWAMURA et al.,
2008) e seu impacto nos genomas onde esta inserido (O’HARE et al., 1984; AQUADRO et
al., 1986; STRAND; MCDONALD, 1989; MEVEL-NINIO et al., 1989). McDonald et al.
(1997) publicaram uma sequiéncia da regido LTR-ULR (do Inglés, Long Terminal Repeat) do
retrotransposon copia de Zaprionus tuberculatus (subgénero Zaprionus, grupo armatus,
complexo tuberculatus), demonstrando a conservacdo de seus motivos reguladores quando
comparados com os do elemento de D. melanogaster. Posteriormente, Almeida e Carareto
(2006) utilizaram essa sequéncia numa andlise da histéria evolutiva de copia envolvendo as

espéecies dos grupos melanogaster e repleta, Drosophila willistoni e Z. tuberculatus. As
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relacOes filogenéticas e a alta similaridade entre as sequéncias de Z. tuberculatus, de D.
willistoni e do grupo melanogaster, foram utilizadas na inferéncia da ocorréncia de um evento
de transferéncia horizontal entre essas espécies.

Outro representante da superfamilia copia, o retrotransposon 1731, também foi
estudado no género Zaprionus. Sua presenca foi identificada em Zaprionus ornatus
(subgénero Zaprionus, grupo armatus, complexo megalorchis) por meio da marcacdo em
Squash blot, com o objetivo de demonstrar a ampla distribuicdo de 1731 em Drosophilidae,
corroborando a hipdtese de origem ancestral nessas espécies (MONTCHAMP-MOREAU et
al., 1993).

O retrotransposon 412 é amplamente distribuido em Drosophilidae, indicando uma
longa histdria evolutiva nessas espécies (CIZERON et al., 1998). Também tem sido sugerido
que a transposicdo desse elemento sofre controle do hospedeiro (MUGNIER et al., 2005). Sua
identificacdo em Z. tuberculatus foi realizada por meio das técnicas de Southern blot e
Hibridacdo in situ, que indicaram altos nimeros de insercdes e conservacdo com a sonda do
elemento 412 de D. melanogaster (CIZERON et al., 1998).

Gypsy foi classificado como um retrotransposon pertencente a superfamilia dos
errantivirus, devido a presenca de um gene que codifica uma proteina similar a do envelope
viral, proporcionando caracteristicas infecciosas a esses TEs (MEJLUMIAN et al., 2002;
HEREDIA et al., 2004). Esse elemento foi isolado em Z. indianus (subgénero Zaprionus,
grupo armatus, complexo indianus) por Heredia et al. (2004) a partir de uma seqiiéncia de
cerca de 500 pb do envelope. Neste trabalho foram sugeridos varios casos de transferéncia
horizontal entre as espécies da familia Drosophilidae, entre eles, um evento de transferéncia
de Drosophila simulans para Z. indianus, que teria ocorrido a cerca de 2,2 milhdes de anos.

Todos os estudos citados acima identificaram a presenga apenas de retrotransposons
nas espécies do género Zaprionus. Por sua vez, dentre os representantes da classe 11 da familia
Drosophilidae, apenas um TE foi estudado em Zaprionus, 0 transposon mariner
(MARUYAMA; HARTL, 1991; BRUNET et al., 1999). A presenca desse elemento foi
verificada por meio de Southern blot em Zaprionus sepsoides (subgénero Zaprionus, grupo
armatus, complexo tuberculatus), Zaprionus ghesquierei (subgénero Zaprionus, grupo
inermis, complexo ghesquierei) e Z. indianus (MARUYAMA; HARTL, 1991). No mesmo
estudo, esse elemento foi sequenciado em Z. tuberculatus, sendo que sua sequéncia
demonstrou alta similaridade (97%) com a de Drosophila mauritiana, sugerindo que esses
transposons compartilham um ancestral comum mais recente do que as espécies e que podem

ter sido envolvidos em um evento de transferéncia horizontal (MARUYAMA; HARTL,
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1991). Brunet et al. (1999) demonstraram também que Zaprionus verruca (subgénero
Zaprionus, grupo inermis, complexo tuberculatus) possui o transposon mariner em seu
genoma e que essa seqiiéncia pertence ao mesmo grupo do elemento de Z. tuberculatus; além
disso, o sequenciamento do mariner de Z. indianus demonstrou que ele é mais relacionado
aos elementos de Drosophila fima do que aos elementos das outras espécies do género
Zaprionus.

Embora os dados existentes sobre a presenca e a evolucdo de elementos de
transposicdo nos genomas do género Zaprionus Sejam escassos e pontuais, os resultados
demonstram uma ampla distribuicdo de TEs e sugerem que mais de um tipo de mecanismo
evolutivo tenha moldado sua presenca e diversificacdo nessas espécies. Esse padrdo sugere
ainda que a ampliacdo desses estudos pode gerar resultados importantes para o entendimento
e a proposic¢ao de mecanismos que regem a evolucao dos TEs em Drosophilidae.



2 OBJETIVOS
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2 OBJETIVOS

O objetivo geral desta Tese foi estudar a distribuicéo e inferir a historia da transmisséo
de elementos de transposi¢do no género Zaprionus, um dos grupos de espécies da familia
Drosophilidae pouco estudados até o momento, visando contribuir para o entendimento da
dindmica evolutiva dessas sequéncias repetitivas nos genomas hospedeiros eucaridticos. A

busca pelo objetivo geral foi mediada pelos seguintes objetivos especificos:

=

Identificar elementos de transposi¢do representativos das classes dos retrotransposons

e dos transposons em Z. indianus;

2. Selecionar trés elementos de transposigédo dentre os identificados em Z. indianus, para
avaliar a distribuicdo e a atividade transcricional em sete espécies do género
Zaprionus;

3. Seguenciar parcialmente os trés elementos selecionados em todas as espécies nas quais
eles foram identificados, e;

4. Avaliar as relagGes filogenéticas entre as sequéncias obtidas e as disponiveis nas bases

de dados gendmicas.

Os resultados obtidos foram organizados na forma de capitulos que correspondem a
uma publicagdo e trés manuscritos, os quais focam a identificacdo de elementos de
transposicdo de Z. indianus e Drosophila malerkotliana (Capitulo 1), uma revisdo sobre o
retrotransposon copia na familia Drosophilidae (Capitulo 1), o estudo do retrotransposon
copia no género Zaprionus (Capitulo IlIlI) e uma analise da transmissdo dos
retrotransposons gypsy e micropia no género Zaprionus (Capitulo 1V), sendo que os dois
ultimos capitulos se referem a estudos comparativos com outras espécies da familia

Drosophilidae.



3 CAPITULO I
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terrestres (Branddo, C.R., and E.M. Cancello, eds.), pp. 245-261; Tosi, D., M. Martins, C.R. Vilela,
and M.A.Q.R. Pereira 1990, Braz. J. Genet. 13: 19-31; Val, F.C., and M.D. Marques 1996, Pap.
Awvul. Zool. 39: 223-230; Val, F.C., C.R. Vilela, and M.D. Marques 1981, In: The Genetics and
Biology of Drosophila (Ashburner, M., H.L. Carson, and J.N. Thompson, Jr., eds.), pp. 123-168;
Valente, C.R., 2006, In: Natureza viva cerrado: caracterizacdo e conservacao (Guimardes, L.D.,
M.A.D. Da Silva, and T.C. Anacleto, eds.) pp. 20-44; Vilela, C.R., 1983, Rev. bras. Ent. 27: 1-114;
Wheeler, M.R., and M.P. Kambysellis 1966, Univ. Texas Publs. 6615: 533-565.

Screening for transposable elements in South America invasive species Zaprionus
indianus and Drosophila malerkotliana.

de Setta, N. and C.M.A. Carareto. UNESP — Universidade Estadual Paulista, Sdo
José do Rio Preto, SP, Brazil; e-mail: carareto@ibilce.unesp.br

Transposable elements (TEs) have usually been studied focusing on distribution, structure,
activity and evolution. Such analyses primarily aim at understanding the impact of TEs in the genetic
dynamics and evolution of the host genomes. A kind of impact analysis that has not been enough
explored is to look at genomic dynamics of TEs under stressful conditions, like environment invasion
and colonization. According to the “wake-up” hypothesis (Vieira et al., 1999), there is a tendency of
mobilization intensification in colonizing populations resulting in an increasing of copy number. An
example is given by the comparison between D. melanogaster and D. simulans, two cosmopolitan
sibling species. D. melanogaster has dispersed around the world some centuries before D. simulans
(Capy and Gilbert, 2004) and among 34 transposable elements analyzed, D. melanogaster appears to
have higher insertion site numbers than D. simulans for 29 TEs when populations of America, Asia,
Europe, Australia and Africa, the last one being the native place of both species, are compared
(Vieiraetal., 1999).

Besides D. melanogaster and D. simulans, numerous other Drosophilidae were able to invade
new habitats and had recently colonized the Brazilian territory mainly by antropic activity; among
them, Zaprionus indianus (from Africa) and D. malerkotliana (from Asia). Zaprionus indianus was
first collected in 1998, in a fig culture at Valinhos city, Sao Paulo (Vilela, 1999), and now it can be
collected in several regions of Brazil (Vilela, 1999; Castro and Valente, 2001; Kato et al., 2004),
Uruguay (GoOni et al., 2002), and southern North America (van der Linde et al., 2006). D.
malerkotliana has invaded South America in the 1970’s decade (Val and Sene, 1980) and nowadays
it is frequently collected in southern Brazil. The recent invasion of a continent by a species provides
a useful tool for studying the dynamics of TEs during colonizing stress, because we can monitor
populations since the first steps of introduction. To do that, it is necessary to accumulate information
about distribution, history, and dynamics of its transposable elements. The goal of this study was
then to make an initial search for transposable elements in Z. indianus and D. malerkotliana genomes
to guide further studies on these invasive species.

Seven retrotransposons were searched (copia, mdg-1, 412, gypsy, 297, micropia, and
roo/B104), two non-LTR retrotransposons (jockey and doc), and one transposon (bari-1) in a
Brazilian population of Z. indianus (Mirassol, SP) and D. malerkotliana (Onda Verde, SP) by the Dot
blotting method. The probes were prepared by two different methods: (1) PCR reactions were
performed in 25 ul using approximately 50 ng of each TE plasmid, 0.4 uM of each specific primer
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(Table 1), 200 mM of dNTPs, 1.5 mM of MgCl, and 1U of Taq Platinum Polymerase (Invitrogen) in
1x PCR buffer; for amplification we used an initial denaturation step of 3 min at 94°C, 30 cycles
consisting of 30 sec at 94°C, 30 sec at 56°C and 1 min at 72°C, finally a additional extension step of
10 min at 72°C were performed; (2) 5 ug of each plasmid was digested with appropriate restriction
enzymes (Table 1). The fragments were isolated from agarose 1% gels, purified using GFX PCR
DNA and Gel Band Purification (GE Healthcare), and probed using Gene Images Random Prime
Labelling Module (GE Healthcare) according to the manufacturer’s instructions. For screening the
TEs, 8 mg of genomic DNA from each strain was dropped in the Hybond N+ nylon membranes (GE
Healthcare). For hybridization and detection we used the chemioluminescent hybridization system
Gene Images (GE Healthcare) at high stringency (60°C) according to the manufacturer’s instructions.
Ultra pure water and 1 mg of each plasmid were used as negative and positive controls, respectively.

Table 1. Plasmids, primers and restriction enzymes used to prepare probes for detection of
transposable elements in Z. indianus and D. malerkotliana.

Element Plasmid*  Probe . o Probe
type Primers / Restriction enzymes extension
copia - pT7EA PCR LTR-5'CTATTCAACCTACAA AAATAACGS3 439 bp
PCS-5"ATTACGTTTAGCCTTGTCCAT3

2813-5"TTAACTCCTAGAGTTCATCGCTGG3’

micropia - dhMiF2 PCR 5814.5°CATGTACCTGGTTAACTACTGACCY 207 bP
aypsy - pGGHS oCR GMO03-5 GTACTGAACATTATCAGAATCS' 542 bp
GMO004-5 TCTAAGGAGTCCTCTGCAAGG3

412 - pBR322 Fies”'c“on Hind 111 ~850 bp
ragment
Restriction

297 - pBR322 raoment EcoRl ~2,3kb

mdg-1 - pBR322 Resmction Eco RI/ Hind Ill ~1,2 kb
ragment

roo/ B104 - pBR322 Fies"'c“on Eco RI / Hind Ill ~2,3 kb
ragment

doc - pBspt Kst Restriction Eco RI/ Hind Ill ~800 kb
ragment

jockey - puC19 Restriction Eco RI/ Hind Ill ~1,5 kb
ragment

bari-L - puCa oCR Brl —5' ATTCGTCGCAGGCTAAAAGA 3 703 bp

Br2 - 5" TTGTAACACCACCTTTGGCA 3

! Plasmid source: copia and 412 — E. Loreto (UFSM, Santa Maria, RS, Brazil); gypsy - D. Dorsett
(Memorial Sloan-Kettering Cancer Center, USA); micropia — D.H Lankenau (University of Heidelberg,
Heidelberg, Germany); 297, mdg-1, roo/B104 and doc — C. Vieira (Université Lyon I, Lyon, France);
Jjockey — D.J. Begun (University of California, Davis, USA); bari-1 — R. Caizzi (Universidade de Bari,
Bari, Italia). > TE sequences inserted into plasmids were derived from:D. melanogaster (p77E4,
pGGHS, pBR322, pBspt Kst, puC19 and puC8) and D. hydei (dhMiF2).

The 10 TEs investigated were identified in both Z. indianus and D. malerkotliana; however,
the distribution of sequences homologous to these elements showed different hybridization signals,
varying from very strong to weak signals (Figure 1).

The distribution of transposable elements of Z. indianus and D. malerkotliana is in agreement
with the few data previously reported. Among the TEs here analyzed, only gypsy had been searched
in Z. indianus (Heredia et al., 2004), and the authors proposed that this retrotransposon was received
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from D. simulans through an event of horizontal transfer. Likewise, our result showed a strong
homology between gypsy probe from D. melanogaster and Z. indianus sequences, reinforcing the
previous data, since D. melanogaster and D. simulans are sibling species and their gypsy sequences
are highly similar (Heredia et al., 2004). D. malerkotliana had just been studied for copia and 412
occurrences. Copia had been identified by weak in situ hybridization signal on the chromocenter
(Biemont and Cizeron, 1999), and 412 had also been shown on the chromocenter both by in situ
hybridization and Southern blotting (Cizeron et al., 1998). Our analysis showed that copia and 412
are components of D. malerkotliana genome, but the hybridization signals obtained are also very
weak, suggesting that both TEs of D. malerkotliana have low homology with those of D.
melanogaster.

Figure 1. Dot blotting analysis of the transposable elements copia, mdg-1, 412, gypsy, 297, micropia,
roo/B104, jockey, doc and bari-1 in Z. indianus (Zind) and D. malerkotliana (Dmal). (—, negative
control; +, positive control).

The results here presented show for the first time the occurrence of several transposable
elements in two species scarcely studied in this respect. Except for doc and gypsy in Z. indianus and
doc, micropia and bari-1 in D. malerkotliana, all the analyses produced weak hybridization signals
(Figure 1), which suggest that these TEs are divergent from those of D. melanogaster and D. hydei
(for micropia) and they should have evolved vertically, accumulating nucleotide variation since the
last common ancestor. On the other hand, doc and gypsy of Z. indianus and, doc, micropia and bari-
1 of D. malerkotliana have shown remarkably strong hybridization signals (Figure 1). Further
analysis could test which is the most parsimonious hypothesis to explain that high homology between
Z. indianus / D. malerkotliana and D. melanogaster / D. hydei sequences, if horizontal transfer of
these elements between these species or any other alternative factor that can explain high similarity
between elements of distantly related species (for example, Almeida and Carareto, 2005; Setta et al.,
2007). This report is the first step of a study regarding the dynamics of transposable elements in the
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invasive species Z. indianus and D. malerkotliana and will be used for selecting candidate TEs for
more detailed studies.
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Introduction

Photosensitizers such as xanthene derivatives (e.g., phloxine B) and porphyrins (e.g.,
hematoporphyrin 1X) are endowed with photoinsecticidal properties. Xanthene derivatives showed
acute photo-toxicity against several dipterans (Ben Amor and Jori, 2000, Berni et al., 2002, 2003).
Pujol-Lereis (2006) compared the photo-toxic effect of phloxine B (PhB) during the postembryonic
development of D. melanogaster (Dm), Haematobia irritans, and Ceratitis capitata, and determined
that Dm is affected during larval development. Low concentrations of hematoporphyrin (HP) rapidly
decrease adult survival rates of Ceratitis capitata, Bactrocera (Dacus) oleae, and Stomoxys calcitrans
(Ben Amor et al., 1998, 2000).

Photosensitizer molecules react upon absorption of visible radiation with the subsequent
formation of reactive oxygen species, mediating signaling cascades which either fortify antioxidant
defenses of cells or switch to apoptotic death if oxidative pressure is too great (Girotti, 1998). There
are two mechanisms by which the photosensitizer can react with biomolecules: type | reactions
produce highly reactive oxygen species (e.g., the superoxide and the peroxide anions) which usually
activate enzymatic antioxidant defense, and type Il reactions result in the formation of singlet
oxygen, leading mainly to lipid peroxidation. Studies of the effects in immature stages were carried
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Resumo

O retrotransposon copia foi um dos primeiros elementos de transposicdo identificados em
Drosophila melanogaster e, desde sua descoberta, tem sido alvo de diversos estudos que
objetivaram compreender sua histéria evolutiva, o impacto de sua presenca e os fatores que
determinam a sua dinamica transposicional e manutencdo nos genomas de Drosophila.
Amplamente distribuido na familia Drosophilidae, o retrotransposon copia produz
variabilidade genética observavel em nivel fenotipico e é regulado por sistemas que controlam
explosdes transposicionais, promotoras de efeitos deletérios, entre eles, 0 mecanismo de RNA
de interferéncia. Desse modo, esta revisdo tem como objetivo sintetizar o conhecimento
acumulado sobre esse elemento e discutir novos caminhos para a busca do entendimento do
papel desse retrotransposon nos genomas hospedeiros.

Palavras-chave

Retrotransposon copia — Drosophila — elementos de transposicao — Drosophila melanogaster
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4.1 Introducgéao

O retrotransposon copia tem sido amplamente estudado ao longo das ultimas trés
décadas com o objetivo de se compreender sua estrutura, funcionamento e evolugdo em
espécies do género Drosophila, mais especificamente em Drosophila melanogaster. Dentre 0s
estudos pioneiros destaca-se o de Finnegan et al. (1978) que descreve a historia da descoberta
dos “genes” copia a partir de um plasmideo (Dm1142), integrante de uma biblioteca de
cDNAs, que apresentava 30 a 40 sitios de hibridacdo em cromossomos politénicos de D.
melanogaster. Os autores reportaram a presenca de seqiiéncias “terminais redundantes” de
cerca de 300 pb localizadas nas extremidades dos mRNAs produzidos. Essas repeti¢des
corresponderiam as repeticfes terminais longas (LTRs) tdo bem caracterizadas atualmente e
de extrema importancia para a regulacéo desse retrotransposon. De acordo com os autores, as
LTRs propiciariam a mobilizacdo por meio de eventos de recombinacdo e/ou da excisdo do
complexo, seguidos pela replicacdo e reintegracdo em outra posicdo cromossémica. No
entanto, varias ressalvas foram feitas, pois os autores consideraram que aquela discussdo era
de natureza especulativa, pois existiam “somente evidéncias indiretas da existéncia de
elementos de transposicdo nos genomas eucarioticos” fazendo referéncia aos artigos de
McClintock (1957) e Homuzi e Tonegawa (1976), que relatavam a presenca de elementos
com capacidade de mobilizacdo em milho e camundongo, respectivamente.

Desde entdo, tem-se demonstrado que 0 retrotransposon copia é um componente
medianamente repetido do genoma de D. melanogaster (BOWEN; MCDONALD, 2001;
MUGNIER et al.,, 2008) e que se mobiliza em tecidos e estagios especificos do
desenvolvimento podendo produzir variabilidade genética perceptivel fenotipicamente. Essa
mobilizacdo é regulada pelo hospedeiro por meio de mecanismos que ainda ndo s&o
completamente compreendidos. Nesta revisdo, apresentamos uma sintese do conhecimento
sobre a estrutura, dinamica funcional, impacto e evolucdo do retrotransposon copia em
espéecies de Drosophila, como também, procuramos encontrar possiveis respostas para
questdes ainda ndo solucionadas, tais como: (i) qual seria sua origem no género Drosophila?
(if) que mecanismo confere ao copia uma expressdo estadio-especifica e qual seria sua
importancia na relagdo retrotransposon-hospedeiro? e, (iii) como ocorre a regulacdo da
transposicdo pelos organismos hospedeiros, impedindo altas taxas de transposicdo? Essas
questdes serdo discutidas focando a importancia da regulacdo mediada pelo hospedeiro para a

dindmica transposicional do retrotransposon copia em espécies do género Drosophila.
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4.2 Classificagéo e Distribuigdo

A mais recente classificacdo dos elementos de transposi¢cdo (WICKER et al., 2007)
inclui o retrotransposon copia na Classe | e Ordem LTR, entre os elementos que se mobilizam
via um RNA intermediario e apresentam LTRs, respectivamente. Mais especificamente, esse
retrotransposon nomeia a superfamilia copia, caracterizada pelo arranjo das enzimas do
dominio poliprotéico na sequéncia Integrase-Transcriptase reversa-RNAseH. Além do
elemento copia, a superfamilia agrupa outros retrotransposons presentes nos principais ramos
dos eucariotos, como por exemplo, 1731 de Drosophila (PERONNET et al., 1986), Tyl de
levedura (CAMERON et al., 1979), Tpal do anfibio Pyxicephalus adpersa (FLAVELL et al.,
1995), Tcsl de iguana (FLAVELL et al., 1995), Tntl de tabaco (GRANDBASTIEN et al.,
1989), Retrosol de batata (MANETTI et al., 2007) e Retrolycl de tomate (COSTA et al.,
1999).

Vaérios estudos foram realizados para delimitar a presenca de copia na familia
Drosophilidae (Tabela 1, Figura 1). Os resultados demonstraram que copia € amplamente
distribuido no género Drosophila, no entanto, foi impossivel identificd-lo nas drosofilas
havaianas (género Idyomia), no grupo virilis e Chymomyza procnenis. Essa distribuicéo
heterogénea pode ser mais ampla, pois existem diversos grupos de Drosophila onde a
ocorréncia desse retrotransposon nao foi ainda investigada. Adicionalmente, copia esta
ausente em outras espécies de dipteros analisadas, tais como em Musca domestica,
Sarcophaga bullata e Ephydra cineria (MARTIN et al., 1983), bem como, nas mariposas
Bombyx mori e Antheraea yamamai e nas abelhas Apis mellifera e Apis cerana (KIMURA et
al., 1993).

Trés hipoteses tém sido formuladas para explicar a descontinuidade na distribuigdo de
copia em Drosophilidae: (1) falha na deteccdo devido a divergéncia da sequéncia do
retrotransposon, (2) presenca do elemento no ancestral seguida por perda estocastica em
algumas espécies e, (3) auséncia do retrotransposon no ancestral, e introducdo horizontal nas
espécies onde foi possivel sua identificacdo (MARTIN et al., 1983). Se esse retrotransposon
estivesse ausente no ancestral da familia, duas hipoteses alternativas ainda poderiam ser
propostas: primeiro, copia poderia ter sido inserido em Drosophilidae por um evento de
transferéncia horizontal (HT) a partir de um doador externo, e se disseminado por
transferéncia vertical, horizontal ou introgresséo e; segundo, sua introdugdo poderia ter
acontecido por repetidos eventos de HT com um ou véarios doadores externos. Os estudos

realizados até o momento ndo permitiram inferir quais dessas hipoOteses se aplicam



34

preferencialmente aos passos iniciais da sua diversificacdo na familia Drosophilidae,
entretanto, ha evidéncias de que a historia desse elemento foi marcada tanto por eventos de
transmisséo vertical como de HT para os grupos melhor caracterizados, isto &, 0s grupos
melanogaster e repleta de Drosophila e o género Zaprionus (JORDAN; MCDONALD, 1998;
JORDAN et al., 1999; ALMEIDA; CARARETO, 2006; DE SETTA et al.,, dados ndo
publicados).

4.3 Estrutura

A seqliéncia completa do retrotransposon copia apresenta cerca de 5 kb e foi
inicialmente isolada em D. melanogaster por Emori et al. (1985). E similar aos retrovirus,
sendo composta por LTRs em suas extremidades, uma regido transcrita ndo-traduzida (ULR,
do Inglés, Untranslated Leader Region) e uma unica ORF (do Inglés, Open Reading Frame)
que codifica todas as proteinas necessarias a transposicdo (Figura 2A). Sua insercdo €
aleatoria e gera uma duplicacdo de 5 pb no sitio alvo do genoma hospedeiro (DUNSMUIR et
al., 1980). A regido codificante pode ser dividida em dois dominios protéicos diferenciados:
gag e pol. O dominio gag, localizado na regido 5’ da ORF, codifica uma proteina semelhante
aos capsideos virais (VLPs, do Inglés, virus-like particles) e uma protease aspartica
(ATHAUDA et al., 2006), enquanto o dominio poliprotéico (pol) codifica trés sitios
enzimaticos responsaveis pela replicacdo: a integrase (DNA endonuclease), a transcriptase
reversa e a ribonuclease H.

As LTRs do elemento canénico de D. melanogaster estdo caracterizadas na Figura 2B
e na Tabela 2. Essas seqiiéncias apresentam 276 pb de comprimento e sdo subdivididas em
trés regibes U3, R e U5 (Figura 2B). Tanto a ULR, quanto as LTRs, abrigam sequéncias
reguladoras tipicas de genes eucaridticos que intensificam ou reprimem a expressao de
maneira estadio e tecido-especifica. Dentre 0os motivos reguladores presentes na regido 5’
LTR-ULR, estdo sitios basicos da transcricdo e tradugdo, como o sitio de iniciacdo da
transcricdo, o sinal de poliadenilacdo e a regido de ligacdo do iniciador da tradugéo
(RNAM), que delimitam as regides de producdo de RNAm e polipeptideos (MOUNT;
RUBIN, 1985). Outros sitios de ligacdo de fatores reguladores também ja foram identificados
na regido da ULR, como por exemplo, a diade simétrica intensificadora homéloga ao virus
SV40 (Simiam virus 40), sitios de ligacdo das proteinas reguladoras DmC/EBP - CBF-1,
9.2.1AB e BBF-2 e homeodominios de ligagdo de proteinas Antennapedia e Engrailed
(CAVAREC; HEIDMANN, 1993; WILSON et al., 1998). Adicionalmente, na regido U3
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existem duas repeti¢fes palindromicas imperfeitas, que sdo 60 a 70% homologas a um sitio de
ligacdo de um fator de transcricdo da RNA polimerase Il presente na regido promotora do
gene hsp-70 (heat shock), os quais podem estar relacionados a regulacdo de copia em
condicdes de estresse ambiental (STRAND; MCDONALD 1985).

A estrutura béasica de copia tem sido observada nos elementos isolados até o0 momento,
no entanto, existe variabilidade inter- e intra-especifica, principalmente na regido LTR-ULR
(JORDAN; McDONALD, 1998; ALMEIDA; CARARETO 2006). Por exemplo, existem trés
subfamilias de copia em oito espécies grupo melanogaster - Full-length (copia canénico),
ULR-gap e Double-gap. As trés subfamilias podem ser diferenciadas estruturalmente pela
presenca de duas duplicacdoes de 39 pb e 28pb, na LTR e ULR, respectivamente, sendo que a
subfamilia Full-length apresenta as duas duplicacdes, a ULR-gap possui apenas a duplicacao
na LTR e a Double-gap nédo possui qualquer das duas sequéncias duplicadas (MCDONALD
et al., 1997; JORDAN; McDONALD, 1998). Tal variabilidade promove a duplicacdo da
repeticdo imperfeita e da diade simétrica homéloga ao SV40 (Figura 2B). O processo que
originou essas variantes ainda ndo foi claramente entendido, mas mecanismos dependentes de
homologia, como derrapagem da polimerase durante a replicagdo, recombinacdo desigual
entre cromossomos homologos ou ainda erros na incorporacdo de nucleotideos durante a
transcricdo reversa podem ter sido os responsaveis pelas duplicacdes (JORDAN;
McDONALD, 1998). Adicionalmente, as relac6es filogenéticas e a divergéncia nucleotidica
entre as trés subfamilias indicam que Double-gap é a mais ancestral, seguida pela ULR-gap e
Full length. Anélises da capacidade de intensificacdo da expressao pelas diferentes variantes
indicam que as subfamilias mais recentes possuem promotores mais eficazes (MATYUNINA
etal., 1996).

4.4 Expressao e Mobilizagao

A replicacdo do elemento copia envolve a producdo de uma Unica fita de RNAmM que
sofre splicing alternativo e codifica todos os polipeptidios necessarios para sua mobilizacdo
(MILLER et al., 1989; YOSHIOKA et al., 1990). A maior parte dos transcritos isolados
equivale a duas moléculas de 5 e 2 kb de comprimento (Figura 2A; FLAVELL et al., 1981)
que correspondem a cerca de 3% do RNA poliadenilado de culturas celulares de D.
melanogaster (YOUNG; SCHWARTZ, 1980). A molécula de RNAm de 5 kb corresponde ao
trecho entre as regides R das LTRs 5’ e 3’ e a segunda molécula, de 2 kb, equivale a0 RNAmM

completo, que sofre splicing de uma regido de cerca de 3 kb correspondente ao dominio pol
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(MILLER et al., 1989; YOSHIOKA et al., 1990; Figura 2A). Adicionalmente, dois tipos de
transcritos (com 1,3 kb e 0,8 kb) foram identificados em baixas concentragfes (YOUNG;
SCHWARTZ, 1980), mas ainda ndo se sabe se sdo produtos de eventos alternativos de
processamento do RNAm ou se desempenham alguma funcdo durante o mecanismo de
transposicéo.

As moléculas de RNAm tém a capacidade de codificar no minimo 8 polipeptideos de
18 a 51 kDa (FLAVELL et al., 1980). Contudo, a funcdo de apenas algumas dessas proteinas
puderam ser caracterizadas. Estudos demonstraram que o RNAmM de 2 kb expressa um
polipeptidio de 48 kDa correspondente a gag (YOSHIOKA et al., 1990), que se auto-catalisa
gerando duas proteinas com cerca de 33 e 23 kDa (ATHAUDA et al., 2006). A proteina de 33
kDa corresponde a regido N-terminal do polipeptideo precursor e tem funcdo de VLP (Figura
3). Essas particulas foram primeiramente isoladas a partir do nucleo de linhagens celulares de
D. melanogaster (SHIBA; SAIGO, 1983; MIYAKE et al., 1987). A proteina de 23 kDa é uma
protease aspartica, com sitio ativo Asp-Ser-Gly, correspondente a regido C-terminal do
precursor, que desempenha a funcdo auto-catalisadora do polipeptideo (ATHAUDA et al.,
2006). Tal enzima pertence & familia das proteases retrovirais e € mais estavel que outras
proteases comuns, como a pepsina A humana e a protease 1 do HIV. A VLP e a protease sao
expressas em maior concentracdo do que as proteinas replicativas, provavelmente devido a
complementacdo gerada pela traducdo do RNAmM de 5 kb, que apesar de menos
eficientemente, também parece expressar os produtos da gag, além da producdo das enzimas
do dominio pol (BRIERLEY; FLAVELL, 1990).

A conservacao estrutural de copia em relacdo aos retrovirus indica que 0s mecanismos
de transcricdo reversa e integracdo devem seguir o mesmo modelo geral. A mobilizacédo
depende da geracdo de uma molécula de DNA linear a partir do RNAm de 5 kb produzido
pela transcriptase reversa. Apds a produgdo da fita de DNA linear, a integrase sera
responsavel pela inser¢cdo no genoma hospedeiro. Nos retrovirus, esse estagio é denominado
DNA proviral, pois ndo apresenta caracteristicas infecciosas. Estudos com linhagens celulares
de D. melanogaster permitiram identificar no retrotransposon copia a presenga de formas
extracromossomicas lineares (FLAVELL, 1984) e circulares com uma ou duas LTRs
(FLAVELL; ISH-HOROWICZ, 1981; ILYIN et al.,, 1984), como as produzidas pelos
retrovirus. No entanto, os resultados indicam que a transcricdo reversa circular produz
produtos incompletos, apresentando apenas uma das LTRs (FLAVELL; ISH-HOROWICZ,
1981). Adicionalmente, DNA extracromossomico circular pode ser originado por eventos de

recombinacdo homologa entre LTRs (ILYIN et al., 1984).
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4.5 Impacto no genoma

Os elementos de transposicdo podem promover alteracbes nos genomas hospedeiros,
promovendo os classicos exemplos de rearranjos cromossémicos (KIDWELL et al., 1977;
LANGLEY et al., 1988; MONTGOMERY et al., 1991) ou alterando os genes do hospedeiro
ao nivel estrutural (O’HARE et al., 1984; ALMEIDA et al., 2008; SAKAI et al., 2007;
LOPES et al., 2008) e regulador (AQUADRO et al., 1986; JORDAN et al., 2003). O
retrotransposon copia ja foi identificado participando de pelo menos trés eventos de mutacdo
no genoma de D. melanogaster.

A primeira descricdo de uma mutacdo causada pela insercdo de um elemento
transponivel em Drosophila referiu-se a uma linhagem de D. melanogaster com o fen6tipo
white-apricot, que produzia individuos com diminuicdo da pigmentacdo nos omatideos,
variando de vermelho para selvagens a amarelado para mutantes (BINGHAM; JUDD, 1981,
GOLDBERG et al., 1982), e reducdo da pigmentacdo nos testiculos e tabulos de Malphighi
(RABINOW et al., 1993). O gen6tipo mutante decorria da inser¢do de copia no segundo
intron do gene white (Figura 4A; O’HARE et al., 1984). Essa insercdo levou a producdo de
transcritos com comprimentos alterados, provavelmente por causa dos sinais reguladores nas
LTRs do retrotransposon (Figura 4A; LEVIS et al., 1984). Adicionalmente, foi observada a
excisdo dessa insercdo por meio de recombinacdo homodloga intracromossdmica entre as
LTRs, levando a reversdo da mutacdo. No entanto, nem a excisdo do retrotransposon, nem a
reversdo do fendtipo foram completas, pois uma das LTRs permaneceu no sitio original e 0s
individuos revertentes apresentaram omatideos mais claros que os selvagens. A manutencéo
de uma das LTRs durante o processo de excisdo resulta na manutencdo de sequéncias
reguladoras do TE no gene hospedeiro, que podem interferir no funcionamento génico e
serem domesticadas pelo hospedeiro produzindo variabilidade genética (CARBONARE;
GEHRING, 1985).

O gene da alcool-desidrogenase (Adh) também pode ser diferencialmente expresso no
genoma de D. melanogaster devido & presenca do retrotransposon copia (AQUADRO et al.,
1986). Uma linhagem mutante com insercdo do copia a cerca de 250 pb antes do sitio de
iniciacdo da transcricado, teve a expressao da Adh reduzida de 2 a 10 vezes, causando um leve
efeito deletério nos portadores da insercdo, principalmente nos estagios de desenvolvimento
em que o retrotransposon é altamente expresso, isto €, em suas larvas do segundo e terceiro
estadio, pupas jovens e adultos maduros (Figura 4B; STRAND; MCDONALD, 1989).
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Outro exemplo de modificagdo dos gendtipos hospedeiros em decorréncia da insercdo
dos retrotransposons copia e gypsy foi observado no loco ovo de D. melanogaster (MEVEL-
NINIO et al., 1989). Esse loco codifica um fator de transcricdo que, entre outras funcdes, esta
envolvido na manutengdo da linhagem germinativa da fémea. Fémeas mutantes ovo exibiam
uma degeneracdo de células germinativas no inicio do desenvolvimento apresentando ovarios
atrofiados e incapacidade de producédo de ovos (OLIVER et al., 1987). A insercdo de copia,
mas principalmente do retrotransposon gypsy, nesse sitio citolégico induziu a reversdo dos
mutantes, levando a producao de alelos com perda de funcdo, isto é, apresentaram esterilidade
da fémea apenas de modo recessivo (MEVEL-NINIO et al., 1989). Alelos revertentes também
ocorreram de maneira espontanea para essa mutacdo. Apenas 0 mapa de restricdo desse loco
esta disponivel para as linhagens onde copia foi identificado (Figura 4C), pois este estudo foi
realizado com experimentos de hibridagéo in situ. Desse modo, a posi¢ao exata e a estrutura

da insercdo para o loco ovo ndo é conhecida.

4.6 Regulacado

Existe uma relagdo positiva quando se compara o nimero de insercles e a taxa de
transposicdo de copia para mais de uma linhagem de laboratorio (NUZHDIN et al., 1996;
PASYUKOVA et al., 1998). O aumento da taxa de mobilizacdo, concomitante ao alto nimero
de inser¢des, poderia produzir efeitos deletérios e reducdo do valor adaptativo do hospedeiro,
0 que sugere que a auto-regulacdo ndo é fenbmeno predominante na dindmica transposicional
de copia, pois, nesse caso, seria esperado um equilibrio entre nimero de insercOes e taxa de
transposicdo (CHARLESWORTH et al., 1992). Dessa forma, trés hipdteses foram propostas
para explicar relacdo positiva entre taxa / numero de inserces em D. melanogaster. A
primeira hipotese postula a presencga de inser¢des mutantes com transposicdo mais eficiente,
presentes em diferentes freqiéncias nas linhagens analisadas, alterando o equilibrio entre a
taxa de transposicdo e 0 nimero de insercfes. Nesse caso, 0 aumento da taxa de transposicédo
acarretaria diretamente num efeito aditivo do nimero de inser¢bes ao longo do tempo. A
segunda propde que algum mecanismo da maquinaria do hospedeiro seria responsavel pelos
diferentes niveis de regulacdo da transposicdo e a variabilidade genética no hospedeiro
proporcionaria respostas diferenciadas causando variagcdo na taxa de transposicao. Finalmente,
a terceira, considera que o controle da transposicdo seria mediado pela freqiiéncia de

insercOes, e estas influenciariam o processo transposicional, sendo que linhagens com mais
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cOpias produziriam uma maior quantidade de proteinas necessarias a transposicao,
aumentando a probabilidade de mobilizagdo (NUZHDIN et al., 1996; PASYUKOVA et al.,
1998).

Essas trés hipoteses tém sido testadas nos ultimos anos e os resultados tém indicado
que o controle da transposicdo do retrotransposon copia é um processo multifatorial,
envolvendo fatores intrinsecos do retrotransposon, como por exemplo, a conservagédo de sitios
de ligagdo a proteinas e a producdo de diferentes formas de fitas de RNAm e, igualmente
importantes, os mecanismos de controle do hospedeiro. Assim, fatores como o numero
efetivo, a conservacdo estrutural das insercfes e 0s gendtipos especificos da linhagem
hospedeira seriam importantes nesse processo (NUZHDIN et al., 1998). Dentre os fatores
determinantes da mobilizacdo, a maquinaria enziméatica do hospedeiro tem sido observada
participando das fases reguladoras pré-transcricional e pds-transcricional (Figura 5). Nos
préximos dois subitens serdo discutidos os mecanismos que levam a intensificacdo e a
repressdo da transcricdo, conseqiientemente regulando a producdo de novas insercdes do

retrotransposon.

4.6.1 Regulacgao pré-transcricional

De acordo com Nuzhdin et al. (1996) e Pasyukova et al. (1997), o elemento copia
apresenta altas taxas de transposicdo apenas em machos em D. melanogaster e essa
especificidade se deve aos maiores niveis de producao de transcritos nos testiculos em relacao
aos ovarios. Esses dados sugerem que a regulacdo deva ocorrer principalmente em nivel
transcricional (FILATOV et al., 1998). A razdo desse padrdao de mobilizacdo ainda ndo foi
claramente determinada, mas é possivel que as fémeas apresentem algum tipo de mecanismo
especifico de repressdo da transposi¢do, ausente em machos.

Sabe-se também que a producdo de RNAm é varidvel entre as diversas fases do
desenvolvimento de D. melanogaster, sendo que os maiores niveis de producéo de transcritos
ocorrem a partir do estadio pupal, passando pelos estagios pré-meidticos do desenvolvimento
das gbnadas, isto &, em espermatocitos com maturacdo primaéria e, finalmente, em machos
envelhecidos cerca de 25 dias (FLAVELL et al., 1980; PARKHURST; CORCES, 1987;
PASYUKOVA et al.,, 1997; FILATOV et al., 1998). Essa transposicdo dependente da idade
corrobora a proposta de que existem fatores do hospedeiro regulando a transposi¢do do
retrotransposon copia (FILATOV et al., 1998).
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Apesar do conhecimento de que a regulacdo de copia acontece de modo tecido e idade
especificos, somado a identificagdo de sitios de ligacdo de fatores de transcri¢do na regido da
LTR-ULR 5’, ainda néo esta claro como ocorre e quais fatores realmente contribuem para a
regulacdo da producdo de transcritos em D. melanogaster. Contudo, alguns genes de
Drosophila tém sido associados a regulagcdo por meio de estudos com o sistema white-apricot
e de transformagdes em linhagens celulares, principalmente genes relacionados a regulacéo
génica (CAVAREC; HEIDMANN, 1993; BHADRA et al., 1999; PAL-BHADRA et al.,
1998; CAVAREC et al., 1994; TULIN et al., 2002).

As homeoproteinas reguladoras engrailed, even-skipped e zerknullt regulam
negativamente a expressdo de copia em linhagens celulares de Drosophila hydei, que néo
possuem esse retrotransposon. Por outro lado, as homeoproteinas zerknullt e fushi tarazu
regulam positivamente a sua expressdao em linhagens celulares de D. melanogaster. Dessa
forma, a regulacdo do retrotransposon copia por esta classe de reguladores é dependente do
tipo de homeoproteina, do background celular e da concentracdo dos reguladores
(CAVAREC; HEIDMANN, 1993). Adicionalmente, os sitios de ligacdo das homeoproteinas
estdo proximos a diade simétrica que compartilha similaridade com o intensificador do SV40,
indicando que as diferentes subfamilias copia podem interagir de modo diferenciado com
esses reguladores.

O loco mls (male specific lethal), associado a compensacgédo de dose do cromossomo X
de machos, também deve participar do mecanismo de controle transcricional do copia, desde
que mutantes para esse loco apresentam um significativo aumento na expressao desse
retrotransposon (BHADRA et al., 1999). Ja os locos reguladores Inr-a, Wow e Mow
intensificam o padrdo de expressdao da mutacdo white-apricot, de modo diferenciado, de
acordo com a combinacdo de geno6tipos de cada um destes trés genes (PAL-BHADRA et al.,
1998). A influéncia exercida por pelo menos esses trés fatores reguladores ocorre do mesmo
modo em genes do hospedeiro, indicando que esses locos sdo responsaveis pela producéo de
fatores reguladores epistaticos e que trabalham para a manutencdo dos mecanismos
moleculares basicos da transcricdo (PAL-BHADRA et al., 1998).

Cavarec et al. (1994) isolaram um fator de transcri¢do, ainda ndo-caracterizado, de
aproximadamente 50 kD, que ativa intensamente a transcri¢do de copia. Essa proteina se liga
as regides reguladoras de ULR de linhagens celulares de D. hydei, mas estd ausente em
linhagens de D. melanogaster. Os autores discutem que a presenca dessa proteina poderia ser
um fator evolutivamente limitante para a manutencdo do retrotransposon em espécies do

género Drosophila, como em D. hydei, onde o copia candnico esta naturalmente ausente, se 0
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elemento fosse introduzido por transferéncia horizontal. A intensificacdo da transcricdo
poderia levar ao aumento excessivo de retrotransposi¢cdes e consequentemente a restricoes
funcionais devido ao potencial mutacional dos elementos de transposicao.

Outra proteina que influencia a expressao do retrotransposon copia é PARP (do Inglés,
Poly ADP-ribose polymerase), que tem como funcdo geral a organizagdo estrutural da
cromatina durante o desenvolvimento de Drosophila, mantendo a integridade do genoma
(TULIN et al., 2002). Mais especificamente, PARP influencia a expresséo e silenciamento de
blocos de eucromatina e heterocromatina apresentando atividade mais pronunciada no inicio
do desenvolvimento. Mutantes Parp hiperexpressam o RNAm copia de 5 kb, indicando que
esta proteina possui alguma funcéo repressora no nivel estrutural, isto é, na conformacédo do
DNA, inibindo a expressao desse retrotransposon.

Fatores ambientais como estresse térmico, quimico e exposicdo a radiacdo também
podem ativar o retrotransposon copia em D. melanogaster (STRAND; MCDONALD, 1985).
Apds 30 minutos de estresse térmico a 37 °C, a expressdao do RNAm de 5 kb foi até 13 vezes
mais alta que nos controles, num padrdo similar aos genes heat shock. Os responsaveis por
essa intensificacdo podem ser os elementos heat shock na regido U3 da LTR (Tabela 2, Figura
2B). Além disso, esse trabalho demonstrou que o estresse quimico pela exposicdo a peroxido
de hidrogénio, e azida de sddio, também induzem a expressdo de RNAm copia, sobretudo a
molécula de 2 kb de comprimento, contudo o mecanismo relacionado a inducdo ndo é bem

compreendido.

4.6.2 Regulacgao pos-transcricional

O mecanismo de interferéncia de RNA (RNAI, do Inglés, RNA interference) tem
fundamental importancia na regulacéo pés-transcricional, promovendo o silenciamento génico
e a defesa do hospedeiro contra os efeitos deletérios da presenca de virus e elementos de
transposicdo por meio da degradacdo de RNAm, metilacdo e acetilagio do DNA. Em
Drosophila tém sido descritos trés mecanismos basicos de RNAi com maquinaria e alvos da
regulacdo diferenciados: (i) o mecanismo de microRNA, relacionado a repressao da tradugédo
de genes por meio da degradacdo de RNAs maduros; (ii) o sistema de degradacdo de mRNAs
antivirais, que é direcionado por RNAs dupla-fita pequenos (siRNAs) produzidos a partir de
RNAs virais e de retrotransposons, e; (iii) 0 mecanismo de silenciamento de elementos de
transposicdo da linhagem germinativa mediado pelos piRNAs, RNAs pequenos que interagem
com as proteinas da subfamilia piwi (OBBARD et al., 2009).
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Dentre os fatores chave responsaveis pelo funcionamento dos mecanismos de RNAI
estdo as familias multigénicas Dicer e Argonauta (HAMMOND et al., 2001; BERNSTEIN et
al., 2001; OKAMURA et al., 2004). As proteinas Dicer tém como funcdo a maturacdo dos
RNAs pequenos de fita dupla que atuam no silenciamento e as proteinas Argonauta se ligam
as fitas de RNA picotadas por Dicer desempenhando atividade endonucleolitica supressora
degradando os RNAs alvo (atividade Slicer) ou, ainda, funcionam como uma plataforma para
a reunido de proteinas do complexo de silenciamento (HAMMOND, 2005).

Os pequenos RNAs podem ser classificados em diversos tipos, de acordo com seu
tamanho, com as proteinas que participam da sua producdo e com o tipo de RNA alvo para o
silenciamento. Dentre os diferentes pequenos RNAs, estdo os rasiRNAs (de 24 e 25 pb; do
Inglés, repeat associated small interfering RNAs), também denominados como piRNAs (do
Inglés, piwi-interacting RNA) ou esiRNAs (do Inglés, endogenous short interfering RNA),
relacionados ao silenciamento de elementos de transposicdo, entre eles, 0 retrotransposon
copia (ARAVIN et al., 2003; KAWAMURA et al., 2008). Em Drosophila, a degradacao dos
RNAS, e posterior inativacdo dos TEs, ocorre por vias diferenciadas nas células da linhagem
somatica e germinativa (Figura 5B).

Na linhagem germinativa de Drosophila, o processo de silenciamento de RNA é
mediado pelas proteinas Argonautas da subfamilia Piwi (Ago-3, Aubergine e piwi). A
subfamilia piwi é independente de Dicer agindo por meio da interacdo com piRNAs. Esse
processo ocorre durante estagios iniciais de desenvolvimento do embrido (0-2 horas), em
testiculos (ARAVIN et al., 2003) e ovérios de adultos (SAITO et al., 2006) e se inicia com um
aumento na expressdo de Ago-3, Aub e piwi (WILLIANS; RUBIN, 2002), que por sua vez,
utilizardo as seqiiéncias dos retrotransposons, inclusive copia, como molde para a producao
de piRNAs e posterior degradacdo dos RNAmM (ARAVIN et al., 2003). Analises de expressao
in situ ttm demonstrado que mutantes piwi inibem a repressdo do retrotransposon copia em
células da linhagem germinativa de machos (KALMYKOVA et al., 2005). Além disso, foi
demonstrado que a LTR € a regido alvo da maquinaria de silenciamento, devido a sua
superexpressao nos mutantes piwi, quando ligada a um gene reporter.

Outro gene da familia Argonauta envolvido no mecanismo de RNAI na linhagem
germinativa é spindle-E (VAGIN et al., 2006). O gene spindle-E codifica uma RNA helicase
DexH-box (GILLESPIE; BERG, 1995) que participa do desdobramento e/ou anelamento do
RNA do complexo de RNAIi (STAPLETON et al., 2001). Foi demonstrado que em ceélulas
germinativas de fémeas (VAGIN et al., 2004) e machos (STAPLETON et al., 2001) esse gene
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participa do controle da expresséo do retrotransposon copia, desde que a expressao desse TE
aumenta até 5,7 vezes em mutantes spindle-E.

Adicionalmente, existe uma via de RNAI silenciadora de elementos de transposicao
expressos na linhagem somatica de D. melanogaster (Figura 5B; KAWAMURA et al., 2008).
Esse mecanismo envolve a proteina Ago-2 que interage com o0s esiRNAS produzidos a partir
de dsRNAs (do Inglés, double-strand RNA) pela proteina Dicer-2. Sugere-se que 0s esiRNAS
guiam Ago-2 na clivagem de transcritos nas células, incluindo RNAs de elementos de
transposicdo. Dentre os RNAs de TEs utilizados como molde para a formagéo de esiRNAs,

esta o retrotransposon copia.

4.7 Conclusdes e Perspectivas

As informacgdes sobre a estrutura e o funcionamento do retrotransposon copia na
familia Drosophilidae, sobretudo em D. melanogaster, apresentados nesta revisao, ilustram o
papel fundamental dos elementos transponiveis como promotores de variabilidade genética,
reforcando a importancia do seu estudo para seu proprio conhecimento, bem como para o
entendimento do funcionamento e evolucdo dos genomas em que sdo abrigados. Nao obstante
0 grande volume de dados produzido, ainda existem lacunas a serem preenchidas para a
compreensdo da evolucdo do elemento copia, em especial sobre sua origem no género
Drosophila e o papel da maquinaria celular dos hospedeiros na regulacéo de sua mobilizacéo.

Uma dessas lacunas refere-se a descontinuidade da distribuicdo do retrotransposon
copia em Drosophila, que poderia ser decorrente de falhas na deteccdo do elemento em
algumas espécies, devido a divergéncia entre as sequéncias, transferéncia horizontal ou perda
estocastica, ou talvez, devido a todos esses eventos acontecendo simultaneamente e/ou
ocasionalmente, durante sua evolucdo. Desde que seqiiéncias dos grupos melanogaster e
repleta, divergentes em cerca de 70% no nivel nucleotidico, puderam ser isoladas com 0s
iniciadores disponiveis na literatura (ALMEIDA; CARARETO, 2006), e que métodos de
hibridacdo, amplamente empregados na busca por esse TE, foram utilizados para identificar
sequiéncias com relativa divergéncia (MARTIN et al.,, 1983; STACEY et al.,, 1986; DE
FRUTOS et al., 1992; FRANCINO et al., 1993), a hipotese de falha na deteccdo pode nao ser
realmente importante para explicar sua auséncia em algumas especies.

As analises das seqiiéncias de diversos elementos de transposicdo, entre eles o
retrotransposon gypsy, mariner e o elemento P, entre outros (LORETO et al., 2008),

demonstraram que eventos de HT séo freqlientes em Drosophila. Para copia, foram propostos
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ao menos dois eventos pontuais de HT, entre D. melanogaster e Drosophila willistoni
(JORDAN et al., 1999) e, entre Zaprionus tuberculatus e uma espécie desconhecida do grupo
melanogaster ou D. willistoni (ALMEIDA; CARARETO, 2006). No entanto, ndo existem
hipdteses da ocorréncia de eventos de HT envolvendo os ancestrais dos grupos atuais para
explicar a ampla distribuicdo desse retrotransposon, seguida pela auséncia em alguns grupos.
Devido a identificagdo de copia em pelo menos uma espécie de cada grande clado da familia
Drosophilidae, e da falta de evidéncia sobre a ocorréncia de eventos de HT nos ancestrais dos
grupos de espécies, parece-nos que a hipotese mais parcimoniosa para a evolucdao de copia
seria a presenca do retrotransposon no ancestral dessa familia. Adicionalmente, a0 menos trés
eventos de perda poderiam ter ocorrido, sugeridos pela auséncia no grupo virilis, nas
drosofilas havaianas e no género Chymomyza. O seqlienciamento e o estudo dos fatores que
regulam a transposicdo em espécies ainda ndo estudadas podem oferecer indicativos dos
processos que levaram a perda nesses grupos de Drosophila. Varios processos podem ser
vislumbrados, tais como: (1) eventos randdémicos; (2) altas taxas de mutagdo, com
consequente degradacdo de seqiiéncias codificantes e reguladoras, levando a producdo de
proteinas truncadas e/ou inviabilizando a ligacdo de fatores de transcricdo; (3) perda ou
diferenciacdo de proteinas reguladoras do hospedeiro que participam da dindmica de
mobilizacdo de copia, ou ainda; (4) aquisicdo de proteinas que alterariam o equilibrio nimero
de insercdes / taxa de transposicdo, levando ao aumento do potencial mutacional de copia e
posterior eliminacdo por selecdo natural. Essa Ultima hipdtese foi sugerida baseada no
trabalho experimental de Cavarec et al. (1994), devido a identificacdo do ativador de 50 kDa
de D. hydei, que esta ausente em D. melanogaster. Alternativamente, mais de um mecanismo
poderia estar agindo nos diferentes grupos de Drosophila, individualmente, ou mesmo
simultaneamente. Portanto, o estudo da distribuicdo e dos mecanismos evolutivos que agem
nesse retrotransposon é fundamental para que a hipdtese de ancestralidade pontuada por
eventos de HT e perda estocastica possa ser corroborada.

Os mecanismos de regulacdo do hospedeiro sdo essenciais para o controle da
transposicdo dos TEs em Drosophila, pois afetam sua manutencdo ou perda, sobretudo no
caso do retrotransposon copia. O controle da transposi¢do pelo hospedeiro pode acontecer
pela intensificacdo, inibicdo ou mesmo silenciamento da expressao e acarreta num controle do
numero de insercdes, impedindo os efeitos deletérios de uma explosao transposicional, o que
geraria um desequilibrio na relagdo TE - hospedeiro. Ao mesmo tempo, acontece uma
compensacao por parte do retrotransposon, levando a maximizacao de sua atividade, seja pela

especificidade de mobilizacdo em tecidos germinativos, o que € indispensavel para que as
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novas inser¢des sejam herdaveis e passiveis de fixagdo nas popula¢bes, como pela selecdo de
subfamilias que sejam transcricionalmente mais eficazes, como aconteceu com as espécies do
grupo melanogaster. Um modo de aprofundar o conhecimento sobre os fatores que modulam
especificamente o retrotransposon copia seria analisar 0s genes e as proteinas envolvidas na
regulacdo pelo hospedeiro em linhagens que apresentam altas taxas de mobilizagdo desse
elemento em particular, utilizadas anteriormente para investigar a instabilidade e variabilidade
genética entre linhagens de D. melanogaster (BIEMONT et al., 1987). O estudo deveria focar
tanto os fatores de transcricdo que interferem na producdo de transcritos, em diferentes niveis,
diferentes tecidos e estadios de desenvolvimento, quanto as proteinas responsaveis pelo
mecanismo de RNAI dos tecidos somaticos e germinativos, o que permitiria investigar a
ocorréncia de fatores reguladores relacionados a manutencdo do equilibrio TE — hospedeiro,
que controlariam a instabilidade gendmica gerada pelos elementos de transposicao.

O conhecimento relatado nesta revisao, e as questdes que continuam em aberto sobre
sua dindmica evolutiva e formas de regulacdo, permitem eleger o elemento copia como um
bom modelo para a investigacdo das relagdes TE — hospedeiro, de modo a se melhor
compreender a dindmica responsavel pela fixacdo e eliminacdo desses promotores de

variabilidade genética dos genomas procarioticos e eucarioticos.
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Tabela 1. Distribuicdo do retrotransposon copia na familia Drosophilidae (+:

presente; -: ausente).

Espécie Status Metodologia* Referéncias**
Género Chymomyza
C. procnenis + SB 1
Género Drosophila
Subgénero Drosophila
Grupo guarani
D. subbadia + SB 1
Grupo immigrans
D. stonei + SB 1
Grupo pinicola
D. pinicola + SB 1
Grupo repleta
D. aldrichi + SB/PCR 2,3
D. anceps - PCR 3
D. antonietae + SQ 3
D. arizonae - I+ SB/PCR 2,3
D. borborema + SB 2
D. buzzatii + SB/SQ 2,3
D. eremophila - PCR 3
D. gouveai + SQ 3
D. hexastigma + PCR 3
D. hydei - SB/PCR 1,2,3
D. hydeoides - SB 2
D. huaylasi + SB 2
D. koepferae + SB/SQ 2,3
D. longicornis - PCR 3
D. martensis + SB 2
D. mercatorum + SB/PCR 1,23
D. mettleri - PCR 3
D. mojavensis + SB/SQ 2,3
D. mulleri + SB/PCR 2,3
D. navojoa + PCR 3
D. nigrodumosa + SB 2
D. pachuca + SQ 3
D. paranaensis + PCR 3
D. propachuca + PCR 3
D. ritae - PCR 3
D. serido + SB/SQ 2,3
D. seriema + SQ 3
D. spenceri + PCR 3
D. starmeri + SB 2
D. uniseta + SB 2
D. venezolana + SB 2
D. wheeleri + SB/PCR 2,3
Grupo virilis
D. littoralis - SB 1
D. montana - SB 1
D. virilis - SB 1
Subgénero Sophophora
Subgrupo melanogaster
D. ananassae + SB 1
D. bipectinata + SB 1
D. erecta + SQ 4
D. mauritiana + SB/SQ 1,4,5
D. melanogaster 17-42 copias HIS/SB/SQ 4,6,7,8,9, 10,11
D. sechellia + SQ 4
D. simulans 1-4 cpias HIS/SB/SQ 1,4,5,9
D. takahashi + SB 1
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Continuacéo Tabela 1.

Espécie Status Metodologia* Referéncias**
D. teissieri + SQ 4
D. yakuba + SB/SQ 1,4,5
Subgrupo obscura
D. affinis + SB 1,14
D. algoquin + SB 12
D. azteca + SB 12
D. bifasciata + SB 12
D. guanche + SB 12
D. miranda + SB 12
D. narragansett + SB 12
D. obscura + SB 12
D. persimilis + SB 12
D. pseudoobscura >30 cOpias HIS/ SB 1,5,12
D. subobscura - SB 1
D. subsilvestris + SB 12
D. tristis + SB 12
D. tolteca + SB 12
Subgrupo saltans
D. austrosaltans 9 copias SB 13
D. dacunhai 12 copias SB 13
D. emarginata 5 copias SB 13
D. milleri 13 copias SB 13
D. neocordata 3 copias SB 1,13
D. parasaltans 5 copias SB 13
D. prosaltans 9 copias SB 13
D. saltans 10 copias SB 13
D. sturtevanti 6 copias SB 13
D. subsaltans 8 copias SB 13
Subgrupo willistoni
D. paulistorum + SB 1
D. willistoni + SQ 14
Género Dorsilopha
D. busckii + SB 1
Género Idyomia SB
D. grimshawi - SB 1
D. hawaiiensis - SB 1
D. hirtipalpus - SB 1
Género Hirtodrosophila
D. duncani + SB 1
Género Scaptodrosophila
S. dimorpha 2 copias HIS 1
S. latifasciaeformis + SB 1
Género Zaprionus
Z. africanus + SQ 15
Z. camerounensis + SQ 15
Z. davidi + SQ 15
Z. gabonicus + SQ 15
Z. indianus + SQ 15
Z. tuberculatus + SQ 15
Z. vittiger Cromocentro HIS 1

* Metodologias utilizadas na identificacdo do retrotransposon copia: Hibridagcdo in situ (HIS),
Southern blot (SB), PCR e sequienciamento (SQ). **1: Martin et al. (1983), 2: Francino et al. (1993),
3: Almeida e Carareto (2006), 4: Jordan e McDonald (1998), 5: Brookfield et al. (1984), 6: Strobel et
al. (1979), 7: Yamaguchi et al. (1987), 8: Biémont e Gautier (1988), 9: Vieira e Biémont (1996), 10:
Maside et al. (2001), 11: Alonso-Gonzales et al. (2003), 12: de Frutos et al. (1992), 13: Castro et al.
(2006), 14: Jordan et al. (1999) e, 15: De Setta et al., dados ndo-publicados.
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Tabela 2. Sitios reguladores presentes nas regides LTR 5° e ULR do retrotransposon copia de
D. melanogaster.

Elementos reguladores Regido Seqgiiéncia (5 = 37) Referencia*
CTACAAAAATAACG
Elementos heat shock LTR (U3) TTGGAATATACTAT 1
Repeticdo imperfeita LTR (U3) CACCTTTTAT 2
Inicio da transcricao LTR (U3/U5) CTTTCCTTCTTGTACGTTTTT 3
Elemento downstream LTR (R) CGTG 3
Sinal de poliadenilacéo LTR (R/U5) AAATATAAATC 4
Sitio de iniciagao da traducdo (tRNAM®) ULR GGTTATGGGCCCAG 5
Sitio de ligagdo de antennapedia ULR ATTA 6
Sitio de ligacdo de engrailed ULR DVAAWTAAAK 6
Sitios de ligacdo de DmC/EBP e CBF-1 ULR TGTGAAW 7
Diade simétrica intensificadora (core SV40) ULR TTTCACA// TGTGAAW 8
Sitio de ligacdo de 9.2.1AB ULR GAAATAGCTTTTTTTTTC 9
Fator 2 de ligacdo da caixa B (BBF-2) ULR TMNACGTANKC 7

*1: Strand e McDonald (1985), 2: McDonald et al. (1997), 3: Flavell et al. (1981), 4: Emori et al. (1985), 5:
Kikuchi et al. (1986), 6: Cavarec e Heidmann (1993), 7: Wilson et al. (1998), 8: Mount e Rubin (1985), 9:
Cavarec et al. (1997).



58

Figura 1. Distribuicdo do retrotransposon copia nos principais ramos taxondmicos da familia
Drosophilidae. Os grupos grifados em verde e vermelho apresentam pelo menos uma espécie onde o
retrotransposon copia foi estudado e identificado ou ndo encontrado, respectivamente. Diagrama
modificado de Markow e O’Grady (2005) baseado na classificacdo proposta por Throckmorton (1975).
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Figura 2. Caracteristicas estruturais do retrotransposon copia. A: Diagrama do elemento
canodnico completo com as regides reguladoras (LTR e ULR), dominios codificantes e os dois
tipos de mRNAs produzidos por meio do splicing alternativo (EMORI et al., 1985; MOUNT;
RUBIN, 1985). B: Diagrama detalhado da distribuicdo e localizacdo dos sitios reguladores
presentes na LTR-ULR 5’ das trés subfamilias copia do grupo melanogaster (FLAVELL et
al., 1981; STRAND; MCDONALD, 1985; KIKICHI et al., 1986; CAVAREC; HEIDMANN,
1993; CAVAREC et al., 1997; MCDONALD et al., 1997; WILSON et al., 1998).



Figura 3. Imagem gerada por microscopia eletronica de transmisséo
mostrando as VLPs do retrotransposon copia em cultura de células da
linhagem Schneider 2 (S2) de D. melanogaster. As VLPs se
apresentam em clusters no nucleo das células (seta). NM: membrana
nuclear; K: milhares de vezes. Imagem obtida no trabalho de
Bachmann et al. (2004).
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Figura 4. Exemplos de genes de D. melanogaster com funcionamento alterado devido
insercbes do retrotransposon copia. A: Gene white com inser¢cdo no segundo intron e
consequiente producdo de RNAms alternativos. B: Gene Adh com inser¢do a montante do
cddon de iniciacdo da transcricdo. C: Insercdo de copia no loco ovo. Caixas pretas, cinzas,
setas e tragos verticais correspondem aos exons, inser¢fes copia, RNAmM e sitios de restrigdo,
respectivamente. P: Pstl, R: EcoRl, S: Sall, G: Bglll. Os esquemas A, B e C foram baseados
nos trabalhos de Csink et al. (1994), Strand e McDonald (1989) e Mével-Ninio et al. (1989),
respectivamente.
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Figura 5. Regulagdo do retrotransposon copia pelo hospedeiro. (A) Regulacdo pré-
transcricional: a repressao da transcricdo pode ser modulada por homeoproteinas, pelos
genes mls, Parp, Inr-a, Wow e Mow; a ativacdo da transcricdo pode ser regulada também
por homeoproteinas, por proteinas heat shock e, exclusivamente em D. hydei, pelo ativador
de 50kD. (B) Regulacdo poés-transcricional: o retrotransposon copia pode ser silenciado
pelo mecanismo de RNAI, tanto pelo sistema piwi independente de Dicer na linhagem
germinativa, quanto por Dicer-2 e Ago-2 na linhagem somatica. Na linhagem germinativa,
as fitas simples senso e antisenso de RNAm sao picotadas pelas proteinas Aub e Ago-3 e
servem como molde para o reconhecimento de outros RNAmM que serdo degradados
promovendo o silenciamento. A funcdo da proteina piwi nesse mecanismo seria a ligagdo
aos transcritos nascentes para recrutar fatores da heterocromatina (GREWAL; ELGIN,
2007). Na linhagem somatica, os RNAm de fita dupla sdo reconhecidos e picotados por
Dicer-2 e posteriormente também servem de molde para a degradacdo de outros RNAms
ligados a Ago-2.
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Abstract

Copia is a retrotransposon largely distributed among the Drosophilidae family but sequences
analyses concentrated only on the Drosophila genus repleta group and melanogaster
subgroup. In this study, seven species of genus Zaprionus were analyzed by RT-PCR and
sequencing of the LTR-ULR and reverse transcriptase regions and the results were compared
with those reported previously. It was shown that the copia element occurs and is
transcriptionally active in all species investigated, and a specific Zaprionus subfamily, closer
related to the most ancient subfamily of the melanogaster subgroup, was identified. One
ancient horizontal transfer event was suggested between melanogaster and Zaprionus
species, indicating that the copia of the latter is a derivative of the melanogaster subgroup
copia retrotransposon.
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5.1 Introduction

The copia retrotransposon is broadly although patchy distributed in the Drosophilidae
family (BIEMONT; CIZERON, 1999). Despite its wide distribution, the evolutionary reports
using nucleotide sequences have focused on the LTR-ULR region of the melanogaster
subgroup and the repleta species group of Drosophila. The LTR-ULR region contains the
transcriptional promoters and enhancers, such as, TATA box, dyad symmetric enhancer and
homeoproteins-binding sites, as well the traduction start and stop sites (MOUNT; RUBIN,
1985; CAVAREC; HEIDMANN, 1993; WILSON et al., 1998; ALMEIDA; CARARETO,
2006).

The variability in the LTR-ULR region allowed identifying families and subfamilies of
the copia element that are dispersing among species through vertical or horizontal inheritance
(JORDAN; MCDONALD, 1998a; ALMEIDA; CARARETO, 2006). Within the repleta
group, copia shows low nucleotide distances, however, it is highly divergent compared to the
melanogaster subgroup sequences. This pattern indicates a copia family specific to the
repleta group, which has been subjected to selective constraints that promoted conservation
of regulatory sites in the eight species studied (ALMEIDA; CARARETO, 2006). In the
melanogaster subgroup, horizontal transfer (HT), as well as positive and purifying selection
have promoted the diversification and variable fixation of the Full-length (the most recent),
the ULR-gap and the Double-gap (the oldest) subfamilies, differentiated by the duplication of
39 and 28 nt in the LTR and ULR regions, which generate an imperfect repeat and a dyad
symmetric enhancer, respectively (JORDAN; MCDONALD, 1998a, b). These subfamilies
are discontinuously distributed among seven species of the melanogaster subgroup
(Drosophila melanogaster, Drosophila simulans, Drosophila sechellia, Drosophila
mauritiana, Drosophila yakuba, Drosophila teissieri and Drosophila erecta) and each
species encompass more than one, as for example, D. simulans has the three subfamilies, D.
melanogaster, the Full-length and the ULR-gap, and D. sechellia with only the Double-gap
subfamily (JORDAN; MCDONALD, 19983, b). Additionally, the high levels of conservation
and phylogenetic incongruence have been used to infer HT within the melanogaster species
subgroup (JORDAN; MCDONALD, 1998a; BOWEN; MCDONALD, 2001; SANCHEZ-
GRACIA et al., 2005), between D. melanogaster and Drosophila willistoni (JORDAN et al.,
1999), and between Zaprionus tuberculatus and an unknown species of the melanogaster
subgroup or D. willistoni (ALMEIDA; CARARETO, 2006).
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The genus Zaprionus Coquillet, 1991 (Drosophilidae) is composed by two
monophyletic subgenera, Anaprionus s.s. (11 species) originated in the Oriental
biogeographic region, and Zaprionus s.s. (49 species) from the Afrotropical region
(OKADA; CARSON, 1983; YASSIN et al., 2008ab). The relationships within the subgenus
Anaprionus are so far poorly understood. On the other hand, based on morphological as well
as molecular data, a proposition was recently presented regarding the relationships within the
subgenus Zaprionus, clustering its species into two groups: the group inermis, with four
complexes (sexvittatus, ghesquieri, inermis and tuberculatus), and the group armatus, with
nine complexes (litos, montanus, armatus, megalorchis, indianus, vittiger, lachaisei, davidi
and spinous) (YASSIN et al., 2008a).

The phylogenetic relationships of the Zaprionus species within the Drosophilidae
family are still a matter of discussion. The genus status outside the genus Drosophila has
been maintained this far (GRIMALDI, 1990; DE SALLE, 1992), although several studies
have clustered Zaprionus as a subgenus within the genus Drosophila, as originally proposed
by Throckmorton (1975). One of the difficulties for including Zaprionus in the genus
Drosophila is the discordance about its exact phylogenetic relationship with the subgenera
Drosophila and Sophophora. Although most molecular marker studies reinforce the idea that
Zaprionus species are closer related to the Drosophila subgenus (PELANDAKIS;
SOLIGNAC, 1993; KWIATOWSKI et al., 1994; RUSSO et al., 1995; REMSEN; DE
SALLE, 1998; KWIATOWSKI; AYALA, 1999; TATARENKOV et al., 1999; DA LAGE et
al., 2007; YASSIN et al., 2008a), there are alternative phylogenies clustering them to a clade
between Drosophila and the Sophophora (THOMAS; HUNT, 1993), or closer to the
subgenus Sophophora (DE SETTA et al., 2008).

As opposed to Drosophila, transposable elements have been only occasionally studied
in Zaprionus, mainly regarding their occurrence, using Southern and in situ hybridization
analyses (MARUYAMA; HARTL, 1991; MONTCHAMP-MOREAU et al., 1993;
CIZERON et al., 1998; DE SETTA; CARARETO, 2007). Few sequencing studies have been
performed and were restricted to partial sequences of the copia (MCDONALD et al., 1997)
and the mariner elements (MARUYAMA; HARTL, 1991) in Z. tuberculatus, and the gypsy
retrotransposon in Zaprionus indianus (HEREDIA et al., 2004). Interestingly, these three
transposable elements have been proposed to be involved in HT events (MARUYAMA;
HARTL, 1991; HEREDIA et al., 2004; ALMEIDA; CARARETO, 2006). The species
richness and the ecological diversity of genus Zaprionus make it stand out as an important

model for comparative studies with the Drosophila species, aiming to amplify the knowledge
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about the evolutionary dynamics of transposable elements in Drosophilidae. Here, a survey
was conducted on seven Zaprionus species, for analyzing the distribution and evolution of
the copia retrotransposon and evaluating the inheritance mechanisms responsible for its
distribution within Drosophilidae, by comparing the copia sequences of genus Zaprionus and

the melanogaster and repleta species groups.

5.2 Materials and methods

5.2.1 Species

Seven species of genus Zaprionus were investigated in this study, whose strains were
kindly provided by Drs. Jean David and Amir Yassin from LEGS, CNRS, France. The

taxonomical classification and geographical origin are shown in Table 1.

5.2.2 DNA and PCR reaction

Genomic DNA was extracted from 10 individuals of each strain, using the phenol-
chloroform method as described by Jowett (1986). Two pairs of primers were used to
amplify and sequence two different regions of the copia retrotransposon: primers COP-LTR
(5" CTATTC AAC CTA CAA AAA TAA CG 3’) and COP-PCS (5 ATT ACG TTT AGC
CTT GTC CAT 3’) that amplify 421 bp of LTR-ULR region, and primers ZCopRTF (5° GTT
GCA CGA GGA TTC ACT CA 3’) and ZCopRTR (5’ GCT TGA GTC CGT AAATTG CC
3’) which anneal to region 3306-3558 of the copia reverse transcriptase domain (RT),
producing a 253 bp fragment in D. melanogaster (X04456). The PCR reaction conditions
were the following: 200 ng of genomic DNA, 0.4 mM of each dNTP, 7.5 mM MgCl,, 0.4
uM of each primer, 1.5 U of Taqg Platinum polymerase (Invitrogen) in 1X PCR buffer. The
reactions were heated to 94 °C for 3 min and then submitted to 40 cycles of 30 sat 94 °C, a1l
min step at 55 °C, a 1 min step at 72 °C, and an additional extension step of 10 min at 72 °C.
DNA from D. melanogaster and ultrapure water were used as positive and negative controls,
respectively.
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5.2.3 Cloning and sequencing

PCR fragments obtained with the COP-LTR / COP-PCS and ZCopRTF / ZCopRTR
primers were extracted from agarose gels, purified using the GFX PCR DNA and Gel Band
Purification Kit (GE Healthcare) and cloned with the TOPO TA Cloning Kit (Invitrogen).
For each primer, five clones chosen randomly were automatically sequenced in an ABI
PRISM 3100 Genetic Analyzer (Applied Biosystems/Hitashi).

5.2.4 Sequence analysis and phylogenetic relationships

The sequences obtained were manipulated into the BioEdit Sequence Alignment
Editor (HALL, 1999) and aligned with ClustalW 1.81 (THOMPSON et al., 1994). The
reverse transcriptase sequences were assembled in consensus sequences, in view of their high
conservation levels (>95%). Novel regulatory motifs and repetitions were searched using the
Alibaba 2.1 (GRABE, 2002) and Tandem Repeats Finder (BENSON, 1999) programs,
respectively. The phylogenetic relationships were inferred using the maximum likelihood
(ML), neighbor-joining (NJ) and maximum parsimony (MP) methods, as implemented in
PhyML 3.0 (GUINDON; GASCUEL, 2003), MEGA 4.1 (TAMURA et al., 2007) and PAUP
v.4.0b10 (SWOFFORD, 1997), respectively. Branch support was calculated by bootstrap
analysis with 1000 replicates (FELSENSTEIN, 1985). In the NJ and ML analyses, the
maximum composite likelihood (TAMURA, 2004) and the HKY85 distances (HASEGAWA
et al., 1985) were used to construct the distance matrices and trees. A heuristic search method
was used for MP reconstruction. The sequences produced are registered in the GenBank
database (Table 1). The Z. indianusl, Z. tuberculatusl and Zaprionus camerounensisl
clones, which were the most divergent (>25%) LTR-ULR, D. melanogaster Full-length
sequence (X02599), D. melanogaster ULR-gap sequence (U60292), D. simulans Double-gap
sequence (AF063880) and Z. indianus sequence for reverse transcriptase, were selected as
queries for searching 12 Drosophila genomes available in Flybase (flybase.org/blast/), using
the BLASTn tool with cut-off parameters of e->° and 90% coverage, in order to get only
highly related subjects of the Zaprionus genus. Redundant genomic subjects (100% identical)
were not included in the phylogenetic analyses (Supplementary Table 1). Drosophila
koepferae (AY655745, X96971), Drosophila buzzatii (AY655746, X96972), Drosophila
serido (AY655747), Drosophila gouveai (AY655748), Drosophila seriema (AY655750),
Drosophila pachuca (DQ494345), Drosophila mojavensis (DQ494346) sequences from
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GenBank and the Z. tuberculatus sequence published in McDonald et al. (1997) (hereafter Z.

tuberculatusMD) were used for phylogenetic analysis.

5.2.5 RNA extraction and RT-PCR reactions

Heads and gonads from 10 individuals of each sex were dissected in Testis Buffer
(183 mM KCI, 47 mM NaCl and 10 mM Tris-HCI pH 6.8). Total RNA was isolated from
dissected tissues using TRIZOL (Invitrogen) and genomic DNA was eliminated from the
samples by RQ1 RNase-Free DNase (Promega) treatment, according to the manufacturer's
instructions. The cDNA pool was generated from total RNAs using the High Capacity cDNA
Archive Kit (Applied Biosystems) and random primers at low stringent temperature (37 °C)
according to the standart protocol. The primers which amplify the RT fragment (ZCopRTF
and ZCopRTR) were used to investigate if copia is transcriptionally active in genus
Zaprionus, using the same conditions applied to the PCR reactions with genomic DNA.
Primers ZapGPDHF (5 GTT CGG CAA TTG AAC CAA TG 3’) and ZapGPDHR (5 AGA
GAG TCC GTG TGC ATG TG 3’) that amplify a 337 bp sequence of the Z. tuberculatus
Gpdh gene (L37039) were used to verify genomic DNA contamination in the total RNA
extraction and for the cDNA quality control. These PCR reactions were carried out using 200
ng of total cDNA, 0.1 mM of each dNTP, 0.4 uM of each primer, 2 mM MgCl, and 1 U Taq
Platinum polymerase (Invitrogen) in 1X PCR buffer. The cycling parameters were: 94 °C for
2 min for initial denaturation, 35 cycles of 94 °C for 1 min, 60 °C for 1 min, and 72 °C for 1
min, and an additional extension step at 72 °C for 10 min. Additionally, the Gpdh amplicons
were directly sequenced, used in the evolutionary analyses and submitted to the GenBank
database under the following accession numbers: FJ705445 (Z. multistriatus), L37039 (Z.
tuberculatus), FJ705446 (Z. camerounensis), FJ705447 (Z. davidi), FJ705448 (Z. gabonicus),
FJ705449 (Z. africanus), FJ705450 (Z. indianus).

5.2.6 Evolutionary analyses

To test the models of copia sequences inheritance in the Drosophilidae, three
approaches were utilized: (1) analysis of selective constraints in the RT and LTR-ULR
regions, using Tajima’s D test to compare the number of segregating sites and the average
number of nucleotide differences (TAJIMA, 1989), as implemented by DnaSP 4.50 (ROZAS

et al., 2003); (2) inference of the selection model shaping the copia RT sequences by
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evaluating the number of nonsynonymous substitutions per nonsynonymous sites (dN), the
number of synonymous substitutions per synonymous sites (dS), the dN/dS ratios (w) and the
Codon Based Z-test, assuming purifying (dN < dS), or positive (AN > dS) selection as
alternative hypotheses, using MEGA 4.1 (TAMURA et al., 2007); and (3) the comparison of
dS distances of copia and Gpdh sequences. The codon-based tests assume that synonymous
mutations are under almost strictly neutral evolution and that ® < 1, ® = 1 and o > 1
represents purifying selection, neutral evolution, and positive Darwinian selection,
respectively. Additionally, the copia element divergence time was estimated according to the
equation T = k/2r (GRAUR; LI, 2000), where T is the divergence time between species, K is
the dS divergence between copia sequences, and r is the evolutionary rate, using the rate
synonymous substitutions with low codon bias in Drosophila genes (1.6% substitutions per
site per million years, SHARP; LI, 1989).

5.3 Results

5.3.1 Distribution and transcriptional activity of copia retrotransposon in Zaprionus

species

To study the presence, distribution and transcriptional activity of the copia
retrotransposon in Zaprionus species, RT-PCR reactions were performed using primers that
amplify about 400 bp and 250 bp of the 5° LTR-ULR region and the RT domain,
respectively. Although it was not possible to amplify the LTR-ULR regulatory region of
Zaprionus multistriatus and Zaprionus davidi (data not shown), the results for the RT domain
indicate that transcriptionally active copia sequences occur in all Zaprionus species (Figure
1). The lack of amplification in those two species may be due to the high divergence of that
region, at least at the primers annealing sites, once the LTR-ULR sequences are more
variable than the coding sequences for copia-like retrotransposons (COSTA et al., 1999).

The analyses of sex and tissue transcriptional specificity showed differences in
amplification intensity only in Z. tuberculatus and Z. davidi, which could indicate lower
transcription levels in females than in males. Whilst the RT-PCR technique is not convenient
to quantitative analyses, those differences might reflect true sex-specific expression levels of
copia, since in D. melanogaster this expression pattern leads to a male-specific mobilization
(NUZHDIN et al., 1996; PASYUKOVA et al., 1997).
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5.3.2 Characterization and structure of the copia regulatory regions of Zaprionus

species

The LTR-ULR sequences of Zaprionus species were compared with the three
subfamilies of the melanogaster species (Full-length, ULR-gap and Double-gap) and the
repleta group family. The regulatory signals of the LTR-ULR region of the repleta species
were not identified in the Zaprionus sequences (data not show). The alignment with
melanogaster sequences showed that most of the basic copia regulatory signals are present in
the Zaprionus sequences, but with some variation that makes them closer to the Double-gap
subfamily (Figure 2, Table 2 and Supplementary Figure 1). At least one copy of the heat
shock element, the TATA box, the transcriptional start, the downstream element, the poly-A
signal, the PBS (primer binding site) and the BBF-2 (B-box binding factor-2) sites are
present in all Zaprionus species, despite the occurrence of variable sites in some of them,
particularly in Z. tuberculatus. The imperfect repeat sequences located at the end of the U3
region are absent in all Zaprionus species. There are only two repetitions of the DmC/EBP
and engrailed sites, and the dyad symmetric enhancer homologous to SV40 is not present in
the Zaprionus copia retrotransposons. Moreover, the analyses performed with the Tandem
Repeat Finder and Alibaba 2.1 programs allowed identifying a novel regulatory motif in the
Zaprionus ULR sequences, the G-box binding factor-1 site (GBF-1; consensus sequence:
NNGMCACGTS), a leucine zipper described in plants (XIANG et al., 1997), which is, 90%
and 70% similar to the signals of Arabdopsis thaliana (KLIMCZAK et al., 1992) and
Triticum aestivem (TABATA et al., 1991), respectively. Only a single motif is present in the
ULR of Z. tuberculatus (tuberculatus complex) and Z. camerounensis (lachaisei complex),
but it is duplicated in Zaprionus gabonicus, Zaprionus africanus and Z. indianus (indianus
complex). Based on the closer structure of the Zaprionus copia retrotransposon to the
Double-gap subfamily, without the diagnostic repetitions (imperfect repeat and dyad
symmetric), and the presence of the GBF-1 binding site, we propose the existence of a

specific Zaprionus copia subfamily, the GBFDouble-gap.

5.3.3 Phylogenetic analyses

The in silico search performed in the 12 Drosophila genomes recovered copia

sequences for LTR-ULR regions only in D. melanogaster, D. simulans and D. sechellia, and

for RT regions in D. melanogaster, D. simulans, D. sechellia and D. yakuba species
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(Supplementary Table 1). Although Jordan and McDonald (1998a) identified LTR-ULR
copia sequences of the Full-length, ULR-gap and Double-gap subfamilies in seven species of
the melanogaster subgroup (D. melanogaster, D. simulans, D. sechellia, D. mauritiana, D.
yakuba, D. teissieri and D. erecta), the stringent search did not retrieve LTR-ULR sequences
in the D. yakuba and D. erecta genomes nor RT sequences in the D. erecta genome. This was
the reason why we chose to analyze only the LTR-ULR sequences of the melanogaster
subgroup genome database.

Two phylogenetic reconstructions were made with the LTR-ULR and RT sequences,
using the genomic copia sequences of the melanogaster subgroup, the repleta group
sequences available in the GenBank database, the Z. tuberculatusMD sequence and the
Zaprionus species sequences. The reconstructions were achieved using the NJ, ML and MP
methods, which produced similar results. Figures 3 and 4 show the unrooted trees obtained
with the ML method.

The LTR-ULR phylogeny (Figure 3) clustered the copia sequences in three well-
supported and monophyletic clades hereafter named as Group A (Zaprionus species), Group
B (melanogaster species and Z. tuberculatusMD), and Group C (repleta species). The
average divergences (maximum composite likelihood distance) between Groups A and B was
0.325 (Table 3 and Supplementary Table 2), about two times smaller than those of Groups C
versus B (0.562), and A versus C (0.647). The topology within the repleta and the
melanogaster clades corroborates previous reconstructions (JORDAN; MCDONALD,
1998a; ALMEIDA; CARARETO, 2006). The Z. tuberculatus and the Z. camerounensis
LTR-ULR sequences were grouped into species-specific clades, but those of Z. indianus, Z.
africanus and Z. gabonicus were clustered together (Figure 3). The distances within Group A
varied from zero (Z. camerounensis5 / Z. camerounensis3 and Z. africanus4 / Z. africanus5)
to 0.209 (Z. tuberculatus3 / Z. camerounensisl). The lack of resolution in the Z. indianus / Z.
africanus / Z. gabonicus clade may be due to the recent diversification of these species,
identified only by DNA barcoding (YASSIN et al., 2008b). The Z. tuberculatusMD sequence
did not cluster together with the other Z. tuberculatus sequences, but with the melanogaster
species (Group B).

The phylogenetic reconstruction using the RT sequences corroborates the LTR-ULR tree,
with the presence of Groups A, B and C; however, due to the inclusion of three new species
(Z. davidi, Z. multistriatus and D. yakuba), additional information and a new group (Group
D) were obtained (Figure 4). The Z. davidi copia sequence was included in Group A,

together with the other Zaprionus species, despite the absence of support inside the clade; on
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the other hand, Z. multistriatus clustered with D. yakuba sequences in Group D. The
divergence between Z. multistriatus and D. yakuba is similar to that of Group A and B (0.133
for Z. multistriatus / D. yakuba, 0.145 for Z. multistriatus / Group A and 0.149 for D. yakuba
/ Group B) (Table 3 and Supplementary Table 3).

The striking length of the branches in the Z. multistriatus / D. yakuba clade could
indicate that these sequences were clustered by the long-branch attraction effect, a
phylogenetic methodological artifact originated by convergent evolution (for review, see
BERGSTEN, 2005). A strategy to prevent long-branch attraction is the reconstruction of the
phylogenetic tree excluding the faster evolving third codon positions (BERGSTEN, 2005),
which was applied (Figure 5) and again Group D was formed, showing an decrease of
branch lengths, but the branch of Z. multistriatus remains the longest in the tree. Hence,
Group D was not considered and Z. multistriatus and D. yakuba were each one included in
its species group for the evolutionary analyses.

The structural and sequence similarity and the phylogenetic incongruences regarding
the relationships of the copia sequences in Zaprionus (Zaprionus genus or probably
Drosophila subgenus), melanogaster (Sophophora subgenus) and repleta (Drosophila
subgenus) species suggest the occurrence of copia HT between Zaprionus and the

melanogaster species.

5.3.4 Evolutionary analyses

To test the HT hypotheses, two approaches were used. The strength of selective
constraints on the copia retrotransposons sequences was investigated by calculating Tajima’s
D values for LTR-ULR (LTR-ULR, LTR and ULR regions) and the RT sequences and by
comparing the dN/dS ratios (®) and the dS distances among the RT sequences of Zaprionus
and melanogaster species, with those obtained for the Gpdh host genes, as it has usually been
done for this purpose (for review, see LORETO et al., 2008).

Tajima’s D values for the LTR-ULR (-0.05513), LTR (-0.28917) and ULR (-
0.48867) comparisons were nonsignificant (P > 0.10); however, for the RT region, the value
was significant, indicating that this domain is subjected to selective constraints (-1.93812, P
< 0.05). The o values were also computed in order to evaluate the occurrence of selection
acting on the copia RT sequences (Table 4, Supplementary Tables 5 and 6). The results

indicate that purifying selection is acting in sequence conservation between melanogaster
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and Zaprionus sequences (w: 0.156). On the other hand, the mean values show relaxed
purifying selection in melanogaster (w: 0.375) and Zaprionus sequences (: 0.829). The
Codon Based Z-test corroborates these results (Table 4). For the Gpdh gene, the ® values
varied from zero (melanogaster species subgroup) to 0.044 (Zaprionus species),
demonstrating that, although the RT copia sequences are under purifying selection, since it is
an active coding gene, selection on the TE is about 3 to 19 times more relaxed than on the
gene. These comparisons suggest that the higher similarity between Zaprionus and
melanogaster species cannot be due to differential selective constraints acting in the different
species groups.

Since the selective test showed that selection constraints are lower in the Gpdh gene
than in RT copia sequences, the pairwise dS distances between melanogaster and Zaprionus
sequences were compared in order to infer HT, because dS values offer a measurement of
neutral evolution in the absence of a strong codon usage bias (CBI copia: 0.505, varying
from 0.463 to 0.644; CBI Gpdh: 0.600, varying from 0.492 to 0.700). Therefore, when two
species are compared, a similar or higher proportion of synonymous substitutions should be
expected in transposable elements (TEs) than in the host gene. Figure 6 and Table 4 show
that all pairwise copia dS comparisons were lower than those of Gpdh, with proportions
varying from 1.8 (Z. davidi vs. D. yakuba) to 9.9 (Z. camerounensis vs. D. simulans) times

lower.

5.4 Discussion

In this study, we analyzed the copia retrotransposon in Drosophilidae species groups,
focusing the genus Zaprionus in order to understand its distribution, activity and evolutionary
history, once it had previously been identified only in Z. tuberculatus, as a LTR-ULR
sequence available only in a published study (MCDONALD et al., 1997). The data obtained
here show that copia is widely distributed in genus Zaprionus and that, during its evolution in
the Drosophilidae family, it has experienced ancestral HT and vertical inheritance combined
with subfamilies diversification and occasional extinction in the most recent species groups.
Horizontal transfer has been suggested for copia evolution, but only within the melanogaster
species subgroup (JORDAN; MCDONALD, 1998a; BOWEN; MCDONALD, 2001,
SANCHEZ-GRACIA et al., 2005), between D. melanogaster and D. willistoni (JORDAN et
al.,, 1999), and between an unknown species of the melanogaster subgroup and Z.
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tuberculatus (ALMEIDA; CARARETO, 2006). We were unable to identify any Z.
tuberculatus sequence closely related to the melanogaster species subgroup such as Z.
tuberculatusMD; however, the absence of sequences homologous to Z. tuberculatusMD
could be due to inter-population variability in the copia retrotransposon subfamilies.

Our results show copia as a transcriptional active component of the genomes of all
Zaprionus species, although it was not possible to isolate the LTR-ULR region in Z.
multistriatus and Z. davidi. Structural analysis of the regulatory region of the Zaprionus
subgenus species revealed that copia sequences are closer to the most ancient subfamily of
the melanogaster species subgroup, the Double-gap subfamily (MATYUNINA et al., 1996;
JORDAN; MCDONALD et al., 1998a). This similarity, along with the lower nucleotide
divergence and the closer phylogenetic relationships between the Zaprionus and the
melanogaster sequences, suggests that the GBFDouble-gap subfamily belongs to the
melanogaster subgroup copia family. Additionally, the high nucleotide and structural
divergence from the repleta sequences suggests that at least one type of the copia
retrotransposon was harbored by the ancestor of the Drosophilidae family, which could have
diversified giving rise to the repleta group copia and the melanogaster / Zaprionus copia
families. Later on, the latter family originated the three subfamilies of the melanogaster
subgroup (Full-length, ULR-gap and Double-gap) and the GBFDouble-gap subfamily of
genus Zaprionus.

The discordance about the taxonomic position of genus Zaprionus within the
Drosophilidae family generates uncertainty about the initial steps of copia diversification. The
majority of reports agree that Zaprionus species are closer related to those of the Drosophila
subgenus, i.e., more related to the repleta than to the melanogaster species subgroup, a
relationship we assumed here to propose a scenario for the evolutionary history of copia.
Hence, the copia family sharing by Zaprionus and melanogaster species, as well as the higher
sequence similarity, the closer phylogenetic relationships and the low levels of dS divergence,
when compared to the Gpdh gene, allow us to envisage one ancient HT transfer from the
ancestor of the Zaprionus genus to the ancestor of D. melanogaster / D. simulans / D.
sechellia / D. yakuba species. The ancient status of the Double-gap subfamily plus the closer
relationship with the GBFDouble-gap subfamily corroborate the latter proposition, although
the possibility of a more ancient or even an extra HT event event having occurred cannot be
ruled out, once Jordan and McDonald (1998a) identified the Double-gap subfamily in the D.
yakuba, D. erecta and D. teissieri strains studied by them, but that was absent in the genome

database. Although the grouping between D. yakuba and Z. multistriatus copia sequences
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could suggest an extra HT event, the lack of geographic sharing between these species, as
well as the similar distances in Group D regarding to the Groups A and B, indicate that
grouping was produced by the long-branches attraction phenomenon.

An alternative hypothesis to explain the conservation between the Zaprionus and
melanogaster copia sequences could be vertical transmission under high selective sequence
constraints including also the synonymous site, as evidenced by the copia dS conservation
regarding the Gpdh dS values. It has been suggested that a substantial fraction of ancestral
repeats, at least 10,000 TE fragments in the human genome, have evolved under strong
purifying selection throughout the eutherian radiation (LOWE et al., 2007), which could have
acquired beneficial functions for their host (SILVA et al., 2003). The punctual distribution of
copia in the melanogaster and Zaprionus species and the lack of any evidence that justifies
the domestication hypothesis do not support such proposal in that case.

The time of divergence between Zaprionus and the melanogaster species sequences,
calculated using the divergence rate of synonymous sites in Drosophila (1.6 % per million
years, SHARP; LI, 1989), is congruent with above proposed scenario. If the mean dS value
between melanogaster and Zaprionus sequences is 0.248 (0.099-0.509), the time of
divergence should be about 8 (3-16) MYA, the period of Zaprionus subgenus divergence (7-
9 MYA) and the splitting of D. yakuba and D. melanogaster / D. simulans / D. sechellia
ancestors (8-15 MYA).

Finally, the negative selection estimated for the RT sequences between melanogaster
and Zaprionus sequences is an intriguing issue, since at the first glance it seems unlikely to
envisage any adaptive advantage represented by conserving the copia coding sequences.
Nevertheless, as proposed by Jordan and McDonald (1998b), selection on the copia
retrotransposon could occur at the genomic rather than the organismic level, which might
have enabled the TE to succeed in the “arms race”, escaping the host pressures during the
initial steps of the Drosophilidae evolution. On the other hand, a relaxed or even positive
selection on the RT sequences inside Zaprionus subgenus and melanogaster subgroup copia
elements, combined with neutral evolution in the LTR-ULR region, might have allowed the
diversification of the regulatory region in the indianus complex and the melanogaster
subgroup subfamilies more recently. These changes in the LTR-ULR could have resulted in
the copia specificities in Zaprionus subgenus, such as the G-box duplication in the Z.
indianus complex (Z. indianus, Z. africanus and Z. gabonicus), as well as the duplications in
the Full-length and ULR-gap subfamilies, which enhance the transcription levels
(MATYUNINA et al, 1996) ensuing the overcoming of the host regulation mechanisms that
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control transposition, such as the transcription regulation by the action of host regulatory
proteins (CAVAREC; HEIDMANN, 1993; PAL-BHADRA et al., 1998; BHADRA et al.,
1999), or in the RNAI pathways (KALMYKOVA et al., 2005; KAWAMURA et al., 2008).
In conclusion, the data provided by this survey of the copia retrotransposon in genus
Zaprionus reinforces the relevance of enlarging the range of species studied within a species
group, as well as in less-related groups, in order to demonstrate the diversity and complexity

of evolutionary forces acting on transposable elements and to infer their evolutionary history.
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Table 1. Species used, taxonomic classification according to Yassin et al. (2008a),
geographic origin and Genbank accession numbers for copia retrotransposon sequences

obtained in this work.

Genus Zaprionus

Geographic origin

GenBank accessions

LTR-ULR RT
Subgenus Anaprionus - - -
Z. multistriatus Bangalore (India) - FJ715493
Subgenus Zaprionus - - -
Group inermis - - -
Complex tuberculatus - - -
Z. tuberculatus Ithala (South Africa) FJ755275 to FJ755279 FJ715494
Group armatus - - -
Complex lachaisei - - -
Z. camerounensis Amani (Tanzania) FJ755280 to FJ755284 FJ715495
Complex davidi - - -
- Sdo Tomé
Z. davidi (S30 Tomé e Principe) - FJ715496
Complex indianus - - -
Z. gabonicus Makokou (Gabon) FJ755285 to FJ755289 FJ715497
Z. africanus Kibale (Uganda) FJ755290 to FJ755294 FJ715498
Z. indianus Brasilia (Brazil) FJ755295 to FJ755299 FJ715499
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Table 2. Regulatory motif sequences and location of copia 5° LTR-ULR in Zaprionus species and D.
melanogaster Full-length variant. Nucleotides in parenthesis mean indels in the alignment.

Motif

D. melanogaster

Zaprionus species

Alignment position

Sequence consensus
Heat shock element CTACAAAAATAACG CTAMAAAdJVKAAMG 10-23
TATA box CTTTATATTT YTTTATATTT 37-46
Imperfect repeat CAC(T)CTTTT(T)AT - 61-70 ; 98-109
Transcriptional start CTTTCCTTCTTGTACGTTTTT bCCTTCTTyTwddACKyTTyC 115-135
Downstream element CGTG CGTG 149-152
Poly-A signal AAATATAAATC Highly variable 172-193
Primer binding site GGTTATGGGCCCAG GG(TTATGGG)CCCAG 267-280
Engrailed site DVAAWTAAAK WMAAWTAFAT 20530 o 31
DmC/EBP site TTGTGAAwW TTGTGAAA :?3(1)3583;517?;%3%332;51%13
Dyad symmetric TTTCACA/ TTGTGAAwW - 347-365; 376-403
G-box binding factor 1 - GTGCCACGTG 357-365; 374-392
B-box binding factor 2 AAGGCTAAACGT AWK(K)Y(T)WAACG(T) 440-451
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Table 3. Summary of genetic divergence (Maximum composite likelihood distance) of copia
sequences used in the phylogenetic analysis. Z. tuberculatus LTR-ULR sequence from
McDonald et al. (1997) was included with the melanogaster subgroup sequences. NS:
number of sequences; NC: number of pairwise comparisons.

Mean (Min-Max)

Groups NS NC " TR.ULR RT
Zaprionus genus 7 25 0.084 (0-0.220) 0.065 (0.012-0.168)
melanogaster subgroup 27 15 0.027 (0-0.062) 0.024 (0-0.158)
repleta group 2 8 0.056 (0.002-0.098) 0.053

Zaprionus genus x melanogaster subgroup 34 40
Zaprionus genus X repleta group 9 33

melanogaster subgroup x repleta group 29 23

0.305 (0.238-0.447)  0.09 (0.041-0.016)
0.671 (0.606-0.807) 0.251 (0.227-0.285)
0.672 (0.603-0.737) 0.252 (0.215-0.288)
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Table 4. Comparative dN, dS, dN/dS ratios and Z-test for genus Zaprionus and melanogaster

subgroup copia RT sequences. The pairwise dN and dS values are shown in detail in the
Supplementary Table 4. * P < 0.05.

Species dN mean dS mean dN/dS mean Z-test * (%)
P (min-max) (min-max) (min-max) dN<dS dN>dS
Copia
melanoaaster 0.014 0.060 0.375 54 27
g (0-0.058) (0-0.598) (0-1.263) (15%) (8%)
Zaprionus 0.046 0.116 0.820 6 3
P (0.009-0.106) (0-0.391) (0.202-5.000)  (29%) (14%)
melanogaster vs. Zaprionus 0.038 0.248 0.156 186 0
' (0.012-0.082) (0.099-0.509) (0.046-0.462)  (98%)
Gpdh
0.175 0
melanogaster 0 (0.317-0.058) 0 100% 0
. 0.012 0.286 0.044 0
Zaprionus (0-0.039)  (0.019-0.728)  (0-0.132) 93% 0
melanogaster vs. Zaprionus 0.010 0.866 0.011 100% 0

(0.006-0.018)

(0.806-1.360)

(0.004-0.027)
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Z. multistriatus Z. tuberculatus Z. camerounensis Z. davidi
JHITPHF0 JHITPH R0 JH IT QH Q0 JH I1 9H GO
L] B D o

Z. gabonicus Z. africanus Z. indianus D. melanogaster

dH JT 9H GO dH JIT QH Qo AdH T PH Q0 JH I1 @0 Q0 -

Figure 1. RT-PCR reactions of the RT copia retrotransposon from zero to 10 days old germline
(testes and ovaries) and somatic (heads) tissues of Zaprionus species and D. melanogaster.
Ultrapure water and D. melanogaster DNA (cDNA and genomic DNA) were used as negative
and positive controls, respectively. The Gpdh RT-PCR was used as control of cDNA quality. &

male; Q: female; H: head; T: testis; O: ovary.
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| Full-length
ULR-gap

Double-gap

Z.camerounensis

\ | Z. africanus
J | Z. gabonicus

Z.indianus

Legend

/\ - Heat shock element () - Engrailed site

A - TATA box @ - DMC/EBP site

@ - Imperfect repeat @@ - Dyad symmetric (core SV40 enhancer)

0 - Transcription start O- G-box binding factor-1 (GBF-1)

[ - Downstream element e - B-box binding factor-2 (BBF-2)

e - Poly-A signal \.- Variable sites

B> - Primer binding site (PBS)

Figure 2. Structure of the 5° LTR-ULR region of the copia retrotransposon of
Zaprionus species. The comparative analysis was based on the copia elements of
D. melanogaster (Full-length and ULR-gap subfamilies) and D. simulans
(Double-gap subfamily).
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Figure 3. Phylogenetic relationships of the copia retrotransposon of genus Zaprionus, group
repleta and subgroup melanogaster, generated by ML analysis (HKY85 distance) as
implemented by PhyML. Branch consistencies were evaluated by the bootstrap method
(1,000 replications). NJ and MP reconstructions produce the same basic topology shown in
that tree, with minor differences in the melanogaster subgroup and Zaprionus clades. ***: Z.
tuberculatusMD
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Figure 4. Maximum likelihood (HKY85 distance) tree based on copia RT sequences of
Zaprionus, melanogaster and repleta species. Bootstrap support was calculated in 1,000
replications.
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Figure 5. Phylogenetic relationships of the RT region of Zaprionus, melanogaster and repleta
species reconstructed by ML method (HKY85 distance) using the first and second codon
position. Bootstrap analysis was computed with 1,000 replication. The elimination of the third
codons position minimizes the long-branch attraction effect in the Group D.
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Figure 6. Pairwise comparisons of the mean numbers of synonymous substitutions per
synonymous sites (dS) for copia RT sequences and Gpdh in species of genus Zaprionus
and the melanogaster species subgroup. MUL: Z. multistriatus; TUB: Z. tuberculatus;
CAM: Z. camerounensis; DAV: Z. davidi; IND: Z. indianus; AFR: Z. africanus; GAB: Z.
gabonicus; MEL: D. melanogaster; SIM: D. simulans; SEC: D. sechellia; YAK: D.
yakuba.



Supplementary Table 1. Genomic sequences of D. melanogaster, D. simulans,
D. sechellia and D. yakuba obtained from 12 Drosophila genome searches. *
Sequences eliminated from the phylogenetic analysis due to 100% identity among
LTR-ULR D. melanogaster A1/A2/A3 sequences and RT D. melanogaster
Al/A2/A3, D. melanogaster A4/A5/A6/A7, D. simulans A3/A4, D. sechellia
Al/A2/A3, D. sechellia A5/A8, D. sechellia A10/Al1l, D. sechellia
A15/A17/A18, D. sechellia A13/A19, D. sechellia A22/A23/A24 sequences.

Species Symbol Region Position
LTR-ULR
D. melanogaster Al 3R 15940011-15940450
A2* 2R 1105270-1105709
A3* 2L 3073099-3073538
A4 U 9085950-9086389
A5 3L 2113000-2113439
A6 X 5825876-5826316
A7 3RHet 2448871-2449311
A8 3LHet 666615-667055
B1 U 6802618-6803031
B2 3L 12954939-12955353
D. simulans Al 2R 1083313-1083753
A2 chr2h_Mrandom_039 25750-26187
A3 chrU_M_1494 1250-1689
B1 chrU_M_1901 530-942
B2 chr2zh_Mrandom_038 43713-44129
C1 chrU_M_1028 1205-1567
Cc2 chrU_M_5031 789-1163
C3 chr3h_Mrandom_003 48505-48879
Cc4 chrU_M_2295 7581-7956
C5 chr2h_Mrandom_039 21097-21471
C6 2R 1205642-1206017
D. sechellia C1 scaffold_67 99798-100173
Cc2 scaffold_479 3583-3958
C3 scaffold_80 12906-13283
C4 scaffold_1185 4664-5041
C5 scaffold_2788 1600-1976
C6 scaffold_26 331633-332012
c7 scaffold_18 747254-747630
C8 scaffold_10813 906-1282
C9 scaffold_4520 1763-2139
C10 scaffold_94 3841-4217
C11 scaffold_878 1195-1571
C12 scaffold_1731 3115-3487
C13 scaffold_1639 1871-2253
Ci14 scaffold_467 7125-7503
C15 scaffold_351 1-358
Reverse transcriptase
D. melanogaster Al 3R 27159518-27159770
A2* 3L 12952529-12952781
A3* 2L 16144526-16144778
Ad X 4180135-4180387
A5* 3RHet 2452164-2452416
A6* 3LHet 669909-670161
AT* 2R 7836-8088




Continuation Supplementary Table 1.

Species Symbol Region Position
D. simulans Al chrU_M 804 1933-2185
A2 chr2h_Mrandom_039 24207-24459
A3 chr2h_Mrandom_038 50551-50803
Ad* chrU_M_356 2893-3145
A5 chrU_M_2608 1115-1367
A6 chrU_M_226 238-490
A7 chrU_M_2295 4483-4735
A8 chrU_M_2579 795-1047
D. sechellia Al scaffold 116 88475-88727
A2* scaffold_57 255787-256039
A3* scaffold 932 369-621
A4 scaffold_209 17995-18247
A5 scaffold 94 743-995
A6 scaffold_7595 370-622
A7 scaffold_7475 248-500
A8* scaffold_2586 849-1101
A9 scaffold_1833 1943-2195
Al0 scaffold_4601 1027-1277
All* scaffold_467 4123-4373
Al2 scaffold_8980 1204-1456
Al3 scaffold_18 744205-744457
Al4 scaffold_5484 586-838
Al5 scaffold_1731 133-385
Al6 scaffold_1501 2322-2574
Al7* scaffold_1185 1666-1918
Al18* scaffold_2607 599-851
Al19* scaffold_1296 3705-3957
A20 scaffold_878 4331-4583
A21 scaffold_479 8707-8959
A22 scaffold_80 16133-16385
A23* scaffold_26 334753-335005
A24* scaffold_2195 437-689
A25 scaffold_1581 3005-3257
A26 scaffold_7249 17-260
D. yakuba Al v2_chrUn_141 5733-5983
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entary Figure 1. Multiple alignment between 5° LTR-ULR copia of Zaprionus

species and melanogaster species subgroup variants (Full-length and Double gap
subfamilies). a: heat shock element; b: TATA box; c: imperfect repeat; d: transcription start;
e: downstream element; f. poly-A signal; g: PBS; h: engrailed binding site; i: DmC/EBP
biding site; j-i: dyad symmetric (core SV40 enhancer); k: G-box binding factor-1 (GBF-1); I
B-box binding factor-2 (BBF-2).
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Comparative analyses of gypsy and micropia retrotransposons evidence similar
evolution patterns in genus Zaprionus and the melanogaster species subgroup

(Drosophilidae)
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Abstract

The Ty3/gypsy retroelements are components of the Drosophila genomes with complex
evolutionary patterns, alternating vertical and horizontal transfer mechanisms. Among them,
the gypsy and micropia retrotransposons have been studied mainly in the Drosophila genus.
Specifically in genus Zaprionus, gypsy has been punctually studied, and there is no
information at all about micropia elements. In this work, we performed the identification,
transcriptional activity evaluation and evolutionary analyses of seven species belonging to the
two Zaprionus subgenera. Zaprionus gypsy and micropia retrotransposons seem to be present
and transcriptional active only in the Zaprionus subgenus species. These sequences are highly
related to those of the melanogaster species subgroup, and the most parsimonious hypothesis
indicates that several horizontal transfer events have shaped their evolution. The results
suggest that gypsy and micropia sequences share similar age and evolutionary patterns in the
genus Zaprionus and subgroup melanogaster.

Keywords

gypsy retrotransposon, micropia retrotransposon, horizontal transfer, Drosophila, Zaprionus
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6.1 Introduction

The gypsy and micropia retrotransposons of Drosophila are Ty3/gypsy LTR
retroelements characterized by the reverse transcriptase-RNAseH-integrase arrangement in
the pol coding region (LLORENS et al., 2008a). The Ty3/Gypsy retroelements, which are
similar to vertebrate retroviruses in both sequence and genomic structure, are broadly
distributed in the eukaryotic organisms (EICKBUSH, 1994). Their main difference from the
vertebrates retroviruses is that retroviruses have an additional ORF that encodes an env
polyprotein necessary for the complete infectious cycle (LLORENS et al. 2008a). In contrast
to the typical Ty3/gypsy structure of the micropia retrotransposon, the gypsy retrotransposon is
an exception, due to the presence of an active env gene, potentially capable of maintaining the
infectious activity (LLORENS et al., 2008Db).

The micropia retrotransposon was first identified in the Drosophila hydei, associated
to fertility genes of the Y chromosome in primary spermatocytes (HUIJSER et al., 1988).
Afterwards, homologous elements have been identified in the melanogaster, willistoni and
saltans groups of the subgenus Sophophora (LANKENAU, 1993; ALMEIDA et al., 2001),
and in the immigrans, funebris, mellanica, repleta and cardini groups of the subgenus
Drosophila (LANKENAU, 1993; ALMEIDA; CARARETO, 2004; CORDEIRO et al., 2008).
However, micropia nucleotide sequences are available only for the Drosophila melanogaster,
repleta and cardini species groups (GenBank database). Evolutionary analysis of these
sequences has demonstrated the existence of at least two micropia families, which are about
30% divergent in their nucleotide sequence (ALMEIDA; CARARETO, 2004). The first
family is present in the repleta group and is composed of two subfamilies, differentiated by
nucleotide divergence and antisense RNA expression. Additionally, it seems that the repleta
species group has transmitted one of these subfamilies to the Drosophila cardini group
through horizontal transfer (HT) (CORDEIRO et al., 2008). The second micropia family is
represented by the D. melanogaster element that also transcribes antisense RNAs, responsible
for protein expression control (LANKENAU et al., 1994). These data suggest that the
micropia retrotransposon is an ancient component of Drosophila genomes (ALMEIDA,
CARARETO, 2004).

Differently from micropia, the gypsy retrotransposon has been analyzed in the 12
Drosophila genomes (LUDWIG et al.,, 2008) and individual sequences of several
Drosophilidae species are available, such as the guarani, cardini, pallidipennis, tripunctata,

virilis, repleta, anulimana and flavopilosa groups of the Drosophila subgenus; the willistoni
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and melanogaster groups of the Sophophora subgenus; and the Scaptodrosophila and
Zaprionus genera (MIZROKHI; MAZO, 1991; ALBEROLA; DE FRUTOS, 1996;
HEREDIA et al., 2004, LUDWIG et al., 2008). Two gypsy families have been identified, one
exclusive of Drosophila willistoni and the other widely distributed in Drosophilidae species
(HEREDIA et al., 2004). The widely distributed gypsy family is divided into at least ten
subfamilies and seven of them have been involved in HT events, demonstrating that the gypsy
retrotransposon inheritance is complex (HEREDIA et al., 2004; LUDWIG et al., 2008). Gypsy
HT events could be facilitated by the presence of the env gene, assumed to confer to the
retrotransposon an autonomous infectious capacity, allowing to cross species barriers
(MEJLUMIAN et al., 2002; HEREDIA et al., 2004; LUDWIG et al., 2008). Specifically in
the melanogaster species subgroup, two gypsy subfamilies were identified, and seven HTs
might be proposed between the melanogaster species subgroups or between one species of the
melanogaster subgroup and Scaptodrosophila latisfasciaeformis and Zaprionus indianus
(HEREDIA et al., 2004; LUDWIG et al., 2008). The occurrence of these inter-genera HTs has
been assumed because neutral sites of gypsy were found to be three to five times more
conserved than those of host genes harbored by species of different genera which diverged
longer than 40 MYA (HEREDIA et al., 2004).

In this study, we surveyed the gypsy and micropia retrotransposons in seven species of
genus Zaprionus, comprising one species of subgenus Anaprionus and six of subgenus
Zaprionus, and characterized their transcriptional activity and the phylogenetic relationships
between sequences of different drosophilid species. The analyses aimed at understanding the
distribution and evolutionary history of this scarcely studied genus by comparing the gypsy
and micropia sequences with those of the 12 Drosophila genomes and other sequences
available in the nucleotide database. The results show that the Zaprionus gypsy and micropia
retrotransposons are present and transcriptionally active only in the subgenus Zaprionus, in
where they were introduced by more than one horizontal transfer event from different donor

species.

6.2 Materials and methods

6.2.1 Fly stocks and DNA extraction

All Zaprionus species strains used in the present study are listed in Table 1. They were

derived from a single female selected randomly from a mass culture, kindly provided by Drs.
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Jean David and Amir Yassin from LEGS, CNRS, France. The D. melanogaster Canton-S
strain was used as positive control for the molecular analyses. Genomic DNA was extracted
from 10 individuals of each strain, using the phenol-chloroform method as described by
Jowett (1986).

6.2.2 PCR reactions, cloning and sequencing

Primers 2813 (5 TTA ACT CCT AGA GTT CAT CGC TGG 3’) and 2814 (5’ CAT
GTA CCT GGT TAA CTA CTG ACC 3’) were used to amplify the equivalent 386 bp
fragment of the D. hydei micropia retrotransposon located in a highly conserved region of the
RNAseH domain, between nucleotides 2813 and 3198 (LANKENAU et al., 1994). The gypsy
retrotransposon fragment was obtained using primers GYP3S2F (5 AAA GGC GAY TTG
GTT GAC ACT CC 3’) and GYP3S2R (5' CAR GTG GCT RGG TTG RGT GTG 3’) and
corresponds to a 485 bp sequence located in the 6491-6511 region of the envelope gene (ORF
3) of the D. melanogaster gypsy (HEREDIA et al., 2004). Both PCR reactions were
performed in a final volume of 25 ul, using 200 ng of genomic DNA, 0.4 uM of each primer,
160 uM of each dNTP, 2 mM MgCl, and 1 U Taq Platinum polymerase (Invitrogen) in 1X
PCR buffer. The cycling parameters used to amplify the gypsy fragment were: 96 °C for 2
min for initial denaturation, 35 cycles of 96 °C for 15 sec, 65 °C for 30 sec, and 72 °C for 1
min, and an additional extension step at 72 °C for 5 min. The micropia PCR cycling
parameters were: 94 °C for 3 min for initial denaturation, 40 cycles of 94 °C for 30 sec, 58 °C
for 1 min, and 72 °C for 1min, followed by a final extension step at 72 °C for 10 min. The
fragments obtained were purified directly from the PCR product, using the GFX PCR DNA
and Gel Band Purification Kit (GE Healthcare) and cloned with the TOPO TA Cloning Kit
(Invitrogen). Three randomly chosen clones were automatically sequenced in an ABI PRISM

3100 Genetic Analyzer (Applied Biosystems/Hitashi), using the primers pair T7 and M13R.

6.2.3 RNA extraction and RT-PCR reactions

Heads and gonads from 10 individuals of each sex were dissected in Testis Buffer
(183 mM KCI, 47 mM NaCl and 10 mM Tris-HCI pH 6.8). Total RNA was isolated from the
dissected tissues using the TRIZOL reagent (Invitrogen) method and genomic DNA was
eliminated from the samples by RQ1 RNase-Free DNase (Promega) treatment, according to

the manufacturer's instructions. The cDNA pool was generated from total RNAs using
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random primers and the High Capacity cDNA Archive Kit (Applied Biosystems) at low
stringency conditions (37 °C). The PCR reaction conditions and cycling parameters were
performed the same used for genomic DNA amplification of both retrotransposons. Primers
ZapGPDHF (5 GTT CGG CAA TTG AAC CAA TG 3’) and ZapGPDHR (5° AGA GAG
TCC GTG TGC ATG TG 3%), which amplify a 337 bp sequence of the Zaprionus
tuberculatus Gpdh gene ORF1 (L37039), were used to check genomic DNA contamination in
the total RNA extraction and cDNA quality. These PCR reactions were carried out using 200
ng of total cDNA, 0.1 mM of each dNTP, 0.4 uM of each primer, 2 mM MgCl, and 1 U Taq
Platinum polymerase (Invitrogen) in 1X PCR buffer. The cycling parameters were: 94 °C for
2 min for initial denaturation, 35 cycles of 94 °C for 1 min, 60 °C for 1 min and 72 °C for 1

min, and an additional extension step at 72 °C for 10 min.
6.2.4 In silico and phylogenetic analyses
The Zaprionus subgenus sequences were manipulated into the BioEdit Sequence

Alignment Editor (HALL, 1999) and aligned with Clustal W 1.81 (THOMPSON et al., 1994).
The most divergent clones (>25%) were selected as queries for a search in the 12 Drosophila

genomes using the flybase BLASTn tool (http:/flybase.bio.indiana.edu/blast/) and the
genome database released on October 17", 2008. The queries selected were Z. tuberculatusl,
Z. tuberculatus5 and Zaprionus gabonicusl for gypsy, and Z. tuberculatus2 and Zaprionus
africanusl for micropia. In order to obtain only highly related and non-disrupted sequences,
the searches were performed with stringency parameters (e-values > e->° and 90% coverage).
The redundant genomic sequences (100% identical) were not included in the phylogenetic
analyses, in order to minimize polytomies.

Multiple alignments of the Zaprionus and the genomic sequences were used to infer
the phylogenetic relationships, using the maximum likelihood (ML), neighbor-joining (NJ)
and maximum parsimony (MP) methods, as implemented in PhyML 3.0 (GUINDON;
GASCUEL, 2003), MEGA 4.1 (TAMURA et al., 2007) and PAUP v.4.0b10 (SWOFFORD,
1997), respectively. Branch support was calculated by bootstrap analysis consisting of 1000
replicates (FELSENSTEIN, 1985). In the NJ and ML analyses, the maximum composite
likelihood (TAMURA et al., 2004) and HKY85 (HASEGAWA et al., 1985) distances were
used to estimate the divergence matrices and reconstructed trees, respectively. A heuristic
search algorithm was used for the MP reconstruction. The sequences produced were

registered in the GenBank database (Table 1). Gypsy sequences of S. latisfaciaeformis
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(AF548144, AF548153 and AF548152) and D. willistoni (AF548159, AF548176 and
AF548143), and micropia sequences of Drosophila buzzatii (AY522351), D. hydei
(AY519123), Drosophila paranaensis (AY519124), Drosophila mercatorum (AY519125),
Drosophila seriema (AY522346), Drosophila gouveai (AY522353), Drosophila antonietae
(AY522345), Drosophila serido (AY522344), Drosophila spenceri (AY522347), Drosophila
koepferae (AY522352) from GenBank were also used in the phylogenetic reconstruction.

The number of synonymous substitutions per synonymous site (dS), non-synonymous
substitutions per non-synonymous site (dN), the Codon Based Z-test and dN/dS ratios were
estimated for the Zaprionus and melanogaster sequences using the Nei and Gojobori (1986)
distance with the Jukes and Cantor correction as implemented in MEGA 4.1 (TAMURA et
al., 2007). The gypsy sequences Drosophila sechelliaA6/B14/B15, Drosophila yakubaA6 and
Drosophila erectaA2/A6/B9, as well the micropia sequences Drosophila simulansA3/A6, D.
sechelliaA9/A18/A20 and D. yakubaA3 were excluded from those alignments because of the
presence of large indels (>2 bp), disrupting the open reading frames. Punctual (1 bp)
alignment gaps were deleted prior to estimation of dN and dS. The codon bias index (CBlI,
[MORTON, 1993]) was estimated for each sequence, using the DnaSP 4.50 program (ROZAS
et al., 2003), where zero indicates no bias, and 1 shows maximum bias. Sequences of exon 4
of the Gpdh gene of Zaprionus and melanogaster subgroup species (FJ705445 to FJ705450,
L37039, NM_057218, XM_002078253, XM_002089126, XM_001968825 and D. sechellia
genomic sequence: scaffold_5 / 4016995-4017372) were used to compare the dS values of
gypsy and micropia sequences.

The time of divergence of gypsy and micropia retrotransposons was estimated
according to the equation r = k / 2T, where r is the evolutionary rate (1.6 % per site per
millions of years, according to synonymous sites rate for genes with low codon bias in
Drosophila, [SHARP; LI, 1989]), k is the dS pairwise divergence, and T is the divergence

time between species.

6.2.5. Median-joining networks

The median-joining network reconstructions were performed using the DNA Aligment
1.3.0.1 and NETWORK 4.5.1.0 softwares (BANDELT, 1999), available at the Fluxus
Technology Ltd. website. MP calculation was performed for the networks post-processing,
the characters were equally weighted, and the other median-joining parameters followed the
software default.
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6.3 Results

6.3.1 Distribution and transcriptional activity of gypsy and micropia in genus Zaprionus

The PCR reactions allowed isolating the gypsy and micropia sequences in all
Zaprionus subgenus species investigated, but not in subgenus Anaprionus, by screening
Zaprionus multistriatus (data not show). The gypsy and micropia transcriptional activity was
studied by a RT-PCR approach. Amplicons of the expected size were clearly detected in
samples obtained from all Zaprionus subgenus species, but again not in Z. multistriatus
(Figure 1), corroborating the analysis performed with genomic DNA. No sex or tissue
specificity in the transcriptional pattern was observed by the RT-PCR analyses. However,
amplification of micropia was absent in the Zaprionus camerounensis female heads and

weaker in the Z. indianus ovaries.

6.3.2 Evolutionary analysis of the gypsy retrotransposon

The in silico search retrieved genomic sequences only for the melanogaster species
subgroup, indicating that the genomes of Drosophila ananassae, Drosophila pseudoobscura,
Drosophila persimilis, D. willistoni, Drosophila mojavensis, Drosophila virilis and
Drosophila grimshawi do not harbor gypsy sequences highly related to those of subgenus
Zaprionus. Eight sequences were identified in D. melanogaster, nine in D. simulans, 19 in D.
sechellia, six in D. yakuba, and 13 in D. erecta (Supplementary Table 1). After redundancy
exclusion of the genomic sequences, phylogenetic analyses were performed with three
sequences of each Zaprionus species and 52 sequences of the melanogaster species subgroup,
totalizing 70 sequences. The S. latisfasciaeformis and D. willistoni sequences were included
in the reconstructions in view of their, respectively, closer and more distant evolutionary
relationships to the melanogaster species subgroup (HEREDIA et al. 2004). Additionally, a
tree was constructed using sequences of 17 Drosophila species described by Heredia et al.
(2004), but no new information was obtained compared to the Zaprionus / melanogaster / D.
willistoni / S. latisfasciaeformis species tree (data not shown). The phylogenetic relationships
detected using the MP, ML, and NJ methods produced similar patterns, with identical main
branches. Figure 2 shows the tree reconstructed by ML analysis. A major clade harbors all
sequences of genus Zaprionus, the melanogaster species subgroup and S. latisfasciaeformis in

100% of bootstrap replications. It was divided into three secondary groups of sequences not
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congruent with the species phylogeny. The first clade (bootstrap 97 %) contains sequences of
D. melanogaster, D. erecta, D. simulans and only one sequence of genus Zaprionus, Z.
tuberculatusl. The second clade (bootstrap 84 %) includes Z. tuberculatus, Zaprionus
camerounensis, S. latisfasciaeformis, D. melanogaster, D. erecta and all sequences of D.
yakuba, except for D. yakubaA6 that branches outside the three groups. The clustering of D.
erecta and S. latisfasciaeformis has already been reported and explained as an HT event by
Ludwig et al. (2008). Finally, the third clade comprises the gypsy sequences of Zaprionus
davidi, Z. indianus and of two cryptic species, Z. gabonicus and Z. africanus, as well as
sequences of D. melanogaster, D. simulans and all sequences of D. sechellia, with no
bootstrap support.

The maximum composite likelihood pairwise distances show that the sequences within
each clade have relatively low divergence levels, with mean values of 0.063 within clade one,
0.070 within clade 2, and 0.042 within clade 3 (Table 2 and Supplementary Table 2). The
distances of the Zaprionus vs. melanogaster species within each group are similar to the mean
values. The mean distances among the clades show that clade 2 is more similar to clade 3 than
to clade 1, with means of 0.119 (clade 2 vs. clade 3), 0.239 (clade 1 vs. clade 2) and 0.241
(clade 1 vs. clade 3). Since clade 1 of sequences is about 0.24 divergent from the clades 2 and
3, it was considered as belonging to subfamily (Subfamily 1); on the other hand, the
divergence of 0.12 between clades 2 and 3 led us to classify them as two variants (V1 and V2)
of the same subfamily (Subfamily 2).

The Drosophila gypsy sequences, with a variation of up to 20% in the nucleotide
composition, were classified into subfamilies by Heredia et al. (2004) and Ludwig et al.
(2008). These authors classified sequences found in Z. indianus and in the melanogaster
species subgroup into two gypsy subfamilies: clade 13, clustering D. melanogaster, D.
simulans, D. sechellia and D. erecta sequences, and clade 12, comprising D. melanogaster, D.
simulans, D. sechellia, D. erecta, D. yakuba and Z. indianus sequences. The addition of 18
sequences belonging to six Zaprionus species corroborates those results. The distribution of
the melanogaster species subgroup sequences in Subfamily 1 indicates that it corresponds to
clade 13, except for the absence of any D. sechellia sequence. Hence, although the
phylogenetic tree topology did not cluster the variants of Subfamily 2 together, the absence of
bootstrap clustering of Subfamily 1 and Subfamily 2 — V1, the smaller distances and the
species distribution show that they are equivalent to clade 12. Additionally, the inclusion of
new Zaprionus species sequences allowed identifying two different gypsy variants belonging

to the clade 12 family.
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Three hypotheses could explain the high levels of conservation among sequences
within each group (0.04-0.07) and the gypsy phylogeny inconsistencies compared to the
species tree: ancestral polymorphism promoting differential subfamily fixation in the species,
high selective constraints over the sequences, or the occurrence of HT. In order to test which
hypothesis better explains the estimated conservation, the dS values and dN/dS ratios within
the groups of sequences were compared to those of the host Gpdh gene. The mean gypsy
dN/dS ratios varied from 0.153 to 1.002, while the Gpdh mean values did not exceed 0.041
(Table 3). These ratios indicate that, in spite of the dN/dS < 1, purifying selection on the
gypsy env sequences is relaxed (dN/dS mean: 0.527), as expected for transposable elements.
Additionally, the Z-test indicates that most of the pairwise comparisons within the groups (62
%) evidenced neutrality for the gypsy env region (Supplementary Table 4). Nevertheless, the
neutrality hypothesis was refuted for all pairwise comparisons between the groups, indicating
that purifying selection plays a role in the conservation of the env coding sequence among the
gypsy subfamilies.

The dS comparisons also allow rejecting the hypothesis of ancestral polymorphism
within groups (Figure 3). By this approach, one clone representing each species of Zaprionus
and the best Blast subject of the genomic sequences of the different groups were compared. In
a vertical transmission scenario, the dS values of the TE should be equivalent to or higher
than those of the host gene, evolving in the absence of a strong codon usage bias. The CBI
index indicates that the gypsy and Gpdh sequences did not suffer high codon bias, although
the mean value of 0.602 for Gpdh suggests that low variation in the dS magnitude between
Gpdh and gypsy should be taken with caution for the HT inferences, since the variation in the
Gpdh dS distance could reflect the codon usage. Hence, the comparisons between gypsy and
Gpdh dS were used to infer HT only if the dS values of gypsy were at least two times lower
than those of Gpdh. In all comparisons between Zaprionus and melanogaster species, the dS
values of gypsy were lower than those of Gpdh, varying from three times (Z. tuberculatus5 vs.
D. melanogaster5 and D. erecta3) to 20 times (D. melanogaster7 vs. Z. davidi2) lower.
Moreover, the dS comparisons between Zaprionus species within each group were not as
highly variable as in Zaprionus vs. melanogaster species. These results may indicate that the
gypsy retrotransposon evolved mainly by vertical inheritance within the Zaprionus subgenus
species, but HT events might have happened between the Zaprionus and the melanogaster

species.



118

6.3.3 Phylogenetic relationships of the micropia retrotransposon

The BLASTN tool also allowed identifying micropia sequences homologous to the
Zaprionus species only in genomes of the melanogaster species subgroup, except for D.
erecta (Supplementary Table 1). D. sechellia had the highest number of hits (22 sequences),
followed by D. simulans (six sequences), D. yakuba (four sequences) and D. melanogaster
(three sequences). The tree reconstruction performed with the micropia clones of subgenus
Zaprionus, the genomic sequences of the melanogaster species subgroup and the GenBank
sequences of the repleta species, using the MP, NJ and ML methods, resulted in similar
topologies. The repleta group sequences were clustered outside of a well-supported clade that
harbors all sequences of subgenus Zaprionus and the melanogaster species subgroup, divided
into two clades (Figure 4). The first clade, with low support (48%), grouped the D.
sechelliaA20 sequence and three internal clades, corresponding to the Z. camerounensis
sequences (bootstrap 98%), D. yakuba (no support) and the sequences of Z. davidi, Z.
indianus, Z. africanus and Z. gabonicus (bootstrap 75%). The last clade did not present a clear
internal species-specific clusterization. The second clade grouped together the sequences of
the melanogaster species group (D. melanogaster, D. simulans and D. sechellia) and Z.
tuberculatus in 76% of the replications. Despite the clusterization of all melanogaster
sequences in the second clade, the support is not high (52%). The mean divergence within
clade 1 (0.009) is lower that than in clade 2 (0.051) and between the two clades (0.074).
Analyzing the species separately, the mean divergence of the Zaprionus sequences was
0.0328, within the melanogaster species subgroup it was 0.0466, and between Zaprionus and
the melanogaster sequences it was 0.0727 (Table 2 and Supplementary Table 5). The Z.
davidi2 / Z. africanus5, D. melanogasterAl / D. simulansAl / D. sechelliaAl and D.
simulansA6 / D. sechelliaA9 pairs of sequences were identical.

The same rationale and approach used to interpret the results obtained for the gypsy
retrotransposon were applied to infer the evolutionary history of the micropia retrotransposon
of Zaprionus and melanogaster species. The mean dN/dS values of the micropia sequences
were 14 to 58 times lower than those of the Gpdh gene (Table 3). For the Zaprionus and
melanogaster sequences, for example, they were: micropia: 0.524; Gpdh: 0.009. Moreover,
the Z-test of neutrality failed to reject the null hypothesis in about 80% of the pairwise
comparisons (Supplementary Table 7). These results do not corroborate the hypothesis that
the high similarity between the micropia sequences of Zaprionus and melanogaster due to

high selective constraints conserving the nucleotide sequences.
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The dS comparisons of micropia and Gpdh were made between the sequences of
subgenus Zaprionus within clade 1, between the melanogaster sequences (D. melanogaster,
D. simulans and D. sechellia) within clade 2, and in the Zaprionus vs. melanogaster
sequences for clades 1 and 2 (Figure 5). All the dS distances for the micropia sequences were
lower than those of the Gpdh; for instance, the dS between Z. tuberculatus and the
melanogaster sequences in clade 1 was 61 (vs. D. simulans) to 76 (vs. D. sechellia) times
lower than that those of the host gene, and those of the D. yakubaAl sequence were 18 (vs. Z.
indianus2) to 31 (vs. Z. camerounensisl) times lower. Additionally, there were pairwise
comparisons in which the synonymous sites were invariable, such as those of the D.
melanogaster, D. simulans and D. sechellia sequences, and those of Z. camerounensis vs. Z.
davidi, Z. africanus and Z. gabonicus. The high conservation in the neutral positions of the
RNAseH sequences favor the hypothesis that micropia has not been evolving separately since
the split of the Zaprionus subgenus and the melanogaster species subgroup, suggesting that
this retrotransposon has been horizontally transmitted in the Drosophilidae family, as already

proposed for the gypsy retrotransposon.

6.3.4 Network reconstructions corroborate the HT inferences

Phylogenetic methods have been widely used to infer the evolutionary history of
transposable elements. However, this approach represents only bifurcation processes (in
which the sampled sequences necessarily split into descendent nodes), whereas the internal
nodes are unsampled, consequently, not reconstructed. On the other hand, network
phylogenetic approaches have been developed to reconstruct the history between closely
conserved sequences, providing indication of the ancestral nodes and expansion events
(CORDAUX et al., 2004). This kind of analysis has been punctually used to infer the
dispersion pattern of Class | transposable elements, such as the human Alu elements
(CORDAUX et al., 2004) and the Solanacea Tnt-1-like retrotransposons (MANETTI et al.,
2007), or to understand the pattern of nested TEs in the D. melanogaster genome
(BERGMAN et al. 2006). Originally, the network approach was developed for studying
highly related data of intraspecific variation, however, the TE sequences of the gypsy and
micropia retrotransposons can be considered sequence populations that share a common
ancestor. Here, network phylogenetic analysis was utilized to identify sequences which could
represent possible ancestral nodes and to apply an extra approach to test the hypothesis that

horizontal transfer has shaped the evolution of gypsy and micropia in Zaprionus and
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melanogaster species. The median-joining network phylogenetic analyses were made using
all sequences studied in the conventional phylogenetic trees. The results are shown in detail
in Figure 6.

The typical phylogenetic tree and the distance values for the gypsy retrotransposon
demonstrated the presence of two sequence subfamilies, the Subfamily 1 and the Subfamily 2,
composed by two variant types. Both subfamilies presented incongruences in the tree, due to
the clustering of Zaprionus and melanogaster sequences. The network corroborates these
results, since the same sequence clusters were produced (Figure 6A). Moreover, the
Subfamily 1 subfamily was closer to the Subfamily V2 than to V1. In the network analysis,
the presence of median vectors connecting the Zaprionus and melanogaster sequences
suggests that the HT events happened in the ancestors of the sampled sequences, indicating
that the transmissions were not strictly recent and that the sequences have accumulated
mutations after the HT. The sole exception was within Subfamily 2 — V2, where the Z.
davidi2 sequence was the ancestral node of the Z. africanus2 sequence (Figure 6B),
suggesting one HT event from Z. davidi to Z. africanus, that was not evidenced by the dS
comparisons of gypsy and Gpdh. Additionally, the network reconstruction allowed to include
the D. yakubaA6 sequence as a Subfamily 2 — V2 member.

Network reconstruction for the micropia retrotransposon also followed the basic
topology of the phylogenetic tree (Figure 6C). The sequences of D. yakuba, D. melanogaster,
Z. camerounensis, Z. davidi, Z. indianus and Z. africanus branched with the median vectors,
suggesting that high sequence conservation was not due to HT events occurred directly from
the sampled sequences. Nevertheless, the D. melanogasterA3 sequence connects the median
vectors with a large cluster that harbors D. sechellia, D. simulans and D. melanogaster
sequences, which in turn links a median branch to the Z. tuberculatus sequences. This
arrangement could indicate al least two more recent HT events, one from D. melanogaster to
D. simulans and/or D. sechellia, or even the ancestor of these highly related sequences, and a
second event from any of these species to Z. tuberculatus. Additionally, the branch of the D.
sechelliaA20 sequence with a median vector that links Z. camerounensis, Z. davidi, Z.
indianus and Z. africanus sequences suggests an additional HT.

6.3.5 Estimation of the divergence time between TE sequences

To reinforce the suggestion of horizontal transfer occurrence, the divergence time of

both retrotransposons was calculated using the substitution rate for non-synonymous sites of
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Drosophila nuclear genes, estimated at 1.6% per MY (SHARP; LI, 1989). Among the HTs
inferred for the gypsy retrotransposon, five events seemed to involve Zaprionus and
melanogaster species, three events only species of the melanogaster group, and one only
Zaprionus species. For the micropia retrotransposon, eight HTs were suggested: two between
the Zaprionus and the melanogaster species, three among the melanogaster species, and three
restricted to the Zaprionus species.

The estimation of the divergence times for gypsy sequences showed that the HTs seem
to have occurred around 0.4 to 7.6 MYA (Table 4), i.e., in a period that is more recent than
the origin of the Drosophila genus (at least 40 MYA, [RUSSO et al. 1995]). For Subfamily 1,
two HTs are proposed, one involving D. melanogaster and D. erecta sequences (0.406-2.125
MYA), and the other between the D. melanogaster / D. simulans species ancestor and Z.
tuberculatus (about 2.5 MYA). Within Subfamily 2 - V1, four HTs seem to have occurred, all
of them involving D. erecta: the first with D. yakuba (2.156-2.625 MYA), the second with D.
melanogaster (1.718-2.656 MYA), the third with Z. tuberculatus (3.5 to 7.6 MYA), and the
last one with the ancestor of Z. camerounensis / Z. davidi (0.8 to 2.4 MYA). Finally, for
Subfamily 2 - V2, the divergence time suggested three HTs: two involving the D.
melanogaster/D. simulans/D. sechellia species ancestor vs. the indianus complex ancestor
(around 0.4-3.2 MYA) and Z. davidi (0.4-1.3 MYA), and the third between Z. davidi and Z.
africanus (1.3 MYA).

Regarding the micropia retrotransposon, the HTs seem to have occurred very recently,
since the times of divergence were very low or impossible to be calculated, due to the
invariability in its synonymous positions (Table 4). Seven HTs were proposed, five of which
seemed to involve an unknown donor and D. melanogaster, D. yakuba (1.156-1.781 MYA),
the indianus complex (up to 1.181 MYA), Z. davidi and Z. camerounensis. Other two HTs
seemingly to have happened between D. melanogaster or the D. simulans/D. sechellia
ancestor and Z. tuberculatus (0.5-1.0 MYA), and the ancestor of D. sechellia and the indianus

or davidi complex ancestors (1.7-2.4 MYA).

6.4 Discussion

This survey of the gypsy and micropia retrotransposons in seven species of genus
Zaprionus indicates that they are widely distributed and transcriptionally active only in
species of subgenus Zaprionus. Additionally, the evolutionary analyses demonstrated that

these two Zaprionus retrotransposons are closely related to those of the melanogaster species
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subgroup, and that their histories might have been repeatedly marked by events of horizontal
transfer. Several pieces of evidence showed that the phenomenon of horizontal transfer is
frequent in eukaryotes (LORETO et al., 2008; PACE et al., 2008; ROULIN et al., 2008;
CHENG et al., 2009), and in Drosophila the number of HTs suspected for class Il elements
and LTR retrotransposons is fairly similar (LORETO et al., 2008). The studies of micropia
and gypsy retrotransposons in subgenus Zaprionus species highlight horizontal transmission

as an alternative evolutionary mechanism of the LTR retrotransposon evolution.

6.4.1 Gypsy evolution in the Zaprionus subgenus and melanogaster subgroup species

Evolutionary studies focusing the gypsy retrotransposon in the Drosophilidae family
have shown that this element evolves through a considerable amount of HT events
(HEREDIA et al., 2004; LUDWIG et al., 2008). Prior to the present study, sequences of only
one species of subgenus Zaprionus were found in the database, and their nucleotide
composition suggested that Z. indianus received its gypsy retrotransposon from D. simulans
(HEREDIA et al., 2004). The data presented here broaden the comprehension of the gypsy
evolutionary history in Drosophilidae. We were able to show that the gypsy sequences of
subgenus Zaprionus can be grouped into two subfamilies (Subfamily 1 and Subfamily 2) and
V2) which diverge by about 20% of their nucleotide sequences. One of these subfamilies is
composed of two variants (Subfamily 2 — V1 and V2), with different distribution patterns.
The differentiation of these variants was inferred based on the clusterization pattern in the
phylogenetic tree, the network analyses and the mean nucleotide divergence of 0.12. The
sampling of three gypsy sequences for each Zaprionus species could underestimate the
subfamily variability in the six species studied, leading misunderstanding of the evolutionary
patterns. However, a Southern blot analysis has indicated that gypsy and micropia
retrotransposons present low insertion numbers in the subgenus Zaprionus, varying from one
gypsy insertion (Z. gabonicus) to seven (Z. indianus and Z. davidi), and two micropia
insertions (Z. camerounensis and Z. africanus) to seven (Z. indianus) (Supplementary Figure
1). These copy numbers and the close clustering of sequences of each species in the gypsy and
micropia trees, except for gypsy of Z. tuberculatus, led us to consider adequate the sequencing
of three clones for these phylogenetic studies.

The dN/dS ratios low values between gypsy subfamilies and variants could
demonstrate that non-synonymous sites of gypsy env gene were negatively selected during the

retrotransposon evolution, maintaining the structure of this protein. It is difficult to envisage
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purifying selection playing a role in TE evolution, but it has been proposed that natural
selection could act at the genomic level, conserving the different TE genes, as proposed for
the copia retrotransposon of melanogaster species group. TE protein conservation might have
been achieved for active elements which transpose more efficiently and at a higher rate,
permitting their survival and propagation (JORDAN; MCDONALD, 1998).

In contrast to the inter-subfamily and variant comparisons, the comparisons made
within the sequences in each clade show low selection and sequence variability, as well as a
complex distribution, suggesting that the gypsy retrotransposon was introduced in the
Zaprionus species genomes through horizontal transfer, probably from species of the
melanogaster subgroup, or from their ancestors, to the Zaprionus species ancestors.
Additionally, our data corroborate previous reports indicating that gypsy sequences of
Subfamily 1 and 2 crossed the species limits within the melanogaster species subgroup
(LUDWIG et al., 2008). It seems, however, that, after its introduction into the Zaprionus
species, gypsy has been transmitted only vertically. Although we are unable to explain the
reason, it seems that the Zaprionus species are no longer as prone to horizontal transfer of
gypsy as they once were; it is however possible that HT continues to occur among Zaprionus
species not studied yet. Sampling higher number of Zaprionus and other drosophilid species
is fundamental to devising a more reliable scenario of gypsy evolution in the Zaprionus
subgenus species.

The Subfamily 1 of gypsy sequences seems to be an ancestral component of the D.
melanogaster and D. simulans genomes, once the comparative analyses of the neutral sites
show that gypsy is more variable than the Gpdh gene. Although our in silico approach did not
retrive Subfamily 1 sequences in D. sechellia, Ludwig et al. (2008) reported their presence,
corroborating their ancestor status in D. melanogaster / D. simulans / D. sechellia species. On
the other hand, the presence of this subfamily in Z. tuberculatus and D. erecta genomes, as
well the gypsy and Gpdh dS comparisons, suggest their introduction by two independent HT
events. A transfer from a D. melanogaster / D. simulans ancestor to Z. tuberculatus is
proposed, based on the divergence time of the sequences (around 2.5 MYA), close but prior to
the time of D. melanogaster / D. simulans splitting (2-3 MYA), and the basal positioning of Z.
tuberculatus sequence in the network. Later on (0.4-2.1 MYA), a transfer between D.
melanogaster and D. erecta may have occurred. Although an alternative hypothesis of HT
between D. simulans and D. erecta could be formulated, based on the phylogenetic tree, the
greater difference in the dS comparisons between the pair D. erecta / D. melanogaster (gypsy

dS is 20.2 times higher than Gpdh dS) than in D. erecta / D. simulans (2.6 times) reinforces
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the first hypothesis. Ludwig et al. (2008) have already proposed such a transfer, but no
direction was inferred. We propose that D. melanogaster was the donor species, based on the
evidence of gypsy vertical transmission between D. melanogaster / D. simulans / D. erecta
species.

The V1 gypsy sequences seem to have an independent evolutionary history from that
of Subfamily 1. At least four HT events can be proposed. Based on the basal branching of the
D. erecta gypsy sequences in the network, the repeated clustering to all the other species of
this group in the phylogeny, the TE divergence times and the estimate that the D. erecta
diverged from D. melanogaster and D. yakuba about 13-15 MYA (LACHAISE; SILVAIN,
2004), we suggest that D. erecta was the donor of V1 sequences in a more ancient transfer to
Z. tuberculatus (occurred about 3.5-7.6 MYA), followed by the introduction into D. yakuba
(2.1-2.6 MYA), D. melanogaster (1.7-2.6 MYA), and ultimately in the Z. camerounensis / Z.
davidi ancestor (0.8-2.4 MYA). The last HT seems to have occurred in the Z. camerounensis /
Z. davidi ancestor, because these species diverged around 2.2 MYA (YASSIN et al., 2008).
Ludwig et al. (2008) proposed three horizontal transfers with no defined direction into this
group: D. melanogaster vs. D. erecta, D. yakuba vs. D. erecta, and D. melanogaster vs. D.
yakuba. As for sequences Subfamily 1, our results allow proposing the direction of the two
first transfers: from D. erecta to D. melanogaster and D. yakuba. Although the dS
comparisons showed that gypsy is less variable than Gpdh in D. melanogaster / D. yakuba
comparison, the phylogenetic tree does not corroborate the last HT proposition of Ludwig et
al. (2008).

The dS comparisons of the V2 sequences of D. melanogaster, D. simulans and D.
sechellia, as well as of the indianus species complex (Z. indianus, Z. africanus and Z.
gabonicus), indicate that these gypsy sequences were transferred by vertical transmission
within these groups. However, the dS comparisons, the phylogenetic inconsistencies and the
times of divergence among them and from Z. davidi indicate that two HTs could have
occurred in the ancestor of the modern sequences, the first between a D. melanogaster / D.
simulans / D. sechellia ancestor and an indianus complex ancestor (around 0.4-3.2 MYA),
and the second between a D. melanogaster / D. simulans / D. sechellia ancestor and Z. davidi
(0.4-1.3 MYA), or its ancestor, since Z. davidi is the only species of the lachaisei complex
analyzed in this study, and this species complex diverged about 0.8 MYA (YASSIN et al.,
2008). A HT between a D. melanogaster / D. simulans / D. sechellia ancestor and the

indianus complex ancestor is a wider scenario to the HT inference between Z. indianus and D.
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simulans made by HEREDIA et al. (2004), exemplifying the importance of analyzing as many
species as possible before inferring horizontal transfers, as pointed out by Loreto et al. (2008).

The last horizontal transfer proposed for Subfamily 2 — V2 exemplifies the typical HT
evidence that can be demonstrated by network reconstructions but is impossible to be
visualized in a classical phylogenetic tree. In the network tree, the Z. davidi2 sequence
appears as an ancestral node of the Z. africanus2 sequence branch (Figure 6B), suggesting an
additional HT between these species. The gypsy and Gpdh dS comparison corroborate such a
transfer, which seems to have happened around 1.3 MYA, subsequent to the divergence of
these species (2.6 to 4.1 MYA). The HT between Z. davidi and Z. africanus demonstrates the
relevance of applying the network method as a complementary analysis to reconstruct the

history of transposable elements.

6.4.2 Micropia evolution in the Zaprionus subgenus and melanogaster species subgroup

The analyses of the micropia retrotransposon demonstrated that the subgenus
Zaprionus harbors potentially active micropia sequences and interestingly, as demonstrated
for the gypsy retrotransposon, they are closely related to those of the melanogaster subgroup,
with one exception: the absence of related sequences in the D. erecta genome. The
phylogenetic and distance estimations of the Zaprionus, melanogaster and repleta sequences
show that the micropia retrotransposons of the Zaprionus and melanogaster species belong to
the same subfamily, since the divergence between their nucleotide sequences is less than 20%.
Taking together the low significance of the purifying selection evidenced by the dN/dS ratios,
the low divergence, the comparisons with the Gpdh gene, the phylogeny and the network
reconstruction, we suggest that HT has also played an important role in the evolution of the
micropia retrotransposon.

Comparing the divergence times between the micropia retrotransposon of the
Zaprionus and melanogaster sequences with those of gypsy, it can be inferred that the HT
micropia wave might have started more recently than that of gypsy (gypsy HTs: 0.4-7.6 MYA,
micropia HTs: 0.5-2.4 MYA). The isolated central cluster of median vectors in the network
diagram and the assumption that micropia divergence took place after the splitting of genus
Zaprionus and the melanogaster group (40 MYA), Z. camerounensis and the indianus
complex (2.2 MYA), and Z. camerounensis and Z. davidi species (0.8 MYA) suggest that an
unknown species transferred micropia sequences independently to D. melanogaster, D.

yakuba, Z. camerounensis, Z. davidi and the indianus complex. The invariability of the
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synonymous positions makes it difficult to date these events, but the higher dS levels suggest
that of the species analyzed in this study, D. yakuba and the indianus complex species were
the first ones to receive micropia. The probable donor might have been a non-studied species,
and neither the repleta nor the cardini species groups of Drosophila are good candidates,
since they harbor micropia retrotransposons of a different family (ALMEIDA; CARARETO,
2004; CORDEIRO et al., 2008).

The other three micropia HTs were emphasized by the network analysis. D.
melanogaster could be the donor of micropia to the D. simulans / D. sechellia ancestor (HT
estimated at 0.5 MYA), or even to the two species separately, due to their positioning as an
ancestral node in the network and the probable species splitting time (0.4 MYA [LACHAISE;
SILVAIN, 2004]). In turn, one of these three species was involved in the Z. tuberculatus
micropia transmission. The divergence time of the Z. tuberculatus micropia sequences (0.5-
1.0 MYA) could indicate that the HT happened before the D. simulans/D. sechellia transfer,
which was not supported by the network analysis. The divergence time (around 1.7 and 2.4
MYA) of the sequences involved in the last HT proposed, from the indianus or the davidi
complex to a D. sechellia ancestor, could be an overestimation, due to a sequence-specific
high evolutionary rate, evidenced by the absence of clusterization and the long branch in the
phylogenetic tree (BERGSTEN, 2005). All these results indicate that horizontal transfer was
significant to the history of micropia in these species, but also stress the importance of
analyzing a great number of species, in order to make more realistic inferences of the

evolutionary steps of transposable elements.

6.4.3 Similar evolution patterns of gypsy and micropia retrotransposons

A high frequency of horizontal transmission of transposable elements in the
melanogaster species group has been inferred previously (BOWEN; MCDONALD, 2001;
HEREDIA et al., 2004; SANCHEZ-GRACIA et al., 2005; LUDWIG et al., 2008). Our results
suggest that the Zaprionus species have also experienced waves of retrotransposon
introductions, particularly in the last seven million of years. Apparently, species of the
melanogaster subgroup might have donated their gypsy sequences to species of the Zaprionus
subgenus, and these two species groups could have received the micropia retrotransposon
from one or more unknown donor species. Additionally, after the initial introduction, these
species were able to share their elements, a phenomenon evidenced by the posterior horizontal

transmissions. Since genus Zaprionus and the melanogaster subgroup seem to share the same
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age of origin and diversification in the tropical Africa (LACHAISE; SILVAIN, 2004,
YASSIN et al., 2008), as well as similar oviposition site environments and anthophilic
relationships for some species (YASSIN et al., 2008), our data suggest that they passed
through a permissive period of transposable element introduction during the diversification
period, characterized here for the evolution of the micropia and gypsy retrotransposons. In a
more recent period, copia also appears to have been involved in horizontal transmissions from
the Zaprionus genus ancestor to the melanogaster species group (DE SETTA et al., data not
published). Although the selection tests did not show high selective constraints conserving the
Zaprionus and melanogaster sequences of both retrotransposons, the alternative hypothesis of
some selective constraints conserving these retrotransposon coding sequences, including the
synonymous sites cannot be ruled out. High purifying selection has been shown to maintain
conserved non-coding elements in the human genome due to TE fragments exaptation
(SILVA et al., 2003; LOWE et al., 2007) According to our results, the exaptation hypothesis
might not be reasonable for the gypsy and micropia conservation, since these elements are
autonomous and full-length retrotransposons in D. melanogaster (MUGNIER et al., 2008).

We have shown here that the gypsy and micropia retrotransposons had similar
evolutionary patterns in the Zaprionus subgenus and the melanogaster subgroup species, once
they seem to have participated of several inter- and intra-subgenus horizontal transfers. A
question that can be formulated is whether these elements have been transferred by similar
ways. Horizontal transfer of gypsy is easier to explain, once the active gypsy env gene can
enable its dispersion and expansion of the genomic territory, but this mechanism does not fit
to micropia that does not have an envelope gene. Nevertheless, it has been proposed that
retrotransposons could have been transferred concomitantly with retroviruses infections, even
the gypsy retrotransposon, or parasitic infestations, as for example by the Wolbachia
intracellular bacteria or mites (LORETO et al., 2008). Although our data allowed to propose
horizontal transmissions of gypsy and micropia among sister species such as D. melanogaster,
D. simulans and D. sechellia, the occurrence of introgression cannot be ruled out as an
alternative explanation for HT.

Another concern is the evolutionary process of fixation of the transposable elements
after the horizontal introduction. These species could share similar mechanisms of
transposable element regulation, which would permit escaping from the selective forces and
allow fixation after the introduction. It has been shown that the control of Drosophila
retrotransposon mobilization depends on the transcription rate, which is directly related to the
presence of specific regulatory proteins (CAVAREC; HEIDMANN, 1993; BHADRA et al.,
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1999; PAL-BHADRA et al., 1998; CAVAREC et al., 1994; TULIN et al., 2002) and the rate
of RNA degradation, mediated by the RNAI system (BRENNECKE et al., 2007; SIOMI et al.,
2008). However, genetic information concerning the species of genus Zaprionus is scarce.
Further, studies of the Zaprionus genes involved in the mobilization control could lead to
proposing hypotheses about the mechanisms that permit the sharing of highly related

sequences in the Zaprionus and melanogaster species genomes.
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Table 1. Species studied, taxonomic classification, divergence time according to Yassin et al.
(2008), geographic origin of the Zaprionus strains and sequence GenBank accession numbers.

GenBank accession numbers

Species Time (MYA) Geographic origin o~ micropia

Genus Zaprionus 13.81(10.87-14.90) - - -
Subgenus Anaprionus 10.59 (7.68-12.05) - - -
Z. multistriatus - Bangalore (India) - -
Subgenus Zaprionus 7.37 (6.71-9.01) - - -
Group inermis 6.98 - - -
tuberculatus complex 2.99 (2.93-18.00) - - -

Z. tuberculatus - Ithala (South Africa) FJ710406 10 408 FJ710423 t0 425
Group armatus - - - -
lachaisei complex 0.85 (0.39-1.13) - - -

Z. camerounensis - Amani (Tanzania) FJ710409 to 411 FJ710426 to 428
davidi complex 2.21 (1.39-2.44) - - -

Z. davidi - SaoTome  Ej710412t0414  FI710429 to 431

(S&o Tomé e Principe)

indianus complex 3.15 (2.61-4.14) - - -

Z. gabonicus - Makokou (Gabon) FJ710415to 417 FJ710432to 434

Z. africanus - Kibale (Uganda) FJ710418 to 420 FJ710435 to 437

Z. indianus - Brasilia (Brasil) FJ710421to 422  FJ710438 to 440
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Table 2. Genetic divergence (maximum composite likelihood distance) between the gypsy and
micropia transposable elements for the sequences used in the phylogenetic analysis. n: number of
pairwise comparisons.

Retrotransposon n Mean Minimum Maximum
gypsy

Subfamily 1 (S1) 28 0.0628 0.0213 0.1112
Zaprionus x melanogaster S1 7 0.0742 0.0529 0.1006
Subfamily 2 - V1 300 0.0704 0.0021 0.1687
Zaprionus x melanogaster V1 96 0.0641 0.0211 0.1122
Subfamily 2 - V2 741 0.0422 0.0042 0.0888
Zaprionus x melanogaster V2 308 0.0506 0.0086 0.0888
S1xV1 200 0.2388 0.2080 0.2910
S1xV2 312 0.2406 0.2055 0.286
V1xV2 975 0.1189 0.0771 0.1814
micropia

Zaprionus genus X melanogaster group 468 0.0727 0.0188 0.1341
Zaprionus genus 153 0.0328 0 0.0850

melanogaster group 325 0.0466 0 0.1473
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Table 3. Comparative analyses of synonymous substitutions per synonymous site (dS), non-
synonymous substitutions per nonsynonymous site (dN), dN/dS ratios and codon bias index of
the gypsy and micropia sequences and Gpdh gene. (See details of the pairwise dS and dN
distances in Supplementary Tables 3 and 6).

Sequences E:rr?iln-mme;)?) dN mean (SE) dS mean (SE) dN/dS mean (SE)
gypsy

Subfamily 1

Zaprionus X melanogaster spp. 0.045 (9.70x10®)  0.128 (5.95x10™)  0.374 (0.004)
melanogaster spp. 0.035 (3.88x10°)  0.057 (6.49x10™)  1.002 (0.465)
Subfamily 2 - V1

Zaprionus x melanogaster spp. 0.414 0.028 (3.55x10®°)  0.176 (0.002) 0.189 (0.005)
Zaprionus spp. (0.344-0.523)  0.032 (4.42x10®°)  0.177 (0.004) 0.310 (0.019)
melanogaster spp. 0.019 (4.85x10®)  0.119 (0.002) 0.153 (0.002)
Subfamily 2 - V2

Zaprionus x melanogaster spp. 0.028 (2.65x10®°)  0.106 (2.62x10™)  0.291 (0.004)
Zaprionus spp. 0.027 (2.50x10®°)  0.088 (2.55x10™)  0.365 (0.011)
melanogaster spp. 0.018 (1.10x10°)  0.070 (1.90x10)  0.477 (0.013)
micropia

Zaprionus x melanogaster spp. 0.045 (1.44x10°)  0.124 (1.94x10™)  0.524 (0.015)
Zaprionus spp. (()6?170-0.527) 0.026 (3.80x10%) 0.040 (2.45x10%) 0579 (0.019)
melanogaster spp. 0.028 (6.45x10°)  0.068 (4.87x10™)  0.388 (0.005)
Gpdh

Zaprionus x melanogaster spp 0.009 (3.07x10°)  1.012 (0.004) 0.009 (4.90x10°)

Zaprionus spp. ((36‘_5252_0_700) 0.005 (2.16x10)  0.150 (0.002) 0.041 (5.43x10™%)

melanogaster spp. 0 0.193 (0.003) 0
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Table 4. Time of divergence and horizontal transfer events identified for the gypsy and
micropia retrotransposons between Zaprionus and melanogaster species.

Species 1 Species 2 MYA Inference
gypsy

Subfamily 1

D. melanogaster/D. simulans* Z. tuberculatusl 2.594 AB,C
D. melanogaster D. erectaAl 0.406-2.125 AB,C,D
Subfamily 2 - V1

D. erecta Z. tuberculatus 3.593-7.688 AB,C
D. erecta Z. davidi/Z. camerounensis*  0.843-2.424 AB,C
D. erecta D. yakuba 2.156-2.625 B,C,D
D. erecta D. melanogaster 1.718-2.656 AB,C,D
Subfamily 2 - V2

D. melanogaster/D. simulans/D. sechellia* indianus complex* 0.437-3.219 AB.C
D. melanogaster/D. simulans/D. sechellia* Z. davidi 0.437-1.343 AB,C
Z. davidi Z. africanus 1.343 AB,C
micropia

? D. melanogaster 0 C

? D. yakuba 1.156-1.781 C

? indianus complex 0-1.181 C

? Z. davidi 0 C

? Z. camerounensis 0 C

D. melanogaster D. simulans/D. sechellia 0-0.500 AB,C
D. melanogaster or D. simulans/D. sechellia Z. tuberculatus 0.500-1.000 A,B,C
indianus or davidi complexes* D. sechellia* 1.781-2.406 AB,C

Symbols - A: phylogenetic tree, B: dS comparison of retrotransposon vs. host gene, C: network, D: Ludwig

et al. 2008,*: Species ancestor.
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Z. multistriatus Z. tuberculatus  Z. camerounensis Z. davidi

JH T 9H o JH T 9H 0 dH T 9H o dH T 9H 0

gypsy

__0 micropia

Gpdh
Z. gabonicus Z. afticanus Z. indianus D. melanogaster
JH T YH O JH T $H © JH T YH 0 JdH T QH o -+
LIy FIET CECTY W] o

Figure 1. RT-PCR fragments obtained from ovaries (O), testes (T) and heads (H) for gypsy and
micropia retrotransposons. -: negative control with ultrapure water; + positive control with D.
melanogaster genomic DNA. Gpgh gene amplification was used as total RNA quality control.
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Figure 2. Phylogenetic relationships between gypsy sequences of genus Zaprionus, the
melanogaster group, D. willistoni and S. latisfasciaeformis. The tree was constructed using
the maximum-likelihood method (HKY85 distance) as implemented in the PhyML program.
Numbers on the branches indicate bootstrap values based on 1000 replications. Numbers next
to species names indicate the clone or genomic sequences identification.
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Figure 3. Comparative analyses of the dS values between gypsy and Gpdh sequences of
Zaprionus and melanogaster species within the Subfamily 1, Subfamily 2 - V1 and V2. tub:
Z. tuberculatus, cam: Z. camerounensis, dav: Z. davidi, gab: Z. gabonicus, afr: Z. africanus,
ind: Z. indianus, mel: D. melanogaster, sim: D. simulans, sec: D. sechellia, yak: D. yakuba,
ere: D. erecta.
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Figure 4. Maximum-likelihood (HKY85 distance) tree of micropia of genus Zaprionus and
the melanogaster and repleta groups. Numbers on the branches indicate bootstrap values
based on 1000 replications. Numbers next to species names identify the clone or genomic

sequences identification.
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Figure 5. Comparative analyses of the dS values between micropia and Gpdh of Zaprionus
and melanogaster species. Comparison with only black column indicates that the synonymous
sites of micropia are invariable. tub: Z. tuberculatus, cam: Z. camerounensis, dav: Z. davidi,
gab: Z. gabonicus, afr: Z. africanus, ind: Z. indianus, mel: D. melanogaster, sim: D. simulans,
sec: D. sechellia, yak: D. yakuba.
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Figure 6. Median-joining network analyses for the Zaprionus and the melanogaster species.
The size of circles denotes number of sequences grouped together. (A) Network for the gypsy
retrotransposon. Each group obtained in the phylogenetic tree is differently colored. (B)
Detail of the gypsy Subfamily 2. (C) Network for the micropia retrotransposon. The
sequences are colored according the clustering in the phylogenetic tree. The black arrows
show the HT events evidenced by network analysis.



144

Supplementary Table 1. Description of the genomic sequences from the 12 Drosophila
genome searches. * Sequences excluded from the phylogenetic analysis due to 100%
identity between D. sechelliaB15 / B16, D. erectaA6 / A7, D. erectaA3 / B3 for gypsy and
D. melanogasterAl / A2 /| A4, D. sechelliaA2 /| A3 / A4, D. sechelliaA5 / A6, D.
sechelliaA9 / A10 / A12 to A17 and D. sechellia B19 / B20 for micropia.

Retrotransposon  Species Symbol Region Position
gypsy D. melanogaster Al 3RHet 1969693 - 1970168
A2 2RHet 401863 - 402339
A3 3LHet 1599041 - 1599517
A4 U 4045342 - 4045802
A5 3L 24462706 - 24463191
A6 2R 937680 - 938165
A7 X 21541979 - 21542452
B5 Uextra 7342889 - 7343370
D. simulans Al chr3h_Mrandom_053 512 - 983
A2 chrX_Mrandom_1054 1181 - 1662
A3 chr2h_Mrandom_019 37683 - 38164
A4 chrX_Mrandom_1056 464 - 945
B2 chrzh_Mrandom_019 3424 - 3905
B3 chrX_Mrandom_012 2361 - 2840
B4 chrX_Mrandom_1055 4088 - 4569
B6 X 16613272 - 16613752
B7 chrX_Mrandom_1057 1701 - 2174
D. sechellia Al scaffold 6727 553 - 1034
A2 scaffold_217 38501 - 38982
A3 scaffold_2010 2401 - 2882
A4 scaffold_157 60762 - 61242
A5 scaffold_2705 2505 - 2985
A6 scaffold_5941 390 - 835
A7 scaffold_3971 1615 - 2096
A8 scaffold_1311 3875 - 4356
A9 scaffold 2671 2966 - 3447
A10 scaffold_7315 931 -1411
All scaffold_753 1956 - 2436
B11 scaffold_267 15475 - 15952
B12 scaffold_1749 1881 - 2361
B14 scaffold_865 5141 - 5579
B15 scaffold_205 11155 - 11595
B16* scaffold_5708 673 -1113
B17 scaffold_1410 563 - 1043
B18 scaffold_3135 436 - 917
B19 scaffold 905 4346 - 4826
D. yakuba Al v2_chrUn_1037 262 - 747
A2 v2_chrUn_120 95206 - 95691
A3 v2_chrUn_002 145016 - 145501
A4 v2_chrUn_838 395 - 880
A5 v2_chrX_random_058 72970 - 73455
A6 v2_chrUn_884 11187 - 11668
D. erecta Al scaffold_4929 24204122 - 24204592
A2 scaffold_4845 1721676 - 1722133
A3 scaffold_1379 4655 - 5140
A4 scaffold_1371 5196 - 5681
A5 scaffold_4690 18093512 - 18093997
A6 scaffold_3351 14812 - 15287
AT* scaffold_4895 315532 - 316007
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Retrotransposon Species Symbol Region Position
aypsy D. erecta A8 scaffold_603 1478 - 1954
B1 scaffold_4784 24499320 - 24499797
B3* scaffold_4929 21034502 - 21034987
B8 scaffold_3414 11250 - 11731
B9 scaffold_1907 20931 - 21360
B10 scaffold_3160 6841 - 7304
micropia D. melanogaster Al Uextra 9860338 - 9860709
A2* 3RHet 1083774 - 1084145
A3 3R 3177510 - 3177881
Ad* U 9310244 - 9310616
D. simulans Al chr2zh_Mrandom_027 6515 - 6886
A2 chrU_M_786 2638 - 3009
A3 chrU_M_6079 7173 - 7536
A4 2R 396614 - 396982
A5 chr2h_Mrandom_009 176810 - 177181
A6 chrU_M_2288 3144 - 3507
D. sechellia Al scaffold_540 515 - 886
A2 scaffold_89 156 - 527
A3* scaffold_7 2883385 - 2883756
Ad* scaffold_443 40281 - 40652
A5 scaffold_1378 3013 - 3384
A6* scaffold_2487 559 - 930
A7 scaffold_935 1478 - 1849
A8 scaffold_72 69278 - 69650
A9 scaffold_28 679168 - 679531
A10* scaffold_15 715855 - 716218
All scaffold_13 1014547 - 1014918
Al12* scaffold_6 3409039 - 3409402
A13* scaffold_0 6055065 - 6055428
Al4* scaffold_1 3884992 - 3885355
Al5* scaffold_2 3656728 - 3657091
Al6* scaffold_2597 4417 - 4780
Al7* scaffold_1972 2457 - 2820
Al8 scaffold_2140 50 - 417
Al9 scaffold_5109 119 - 456
A20 scaffold_57 128729 - 129077
B8 scaffold_218 12547 - 12926
B19 scaffold_62 141878 - 142228
B20* scaffold_1078 4531 - 4874
D. yakuba Al v2_chr2h_random_005 701807 - 702178
A2 v2_chrX_random_046 267419 - 267790
A3 v2_chrUn_975 14667 - 15015

B3

v2_chrUn_1883

5436 - 5787




90T" €IT° €0T° 90T" GOT" SOT" LOT° 90T° OTT" SGIT OTT 00T <ZIT <ZIT 80T OIT 02" GOT° €117 GTIT €0T° <0T° 60T 660" ¥IT° #O0T° TIT +veT” <E€T° 62T /L2T° OCT° 90T° TOT" 060T 660T CITT SvIdwa '8s

¥0T" TIT" 860" €0T° €0T° €0T° #¥OT" €01 80T 80T 80T 860" OTT" OTT 90T 80T 8IT €0T° TIT° €IT° 00T 00T <¢O0T° €60 ¢IT° ¢0T ¥0T° /LIT° GET" /[¢T° OET” 8IT° 660° 860" 690T €90T 060T TABPZ LG
€T 6ET° 9¢T° TET TET TET TET 62T 9ET 9€T Q€T S¢T° Tyl 8ET €ET° €ET" 9vT" 8¢T° 6ET” €EFT° G2T° €2T° 617 61T GET° #eT° <C€T° LET 09T ¢<ST° 09T 6ET° 61T 9¢T° TvT'T TSTT €9T'T LWedZ "9
81T G¢T' GIT° 0¢T° 61T 61T 61T /LIT <2l vel” vel” vIT 92T ¥¢T° ¢¢l’ Gel' veET 61T /[eT' 6¢T° vIT ¥IT° 81T 60T €' €T Tel 8¢T° 8yl 6ET° /Lyl O0€T TIT GIT° 160T 660T O00T'T Guiedz 'sq
TIT° 8IT° 80T° OTT" OIT° OIT <ZIT TIT SIT 02T SIT SOT 1T LTT €TT GIT G¢T° OTT° 8IT° 0¢T° 80T LOT" vIT° 00T° 61T 60T TIT 6¢T° €T Ol LET° ST° TIT 90T ¢60T TOTT ¥ITT EWRIZ ¥
62T Tyl 9¢T° 9¢T° €ET° 821" 8IT 9¢T° 821" OET" 8¢T° 81T GET° Ovl 9€T" TET €E€T° O0€T 9€T 8ET GeT' €¢T° 6¢T° ¢IT ¢eT' ¢IT 61T GET 09T /GT° 091" 9€T" Tel™ 8¢T° ¢vT'T <¢STT #9T'T 9qMmZ 'eg
2T 8ET" €17 €T° O0eT” Gel” 8IT €T 92T 82T° S¢T° SIT <Z€T 8ET €ET° 8¢T° OET" 8¢T° €ET° GET €T €2l ¢c¢U° OIT ¥eT #IT° ZIT <C€T €91 +vST° LST° 8ET° 61T 9" 8vT'T OETT OLTT Samz ‘s
6€C’ ¢G¢ Sve Sve 8€C vve G€C c¢ve <cve Tve Tvd S€C 6ve ¢9¢ LS¢ 8G¢ 8¥¢ 0S¢ 1S¢° vye Tye 8€C €G¢° ¢€C §S¢ Tye 0S¢ 8¥¢ 89¢” [9¢° €9¢° ¢G¢ 8€¢ TG¢° TSE'T 09€'T 0LET ¢vaIRd ‘19

8¢C° ¢€C 9¢Z SeC 81 ved 9T¢ €2¢ <¢T el el 91 veT Tve 9€¢ L€T 8eC 0€CT 0€C vee T¢e LT¢ €€C €1¢ 8¢ 8IC Lled 8¢l 9S¢ 8¢ vve 1€C SIS €9CT 02T 88T Tvalad 05
€0 ¢ve SET GET T€C’ €ET <¢¢¢ ¢ed 6¢¢ 1€ 1€ S¢¢ vve 6ve Ove 0S¢ Ge¢ 6€CT Ove vee 1€ Led Sve Ged Twe ¥EC cevd Tve ¢9¢ 8GC GSCT 8€C 8¢¢ L€C 1SC'T 8SCT SLCT Tvuwisa ‘6v
6S¢° 6G¢° 9G¢° 9S¢° 6¥¢ GS¢° 6ve €9¢° €9¢° ¢SZ ¢S 9ve €9¢° 0L 89¢° 99¢° 6SC° 19¢° SS¢° GS¢T <S¢ 8¢ 8S¢ €vet ¥SZ 6ve 8GC 9S§¢° 16¢° 6L¢° <¢Le LST 9ve 9SCT S6ET  L6ET 90V'T yviswa sy
6ve €S¢ Lve lve 6€C Sve 8€C vve vve €ve €ve L€C 9GC €9¢° 8G¢ 8G¢ 6¥¢ 1G¢° <¢S¢ 8¥¢ cve 8€C ¥S¢ ¥EC 0S¢ c¢ve TG 6ve 8L¢ TLZ 19C Lve 9€C 9ve GCC'T 1€CT 6¥CT evipwa 'Ly
ove vve 8€Z LET 0€C 9€C T€C GEC 6¢C €EC €EC 8¢C vve €S¢ 8¥C 6¥¢ L€¢ ¢yl cve 9€¢ €€¢ 6¢¢ Vvve Ged Ove €e¢ 8€¢ Ove 89¢ 09¢° 09¢° L€¢ Llel 9€T VYSCT 9vZT 6.1 cviwQa "9y
ove eve L€T LET 0€C 9€C 8¢C V¥EC 8¢C €EC €EC lZT 9ve €SC 8¥C cve L€ Tyl cve 9€¢ €€¢ 6¢C vve ved Ove €€¢ Ty Ove 89¢ 09¢° 9S¢° L€C Lel 9€T LVZT 6ETT TLCT viswQ sy
¢eC 0€C leT leT Se SeT 0ce ved ved €2 € L1 8€T Cve 8EC 8EC S€¢ TEC ¢EC Ge¢ €¢¢ Ted 6¢¢ ¢l Sed 81 9¢¢ <¢ed 0S¢ Ove eve Ged T¢ 1€ SITT 6ITT  9ET'T amz vy
050" /10" 8¥0" 0S0° 6E0° 6E€0° ¢90° 8v0" 0SO° 8v0" 6S0° ¢SO° TL0°T CEO° O0EO° EYOT ¥90° 6E0° EVOT €90° 6E0° T¥OT 9S0° 9€0° 2SO° 0SO° 9S0° €90° <20 00" /90" €90° /¥O" 190" <OT'T VOT'T 6ITT 61999sQ '€y
w0 €10 €v0" €v0" ¥EO" ¥EO" T1SO° EVO" 8¥0" LvO" <¢SO° S¥OT /90" /[20° G20 6E0° 6S0° YEOT 6E0° 6S0° VEOT LEOT ¢SO° ¢CEO" ¢SO° S¥OT TSOT 190" <200 690" /90" T90° €¥OT 950" 80T'T OITT #eTT 819%9sQ ¢y
8v0" GT0° 9v0" 8v0" LEO" LEO° 6S0° 9¥0" 8¥O" 0SO° /SO° 0SO° <0 O0€O° 820" 6E0° T90° LEOT T¥OT ¥90° 9€0° 6E0° ¥SOT ¥EOT VSO Z¥OT ¥SOT €90° GL0° ¢L0° 0L0° €90° S¥O° 650" <¢OT'T YOT'T 6ITT 119%8sQ Ty
o0 TI0O° Ov0" Ov0" 0€0° 00" T1S0° Ov0" S¥O° G¥O" 0SO° ¢v0° €90° €20° T¢0° GEO /SO O0E€0° 8E0" /LSO OE0” €E0° OvO" 820" OVO" OvO" ¥¥0" ¥SO° <20 €90° 190" 6S0° LEO™ 6V0° 68T'T OLTT L6T'T §19%8sQ "oy
S0 0.0 S¥0° GEO" 0S0° S¥O° 0EO" €EVO"T 8EO" 8EO" €20° 920" 9¥0" ¢90° S90° 090" O¥O" SSO° €S0° 8€0° ¢90° 090" /90" ¢SO° 8.0 090" 0L0° €80 680" 880" 880" G8O" G90° G90° 9¢CT OWCT €SC'T 199980 '6€
w0 G100 TP0° €¥0° <2e0° <¢e0” ¥s0° Tv0T €v0° S¥0° 2S00 S¥0° 900 G¢0° €200 €00 6S0° <CE0° LE0T 6S0° CE€0° SGE€0° 0S0° 0€0° 0S0° €¥0° 0500 6S0° 0L0° 90" S90° 6S0° TVOT ¥SO0° 660°T <COTT 9ITT 219%%sQ '8¢

0 TI0° ¢€0° 8¢0° 610" €20° TIO° 0€0° 20" O0E0” 610" 9v0" LEO LEO <¢E0° LE0° 820" SEO° T¥O° ¢e0° O0E0” TvO" 920" 8Y0" ¥EO" TPO™ 2SO €90° T90° 850" GSO° LEO° 9v0" €ETTT O9ITT OETT 119%sQ L€
6€0° TYO" 0€0° O0E0" ¢S0° 6E0° SYO° €¥0° 0S0° €v0T ¥90° €200 Teow veor LS00 0€0” veor LS00 0€0° ¢e0t 0T 8200 L¥OT TPOT LPOT 9SO /900 S90° <290 9S00 8€0” L¥0© 90T'T 60TT €CTT TTvo8sd '9¢
0€0° 920" LT0° €¢0° ¥00° 820" Teo 8200 LT0° 9¥0° ¥EOT ¥EOT 0E0° ¥EOT 9200 <2E0° 6E0° 00T 8200 6E0° €200 S¥OT Ce0° 6E0° ¥SOT 0900 850" GS0° <¢SO° vE€0T €¥0° <COTT YOT'T 6ITT 0TVv98sd 'GE
€¢0° €20 9T0° 9¢0° 610 €20° 6100 €TI0 SEO° ¥EO" LEO™ <¢CEO° 820" 820" 9¢0° 820" <¢€0° 0E0" TY0T 920" 8¥0" 6€0° SYOT 2SO €90° 090" 850" /SO 9€0° S¥O°T ¥60°T 960°T O9IT'T 6v29sQ V€

LT0° CE0° 920" <¢E0" S¢0 <Ce0” S¢0T w0 820" S¢0° Teot 6€0° LT0° 6100 6€0° G200 ¥e0° ¥EOT 6100 TPOT <C€0° 80T 0S0° 9S00 €50 0S0° 0S0° 0€0° 8€0” 80T 080T 00T'T 8v29sQ ‘€e

820" /10" 820" T¢0° 820" 120" TvOT SCO° S¢0° Te0T ¥EOT LT0° €20° ¥EOT SC0° ¥¢0° ¥EOT 610" T¥OT 820" ¥EOT 0S0° GSO° €S0° 0S0° 0SO° OE0° 8€0° I60T €60T EITT 1v99sQ "€

T¢or 9100 910" TIO° ¥0O° €EO° ¥YO© L¥O" ¢¥O° €20 LEOT GEO' GCO° 6E0° LEOT 9¥0° O0E0" VSO LEOT 9¥0° 6S0° €90° €90° €90° T90° <Z¥0° 6V0° O06TT €0CT SICT 9v99sQ ‘1€

80" L10° 820" L1007 9v0° ¥EO" ¥EOT 0E0° ¥EOD™ 9¢0° ¢€0° 6E0° 8¢0° 9¢0° 9e0° TeO” €¥0° 0E0° 9e0° ¢SO0 850 SS0° €50° ¢SO0 ¢e00 IO YITT LITT  TETT Sv93sQ "0€

820" L10° O0TO° G€O° 6E0° T¥O" T¥O" G20 9€0° ¥EO™ 820" 6E0° 6E0° 0SO° ¥EO" 2SO° €¥O° 0SO° 990" 0L0° /90" G90° €90° S¥O° ¥SO° /80T 680°T VOT'T ¥v99sQ "6¢

€0 L10° 680" 6E0" 6E0° PEOD" 0E0" 0E0" 8¢O' ¢e0” 9e0° GEOT G¥OT OE0" ¢SO0 8€0" S¥OT 6S0° G90° ¢90° 090" 6S0° TvOT 0S0° 80T 080T OO0T'T €v93sQ '8¢

010" 0€0° €v0° S¥0° TPO" 8200 9€0° P¥EO™ €200 T¥O° 6€0° 60" ¥EOT 9S00 €¥0° 60" 9900 <00 0L0° 2900 S90° S¥O° 2S00 ¢90°'T €90'T €80T ovesa e

8¢0° 9¢0° 6€0° ¥EO" LTO® 0€0° 8¢O0° Teow ¥EOT ¢E0° €¥O0° 8O0 0S0° 9€0° €VOT 6S0° G900 ¢90° 090" 6S0° 8E0” L¥O© ¥SO'T GSO'T SL0T Tv93sd '9¢

/S0 /S0 €S0° 6€0° 0SO° 8¥0° LT0° /SO 9S0° 690" €S0° 9.0 290" ¥90° €80° 18O 8.0 9.0 €80 ¥90° ¥90° 990°T /90T /80T Lguisg "se
€¢0° ¢e0° 0S0° 8¢O° veOT SPOT ¢E0° SE0° S¥O0T 0e0 6¥0° €¥0T 600 8S0° 90 ¥90° <290 850" O¥0° 6¥0° 060'T ¢60'T 90T'T 9guiisa ‘ve
0€0° ¢S0° G¢0° ¢e0’ 2S00 G200 9¢0° €v0T €0 ev0T 9e0 €¥0T 2S00 S90° 290" 090" ¢SO0 vE0T L¥0T S60°'T L60'T OIT'T yauwisg ‘ee

80" 610" 8¢0° 8¥0" 0€0° 8¢0° 8E0" €¢0° S¥0" 9€0" €Ev0" ¢S0° 8S0° GS0° €G0° ¢G0T ¢E0" €v0" 6E0T OVO'T 090°T e€guisa ‘ge

w0 Tv0° ¥€0° 2S00 8¥0° T90" S¥O° 990° ¥SO° 1900 L0 ¢80° 6L0° L0 .00 9S00 S90° SCOT 920T 9¥0'T cguiisa ‘1e

€0 €v0" Ge0' TeOT vEOD™ 610" Tv0T ¢E0 8e0" S¥O" GSO° €S0° 0S0° S¥0"  GCO° 8E0" 6S0°T 090°T 080T yvwisg ‘0

70" ¢€0° 0€0° 1Tv0" G20° /[v0" 6E0° SG¥O" 950" 090" /[SO° GSO° 990" 9€0° G¥O° 90T'T 60T'T 82T'T gvwisg ‘6T

¢S50 0S0° T90" SG¥O° 890" ¥SO° T90° GL0° ¢L0° 690" /90" GLO° 950" 190" 060T <60T <CITT cvuwisg 8T

T10° 0€0° 010" <¢€0" €¢0° 0e0” Tv0™ 8¥0" 9v0" E€vO" Tv0" Te0™ ¥EO™ 6VOT 0SO'T 0L0°T sgpwad Lt

8¢0° 800" 8¢0° 610" 8¢0° LEO™ L¥O" ¥YO" PPO" SGEO LTO° <¢EO" 860°T LOT'T OCT'T V3w 91

Teo" 9¢0° 6¢0° ¢e0° €0 650 LvOT S¥OT €50 6¢0° €v0T SvO'T OvO'T 8L0'T ypulZ 'St
G20 ¢I0° 610" 6¢0° €v0" Ov0" 8E0" ¥EO" GIO° 820" 0SOT 1S0T TLOT EpuIZ 'v1
6¢0° Orv0" 8€0" 090" ¢S0° 0S0° /LvO" [¢0" LvO" GSO'T €L0T 680°T cpuIz "et1

GT0" 80" 0G0° 0SO° 8v0" <¢v0" €20° Tv0" €S0T 890T /80T Siyez ¢l

S0 ¥90° /1S0° ¥SO° €S0° 620" LvO" <¢SOT OvO'T S8O'T ez 11

¥90" ¢S0° 650" 9€0" 610" 650" 9¢T'T 8¢T'T LvT'T ciyeZ 01

S10° 8100 ¥90° 80" 90" 99T'T G8T'T O06T'T 6

TI0° ¢90° Ov0" 2S0° TIST'T VST'T ¥wITT 8

¥90" L¥0" SSO° TET'T VET'T 89T'T L

€¢0" 650" €60T 80T'T VITT 9

8€0" 0v0'T TvO'T 090°T ‘S

680'T T60T TITT v

800" 900 €

10’ C

T

A3 9€ S€ 143 123 [43 1€ 144 £€¢ [44 14 14 61 8T LT 9T €T [4) 1T ot 6 8 L 9 S 14 € 4 T

0€ 6C 8¢ yx4 92 S¢ ST T
*Sope|d 2nausbojAyd ay) Buipiodoe patsIsn|d alam saduanbas ay | “saouanbas siwiojerIose)sile| 'S pue 1uolsH||IM "q ‘1a1seboue|aw
‘snuolidez Jo saousnbas AsdAB Buowe (soueisip pooylexl] ausodwod wnwixew) adueisip onsuab asimiled ‘g 9jqel Aseiuswasjddns

ov1



19348 ' :ala@ ‘eqnyeA ' MeAQ ‘eljjaydss ' :99s@ ‘suejnwis ' :wisq ‘4a1sebouejaw 'q jpwg
‘snuelpul "7 :pulz ‘snuedlije ‘7 ez ‘snaluogeh ‘7 :qebz {pIaep ‘7 :AePZ ‘SISUBUNOJAWR) "7 :WedZ :Sn1enaiagn ‘Z :Tgniz (UolsijIm "q :[IMmQ :Ssweu sa19ads 10} S|OqWAS

820" TL0° 9YT" 060" 62T LU vyl 9607 <27 6TT LTT° 22U 6TT LT 61T vIT 6TIT 61T €¢T° 9€T° €E€T O0€T ¢¢U° 0¢T° 88C /92" LLZ SL¢ T6¢ L9C vig 19 6vT OvDT bl LET 62T 9ET €8IS '9L
60" 99T° 90T ¢vT° vvT° GST TIT TPT 8ET 9T 8ET" GET' €ET° 8ET" O0€T Tyl 8ET 6ET GST° 6V1T vl 6VT° 9vl" €L¢° 8G¢" v9¢ €9¢ ¢l¢ GS¢° ¢9¢ 9G9¢° 89T 19T° 89T 19T° 69T 65T CIeIS 'S
¢t T.00 80T TOT™ 9TT° 8L0° 20T 660" L60° 660" L60° G60° 660° <60 660" L60° 00T LTT" €IT° 60T TTT" ¥OT° /LSZ° V€ <S¢ [LSC SGC° Ove vve 9€C° 8ET" 0T GET ¥¢T° 61T 8¢l TeIS 'L

060" 680" 890" [OT° 880" /80" ¥80" ¢80 6.0° 600 [/0° L/0° GLO° 680" /80" /80" LOT" 10T ¢60° 890" 0L0° <¢l¢° GS¢° ¢9¢ 9l¢ GLZ 6S¢ ¢9¢ [9¢ O0ST° GpT° TST TIE€T° 6¥T 1IST otgaseq el
¥80° T1S0° 90" LT0° 8L0° €L0° €L0° €L0° 0L0° 890" €L0° G90° 90" 9.0° 8.0 00T ¥60° 980" 6.0° 6.0° 1TIve ¥EC 8EZ 99¢° 19¢ 1Tve 8ve <ve v0T° S60° 10T +60° €0T° 860 6g218a ‘¢L

980" [E€0" 080" <¢E€O° 0€0° 8¢0° <¢E0° ¢e0 00’ ¥EOT O0E0 90" ¥EOT T¢O° G¥OT ¥EOT O0E0° G60° €60° 9G¢ Ive 8¢ 19¢° [S¢ Ty Sve cve TeT ETT Tel €I ST 81T 899130 'TL
1.0 v¥0° 280" 6.0 LL0° 6.0 6.0 L.L0° LL0° <¢LO° ¥80" TBO" ¢B80" 860" €60° 980" 890" 0.L0° SvZ 6€C 9v¢ 8GC 8GC Ove €ve 6€C LETT CETT GETT OCTT CET CET Tg818a oL
990" 8¥0° 9¥0" €¥O" 8¥0" 8v0" 90" 0S0° T¥O" 2S00 0S0° LE€OT 6S0° 8v0° 90" TIT TIT [GC° 9€¢ Ove 6ve <S¢ 9€¢’ €E€C L€¢ ¢ETT ¢l O0ET 0¢T €ET L2T 8valad ‘69

GL0° €L0° 0L0° ¢L0° 0L0° 890" €L0° 990° GLO0° €L0° SL0° ¥60° 680" 80" L8O" /80" 9€¢ 6¢C <¢€C 8¢ Lye Vved L¢Z Lce 80T LOTT SOTT SOTT CTT 80T 9vaiaa 89
900" v¥00° €¢0° €20° T20° G20 Te0 610" LTO° <E€O0° ¢SO S¥OT 9€0° 060" LBOT 9vZ' 6¢¢ €€¢ 6vC Sve 0€C 0€¢ G¢d TeT IIT 6IT 80T €T 91T Svaiea L9
¢00" 120" Te0' 6T0° €200 6T0° LTO° STO° O0€0° 6v0° 2O ¥EO" /80" G80° O¥C 92¢° 922 9ve 2ve LeZ L2g e 61T 80T 9TT GOT° 1T #IT yva18a 99
610" 6T0° LT0° TeO" LT0° STO° ¢TI0 LeO LwO" OVO® <¢€0° S80° ¢80 Ove €¢e Led c¢ve 8EC ved € 6T¢ 9TT 90T ¥IT° €01 LTIT TIT €vaieq 59

800" 900" 010" 900" G20° €¢0° LcO© ¥SO° vvO™ 9€0° <¢80° 080" €€¢ vI¢ €¢¢ S€T <¢€¢ LT Te 9T¢ 12T OTT° 8IT° 80T 6IT OIT SvoeAd v9

200" 900" 900" TeO" 6T0° <€0° ¥SO° ¥vO'T 9€0° ¢80 080" O0€Z LTZ vee 9€C €€¢ 8T¢° T 91¢ 91T 90T vIT° €0T° vIT TIT yvoeAd €9

00" ¥00° 6T0° LTI0° O€0" 71S0° ¢¥0° ¥€EO" 080" 8L0° 0€¢” ¥IC 1¢Z €€¢ 0€e ST¢ 8T¢ vIe 9IT 90T vIT° €0T ¥IT TIT evoeAd 29

800" €20° TeO" P¥EO" 950" L¥O" 8E0" 080" 8L0° T€C SIC 1¢T vEC 0€e ST 61¢ v Tl TIT 6TT° 80T 02T 9TT ovoeAd 19

€20° T¢0° 6¢0° TS0 <¢v0° vEOD™ 080" 8L0° LZ¢ 80¢ ST¢ [2Z ve¢Z 60C ¢I¢ 80C vIT' €0T° TIT 00T TIT 80T TvoeAd 09

0T0O" 9€0° 850" 6¥0° Ov0" /80" S80° €vZ 82C <€¢ 8¥C Vvve 6¢C 6¢¢ S¢Z 8IT 80T 9IT° SOT° ¢<IT EIT 9vIswa 65

€0 9S0° L¥0" 8E0" 680" /80" 6€C’ 8¢C <¢€T 8¢ vy 6¢C 6¢C G Tl OIT 8TTT SO0T 2T 9TIT SvIswa '8s

<

0" 6200 0€0" 060" €80 6VC <¢€C ¢vd GS¢ TS¢ 9€C” 6€C° T1E€C BIT 80T° 9TT° 90T LIT E€IT TAepZ LS
0v0" 6v0° 20T 660" €82 vS¢ 89¢ ¥.Z 0.2 vS¢ 8GC €S¢° LvTT 9€T wyTT OE€T 8FT° vl LWesz '9g
860" 660" 960" L9¢° €vZ 0SC 09¢ 6S¢ vve Lve 9€¢ €ET ¢l O0E€T Tel SET 2T Gwesz '§

¥60° <¢60° 9S¢° <¢E€C ¢vZ <S¢ 8¥¢ €€C L€T vEL 9T SIT €T 9T 8T 12T EWedZ 'v§

900" 6 vEC LvZ 99T 6S¢ vy 0S¢ €€C 6V EYT LvTT E€ET VET BET 9qMmzZ 'eg

¢S CeC vve €9 9S¢ Tve Lve T€T LyTT TYTT wWTT 0ETT VET 9ET Samz ‘zs

¢60° 880" TIT ¢IT vOT° 660" ¢OT° ¢9¢° <be G9¢° LEZ' 09 ST cvaiea 1S

950" vEO" €€0" GE0" 920" S90° vve TEC wve 9¢C L€T  CET Tvalaa 0§

190" /90" S90° 950" €S0° IS¢ Tve 1SC L€C vve vl Tvuwisa ‘6%
0 9€0° Lc0' 9.0° <¢lg° ¢9¢ <¢le 6¥C §9C €9C yviswag
¥r0" GEO" T80 99¢° €S¢° 99¢° 9ve LSC  €ST gvipwa Ly
Te0” 8L0° 0S¢ €ve” 0S¢ 9€¢” 0S¢ 9V cvidwa 9y

690" 0S¢° €v¢ 0S¢ S€T° 9ve Eve viswa ‘sv

(472NN A TARNNA (AN TAANNA CANNE > A amz vy

G20 TT0° 9¢0° 180" 610 619990 ‘e

€¢0° vI0° 0.0 610 818993sd "¢

€20 8L0° LTO° 1189%93sQ Ty

690" 810 §1999sQ "0F

€L0° 189950 '6€

SL VL €L cL 1L 0L 69 89 19 99 S9 9 €9 29 19 09 65 85 A} 9§ §S S €S [4°] 18 0§ 6V 14 yA4 9 14 144 514 f44 114 o 6€ 8¢

‘uonenunuod ‘gz a|qe Atejuawsa|ddng

e SET TeT 6¢TT PETT 92T OcT' 81T 6217 €2T° 9¢T° SIT Q€T SvT™ Evl™ vET Q€T PET" PET 6ET 6¢1T° 9¢T” O0€T 0¢T” TET" OCT° G¢T° 9€T" 8ST° 6vI° ¢ST° 8ET° LIT° 6217 vOT'T T.LTT #0CT €I.IS 9L
eyT 9ST" ¢vT° GST° GST° vT° LvT OvT GST° LvT° 0SGT° ¢vT° GST° 99T 91" €ST° 09T O0ST° 8ST° €9T° O0ST LvT" 1ST° Tyl ¢ST° Tyl €yl 6vT° 08T T.T° ¥#.T° ¢9T° €ET° 0ST° T16T'T €0CT O0ECT CIelS "SL
80T" /[¢T" LOT" /LTT° 0OCT” <IT 10T SOT° ZATT° LOT° OTT SOT° wel° 6¢T° L¢T' Gel' vel” 61T L¢T' 6¢T° SIT vIT° 9TT° 901" T¢T° TIT ¥IT° #¢T° OST 6ET° OvI® €ET° 90T LIT° vwT'T OVI'T O08T'T TIEIS 'L
ovT" cvT" Q€T LET" 6ET° 6ET LET' LET' <vT° LvT wvT EET vl wvT° 6ET vl LvT €ET° Ly vpT° TET GeT° Q€T 8IT wyl° 8T 9ET" /LvT" #9T° 091" /LST" €yl €ET° 6¢1° O0STT GSvT'T €LTT 0tgslad gL
¢80" G60° «¢B80° 060" /80" /80" 680" ¢80 <¢60° <¢60° <¢60° ¥BO" 660" G60° 060" 060" L60° 6.0 G60° OOT /L8O ¢8O <¢60° 9L0° G60° 680" 00T ¢60° €¢T° ¢¢l” ¢cl” 00T ¥80° ¥80" Ge€T VEET WSE'T 69318Q "¢L
607" GTT° GOT° 80T° 801" 80T° 60T 80T €IT ¢IT ¢IT €01 vIT GIT OTT €IT° ¢¢T” 80T GIT° LTT° GOT° GOT" <IT° 860" S8IT° 80T SIT° /L¢T° 9€T" €ET° TET" #¢1° OTT° €0T° 060T 660T ¢CITT 8g318Q 'L
0¢T" 6¢1° LIT° ¢¢T” ¢cl' 1eT° 81T 61T ¢¢l° 6217 ¢cl’ vIT 9¢T° 6¢T° v¢l° vel' PET 61T 6¢T° 9¢T' 61T 8IT° 9¢T° ¢IT° ¢€T° T¢T' 6¢T° LET" /ST ¥ST° ¢ST° 81" TeT° ¢IT° 9E€¢'T €ECT 6ECT 1d318@ 0L
61T ¥¢T° LIT° L1T° 91T 9IT /ZIT° 61T <¢2¢T° wvel” 1e1° vIT €T T1eT° 611 ¢cl’ PeET 9T wvel' 9¢T” ¥vIT ¢TI T¢T° 90T ¥el” PIT ¥CT° ¢€T° 6vT 9Ovl™ oyl €¢1° 9Tl ¢IT° 6VT'T vST'T €LTT 8vaI13d 69
860" GOT" G60° <¢OT° /60" /60" 660" 860" 860" LOT" <¢OT° /60" 90T ¥OT" 00T 00T ¥IT° ¢60° GOT" LOT° G60° €60° <¢OT° 880" GOT" 00T 60T LOT" 8¢T° G¢T° G¢T° 660" ¢60° €60° TVT'T vvI'T #9T'T 9valed 89
L0T° €11 €0T° 907" 90T" 90T" 0T 90T TIT" GIT" OTT 10T ¢IT €117 80T TIT° O¢T° SOT €IT° SIT €0T° ¢O0T° 60T G60° ¥IT° GOT ¢IT° ¥¢T° GET° ¢E€T° O0ET” T¢T° LOT° 10T° 860T LOT'T OCT'T Svaled ‘L9
voT TIT° T0T° €0T° €0T° €0T° TOT €0T° 80T €IT° 801" 860" OIT OTT 901" 80T LTT" €0T° TIT" €TT° 7T0T° 00T LOT" €60° <ZIT° 201" 601" <Zel' [LeT' 6¢T LeT' 8IT° vO0T° 860" ¢OT'T <CITT ¥el'l valad '99
¢0T" 801" 860" T10T" 710T" T0T" TOT" 71OT" 90T OTT" GOT" 960" LOT" 80T €O0T° 90T GIT° 00T 80T OTT° 860" L60° ¥OT° 060" 60T° 00T LOT" 61T O€T" /L¢T° ¥¢T° 9T ¢O0T° 960" 060T 660T ¢CITT €valeg 's9

90T" €IT° €0T° GO0T" GO0T" SOT° vOT° 90T OTIT GIT° OTT 00T ¥IT° <IT €0T° OTT° O0¢T SOT° €11 SIT° €0T° <¢O0T° 90T 060" ¥IT° 660° 90T 61T GET" <¢ET° 6¢1° 0¢T° 90T T1T0T° 690T LLOT 060°T SvoeAQ 1
¢0T" 801" 860" T1T0T" T10T" T0T" 660" TOT" 90T OTT" GOT" 960" <¢IT° 80T €O0T° 90T GIT° TO0T° 80T OTT° 860" L60° <¢OT° 980" 601" G60° ¢OT° ¥IT° OET" L¢T° #¢T° 9T ¢O0T° 960" 980T G60T 80T'T yV/eAQ €9
¢0T" 801" 860" T1T0T" 10T T0T" 660" TOT" 90T OTT" GOT" 960" <¢IT° 80T €O0T° 90T GIT° TO0T° 80T OTT° 860" L60° <¢OT° 980" 60T° G60° ¢OT° ¥IT° OET" L¢T° #¢T° 9T ¢O0T° 960" 980T G60T 80T'T evoeAQ ¢
L0T" €11 €0T° 901" 901" SOT" vOT° 90T TIT GIT" OTT 10T /LIT° €117 80T TIT° O¢T° SOT" €11 SGIT €0T° <¢O0T° LOT° 060" ¥IT° 00T LOT" 61T €€T° 621" L¢T° T¢l” LOT° 1T0T° 860T LOT'T OCT'T [A2 ]
660" 90T° 960" 860" 860" 860" 960" 860" €0T° 80T €0T° €60° OTT GOT" TOT" €0T° <IT° 860° 90T 80T 960° G60° 660° €80" /LOT° ¢60° 660 <IT° /L¢T° ¥¢T° ¢¢T” €117 6600 ¥60° GZOT €80T 960°T Tv>eAQ 09
60T" TTT° SOT" TOT" €0T° €0T° vOT" 80T 80T 80T 80T 860" GOT" OTT" 90T 80T €TT° €0T° 90T 80T SOT" ¥OT" TTT° /260" 91T /Z0T" ¥#IT° 9¢T° GET" ¢E€T° 6¢T° €¢1° 60T €0T° ¥80'T <¢60T GOT'T 9vIdwa '65

A3 9€ S€ 143 123 [43 1€ 0g 6¢ 8¢ x4 9 14 e £€¢ [44 14 0¢ 61 8T LT 9T ST 14 €1 [4) 1T ot 6 8 L 9 S 14 € 4

T
‘'uonenunuod ‘gz s|qel Atejuswsa|ddng
LT



l¢e0" 880" 8E0" ¢COT 9€0" ¢vO" 620" 0S0° S¥O°  ¥SOT  v¥SOT  T€OT  S¥O°  L¢O©  9€0° Te0” TEO" L¢o© TEOT  [¢0°  T€OT  [¢O°  T€OT  9€0° OWO°  OVO" TEQ" TE0T 8EO" L¢OT 20 ccO TAePZ 29

Sy0° 950" /S0° OvO" ¥SO° 190" [¥O" 890" ¥90° €00 €.0° 0S0° ¥90° S¥O° ¥S0° 6¥0° 6¥0° S¥O° 0S0° S¥O° 0S0° S¥O°  ¥SO°  ¥S0° 6900 650" 60" 0500 950" 6¥0° O¥0°  OvO Lwedz '19
120" 8€0° 8EO0° ¢20° 9€0° <¢¥O° 6200 0SO° S¥O°  v¥SO©  v¥SOT  TE0T  S¥O°  LeO©  9€0"  TEOT TEOD™ L20°  TEOT  L¢00  T€OT  L¢00  TEOC 9€0° OWO° OVOT TED" TE0" 8EODT LeOT 20T 220 SuedZ "09
leot v0° LvOT TEOT  S¥O° ¢S0°  8€0T  6S0°  vSOT  ¥90°  v¥90° OVOT  ¥SO°  9€0° S¥O° O¥O°  O¥O°  9€0" OvVO" S¥O° OVO" 9€0° OVO" G¥O° 0S0° 6¥0° OFO° OVO" LPOT 9E0° TE0" TEOD Ewed7 '69
9€0° vO" LvO" T€0° G¥O° 2S00 80" 6S0° v¥SO°  ¥90° €90 O¥O0T ¥SO0° 90" S¥O°  O¥O"  OvOT  9€0° OvO"T G¥O° OvO" 9€0° 6¥O° G¥O° 6Y0° OVO" OVO" OVO" LPO" S¥YOT TEODT  TED 9qmZ '8g
9¢0" /¥0" [vO" T€0° G¥O° ¢SO° 8€0° 650"  v¥SO"  ¥90° €90° OVO" ¥SO°  9€0° S¥O° O¥O° O¥O° 9€0° OvO" S¥O° OVO" 9€0° 6¥O° G¥O° 6¥0° OVO" OVO° OVO" V0" S¥O° TEDT TEOD Samz LS

050" 190" 290" G¥O° 650" 990" <¢SO° v.0° 690" 8.0° 8L0° SSO° 690" 0SO° 650" LS0° ¥SOT 0SO° S§SO°  6S0°  6S0°  0SO°  0S0° €SO0 ¥90° v¥90° GS0° 0SO° 190" 0SSO SO S¥O 01g313Q "9
9¢0" v0° /vO" T€0° G¥O" ¢SO° 8EO" 650" v¥SOC  v¥90° ¥90° OVO° ¥SO°  9€0° SG¥O0°  O¥O" OvYO" 9€0° Ov0" 9€0° OvO" 9€0° O¥O" G¥O° 0500 6¥0° OVO° OVO" LPOT 9E0° TED" TEOD 8g8313Q 'S5
v0" 650" 6S0° €v0° LS00 v¥SO° 6¥0°  TL00 990" 9.0° SL0° 2SO0 990" L¥O" 9S0° ¢S0° ¢SO°  Lv0" ¢SO0 850" ¢SO0 Lv0©  T90° 950" 190" 190" 2SO0 2SO0 6SO°  9SO°  E€¥OT  EVO 18213 '¥S
oy0" ¢S50 ¢S0° 9€0" 0S0° L¥O"  ¢¥O"  ¥90° 690" 890" 890" G¥O° 6500 OVO" 6V0° S¥O° S¥O° O¥O" S¥O° OVO" G¥O° OVO" G¥O° 6VO° ¥SO°  v¥SOT  G¥O°  S¥O° 2S00 O¥O° 90" 9E0 8val3d '€
€10 ¥¢0° 20" 6000 ¢¢0° 6200 GTOC 9e0° TE0° OYO° OVO" BTO° TEO" €T0° 2¢O 8I0° 8IO° €TI0 8I0° ¢¢O° 8I0° €I0° 8T0° ¢¢0° [¢00 l¢00 8IO° 8IOC ¥¢0° €TI0° 600"  600° §valsa ‘s
810" 6¢0° 6¢0° €I0° /[¢O° €e0° O0cO OWOT  9€0" G¥O°  G¥O° 200 90" 8T0° L¢O© ¢e00 ¢¢cO 810" ¢CO L¢0° ¢cO 810" ¢CO°  [¢O° I€0T IEOT ¢e00 2Z¢00  6¢00 8I00 €I0° €10 vaea 1§
€10 ¥¢0° 20" 6000 ¢¢0° 6200 GTOC 9e0° TE0° OWO° OVO" BTO° TEO" €T0° 2¢O 8I0° 8IO° €T0° 8I0° ¢¢O° 8I0° €I0° 8T0° <200 [¢00 Lc00 8IO° 8IOC ¥e0° €TI0° 600" 600° €val8a 05
810" 6¢0° 6¢0° €10° [¢O0° €0 O0cO° OVO°T  9€0° G¥O°  G¥O°  ¢¢0° 90" 8T0° L¢O0 ¢e0 ¢¢cO 810" ¢cO [¢0° ¢cO  8I0° ¢CO°  [¢O° I€0T I€0T ¢e00 Ze0t 600 8I00 €I0° €10 SveAQ 6
810" 6¢0° 6200 €T0° [¢00 €e0° O0cO0  OWOT  9€0° S¥O° S¥O° 2¢O 9€0° 8I0° L¢O° ¢eOT 2¢O 8T0° o ¢¢O°  L¢00  ¢c0'  8I0° ¢¢0° L¢00  I€0°  TE0° ¢c0 2¢O 60 8IO0 €TI0 €TI0 yvoeAd "8y
810" 6¢0° 6¢0° €I0° /[¢O° €e0° O0CO OWO°  9€0° G¥O°  G¥O°  ¢¢0° 90" 8TI0° L¢O0 ¢eO' ¢ecO 810" ¢cO [¢0° ¢cO 810" ¢2O°  [¢O° I€0T  T€OT  ¢e00 Ze0t  6¢00  8I00 €100 €10 eveAa
810" 6¢0° 6¢0° €TI0 /20" €e0° 0CO° OVO°  9€0° S¥O°  G¥O°  220° 90" 8T0° L¢O0 200 2¢O 8I0° 220" L20° o ¢¢o°  8T0° ¢CO°  L¢0°  T€0T  T€OT 2¢0° 2200 6200 8I00 €TI0 €10 weAa
810" 6¢0° 6¢0° €I0° /20" €e0° 0cO°  OVO°  9€0° S¥O°  G¥O° 2200 90" 8T0° L¢00 ¢¢0° 2¢O 8I0° 2¢O L20° ¢¢O  8T0° ¢¢O°  L¢O°  T€0T  T€OT ¢¢0° 2200 6200 8I00 €TI0 €10 TVHeAQ
€10° ¥20° 20" 600" ¢20° 620" GTO°  9€0° T€O°  OvO"  OVO" 8TO° TEO" €T0° <¢¢00 8TI0° 8I0C €TI0° 8I0° ¢¢0° 8I0° €I0° 8T0° ¢¢O° /[¢O© [cO° 8TO° 8TI0° ¥20° €I0° 6000 600 vipwa-
€10° ¥20° ¥¢0° 600" ¢¢0° 620" STO° 9€O° T€O° OvO" OVO" 8TO° TEO" €T0° <¢¢00 8T0° 8I0C €TI0° 8I0° ¢¢0° 8I0° €I0° 8T0° ¢¢O° /[¢O© [¢O© 8TO° 8I0° ¥20° €I0° 6000 600 svpwa:
€60° 860" 960" 8.0° €60° 060" S80° €OT° €OT° 80T €TT" 880" 860" €80° G60° 880" 880" €80° 880" 060" 980" €80 860" €60° 860" 00T 880" 880" G60° €60° 8L0° 8.0 amz-
6.,0° €80° 180" ¥90° 8.0° G80° T.0° €60° 880" 860" 860" ¥.0° 880" 690° T8O €00 €.0° 690" ¥L0° 900 TLO° 690" €80 8L0° €80° §80° v.O0° ¥.00 180" 8L0° ¥90° ¥90° Tvalea-
6/0° €80° 180" ¥90° 8.0° 9/0° T.0° €60° 880" 860" 860" ¥.0° 880" 690° T8O €.0° €0 690" ¥L0° 9.0° TLO° 690" €80 80" €80° §80° v.O0° ¥.00 180" 8L0° V90" ¥90° Tvwisg-®
€0T° 80T° 90T 880" €0T° 00T S60° 8TT" €IT €T €T 860" €IT €600 GO0T° 860" 860" €60° 860" 00T 960" €60° 80T €0T° 80T OTT" 860" 860" SOT° €0T° 880" 880 gvpRpwa:
880" €60° 160" ¥/0° 880" 80" 180" 90T TOT" TIT" OTT" 980" TOT" 780" €60° 980" 980" 180" 980" 880" €80 180" S60° 160" 960" 860" 980" 980" €60° T6O" ¥.0° VIO cvRwa”
T60° 960" €60° 9/0° 160" 880" €80° 90T TOT" TIT" TITT" 980" TOT" T80° €60° 980" 980" 180" 980" 880" ¥BO° 180" 960" 160" 960" 880" 980" 980" €60° T6O0" 9.0° 9.0 viwa:-

6¥0° 6¥0° 6¥0° 9€0° 6v0° ¥SO° OvO" €90° 690" 890" 890" S¥O° 6500 OVO° TSO0 S¥O° S¥O° O¥VO° S¥O°  6¥0° S¥O°  OVO" ¥SOT  6¥0°  v¥S0°  ¥SOT  G¥O°  S¥OT 2S00 6¥0° 980" 9E0 €qedz
90" G€0° 9€0° 2¢O 9€0° OvOT 920" 6VO°  G¥O°  ¥SOT  v¥SOT  T€OT  S¥O°  L¢00 8€0° TE0” TEO” [¢00 TEOT 9€0°  T€O°  L¢0 OVOT  9€0° OWOT  OVO" TE0T TEOT 8EOT 9E0° 220" 220 2qehz
90" G€0° 9€0° 2¢O 9€0" OvOT 920" 6VO°  S¥O°  ¥SOT  v¥SOT  T€OT  S¥O°  L¢00 8€0° TE0” TEO” L¢0T  TEODT 9€0°  T€OT  L¢0° OVOT  9€0° OVOT  OVO" TE0T TEOT 8E0T 9E0° 220 220 TqehZ
€100 20" ¢¢0° 600" ¢¢0° 920" €T0° 9€0° 1€0° OvO"  OVO" 8TO" TEO" €T0° <2¢00 8T0° 8I0C €TI0° 8I0° ¢¢0° 8I0° €TI0 [20° ¢¢0°  [¢0© 920" 8TO0° 8IO° ¥20° 200 6000 600 Siez*
- 20" /20" €10 [¢O0°  T€OT  8TO°  OWOT  9€0° G¥O° SGPO° 2200 90" 8T0° 9¢0° ¢¢0° ¢¢0° 810" 2¢O L20° ¢co°  8T0° T€OT  [¢O°  T€0°  T€0° 2¢0°  2¢00 6200 Le00 €TI0 €10 viez”
180" - 9¢0" €I0° 920" ¢20° 6000 OWO° €E0° S¥O°  v¥OT 2200 GE0° 8TI0° 920" 2¢O 2¢Ot 8I0° ¢¢O° 920" ¢co'  8T0° T€0° 9200 IE0° TE0T ¢c0° <Ce0 6200 920" €TI0 €TI0 ez’
150" 850" - €10 /[¢0° 1€0° 8T0° OWO" 9€0° G¥O°  G¥O°  2¢0°  9€0° 8T0° 9¢0° ¢e0' ¢¢cO 810" ¢¢O° 9¢0° ¢cOT 810" TEOT 920" IE0T IE0T <Ze00 2Z¢00  6¢0°  9¢0° €TI0 €10 ypuIz:
8¢0° 850" /S0° - €10° 810" ¥00° /20" 220" TEO” T€0° 600" ¢CO°  v0OT €T0°  600° 600" ¥OO° 6000 €T0° 6000 ¥OO° 8I0° €I0° 8I0° 8I0° 600" 600" STO° €TO° 000" 000 epulz-
8TT° 880" €0T" /80" - 1€0° 810" O0vO" 9€0° S¥O° G¥O"  ¢20°  9€0° 8T0° 9¢0° ¢¢0° ce0 8I0° ¢e00 9¢0° ¢ecO' 8100 TEO" 9¢0° TEO TEO" ¢20° <20’ 620" 9200  €T0° €TI0 cpulz”
/S0° 850" €.0° 820" 880" -

€10° Sv0° O0v0" 6¥Y0° 6v0° 920" OvO" 220" T€0° 920" 920" ¢¢0° 9200 TE0T 9¢0° 200 SE0°  TEOD” GE0°  GEOT 920" 920" €e0°  1€0°  8T0°  8I0 AepZ
¢ror  €v0"  LS0°  €v0"  €0T  vI0T - T€0° 920" 980" G€0° €T0° 920" 600" LTOC €TO° €TI0 6000 €I0° 8100 €100 6000 ¢cO° 8I0° ¢CO° ¢cO°  €T0° €TI0 02O 8TO°  v¥0O"  ¥OO cnepz -
/S0 €L0° <¢/0° 820" ¢L0° 8200 EVOT - €10° ¥00° €10° L¢0° ¥0O° ¢¢0° T€0T 920" 920" ¢¢o°  [¢00  T€0°  L¢o© 2ot 9e0°  €T0° L0t SE0°  ve0 L1200 620" TEOT L1207 L2O° 618%sa "
¢/0° 960" /80" ¢cvO" /80" €vO"  1SO° vIOT - 810" 8I0° ¢¢0° 6000 8T0° 9¢0° ¢¢0° ¢¢O' 8TO° 2¢0' 9¢0° ¢ec00 8T0° TEOD" 6000 ¢cO° TEO" 02O ¢20  ¥20T 920" ¢20°  ceO 818%sa”
S0 €L0° ¢/0° 820" ¢L0° 8200 €EVO" O yio- - 810" Te€O0" 6000 L¢0© S€0°  TEOT TEOT [¢O°  T€OT  9€0° T€0°  [¢O° OPO° 8TOC TED" OPO° 6¢0° TEODT €E0° 9€0" TED  TIEO 118%sa”
¢/0° 680" 880" €vO" 880" €VO" 850" ¥IO© 820" ¥IOT - T€0° 8T0° 9¢0° S€0° T€O° TEOT 920" ¢¢0°  S€0°  IE0° 9200 OvO°  8TO° TED" OVOT 6¢0° TEOD" €E0° GEOT TEO"  TIEO ¢1g%8sa”
T.00 9€T° /80" ¢/0° SET° €00 880" ¢L0° /80" ¢L0° 880 - 2¢00 ¥00© €100 6000 6000 00" 600" €TI0 600" 0O 8T0° €T0° 8T0° 8I0° 6000 6000 SI0° €I0° 600" 600 118%sa-
¢/0° 880" /80" ¢cvO" /80" €vO" LSO ¥IOT O ¥10° 820" /80" - 810" 920" ¢¢0° ¢cO0° 8I0° ¢20° 920" ¢¢O' 8TO° IEO" 600" ¢eO' TED" 0CO° ¢cO  weO 920" ¢c0 2O TTvd8sa”
T.00 9€T° /80" ¢/0° S€T €0 880" ¢/00 /80" ¢/00 880 O 800 - 6000 ¥00° ¥00° 000" ¥00° 600" ¥0O° 000" €T0° 600" €TO° €TI0 v0O0° ¥OO° TTO° 6000 ¥00° YOO 0Tvo8sa”
880" ¢¢T° €.0° 8%0° 0CT° 890" €.0° ¢€VO° 890" €¥O" 850" €.00 850" €L0° - €10° €100 600" €TI0 LT0° €T0° 600" ¢¢O° LTO" ¢e0" ¢e0' €100 €100 0¢O00  LI0°  €10°  ET0 6vd98sQ”
61T ¥ST° €0T° 880" ¢ST° 680" V¥OT° [SO° €00 /SO° €.0° €0T° €.00 ¢€o0T ¢€vo - 600" v00° 600" €T0° 600" ¥0O° 8T0° €T0° 810" LTO0° 6000 6000 STI0° €100 600 600 8vdesa”
¢/0° 8ET" 880" €00 9€T° €L0° 680" €EVO" 850" €¥O" 8SO" LSO° 850" LS00 850" €00 - ¥00© 600" €100 6000 ¥00° 810" €I0° 8I0° LI0° 600" 600" GTO° €TO° 600" 600 JASLE e
T.0°  9€T" /80" ¢L0° GET° €L0° 880" ¢L0° /80" ¢.0° 880 O 800 0 €00 €o0T LS00 - ¥00° 600" ¥00° 0000 €10° 600" €I0° €I0° 0O ¥OO TI0° 600" ¥0O"  ¥OO §vd8sQ”
180" €ST° €0T° /80" IST° 880" €0T° /80" €0T° /80" ¥OT" ¢vO° €0T° ¢v0° 8¢0° 880" €L00 <¢cv0 - €100 6000 ¥00° 810" €I0° 8I0° 8I0° 600" 600" STO° €TO° 600" 600 w98
61T 68T 9€T" 61T /8T 1¢T" L€T° 880" v¥OT° 880" +OT" €VO" ¥OT" €VO° €Y0° 880" €L00 €¥VO° 820 - ¥00° 600" ¢cO° 8I0° ¢¢0° ¢¢cO° €TI0 €TI0 02O 8TO° €TO° €TI0 €vd8sa”
1T /8T vET" 8T 68T O0CT" G€T° 8TT° GET° 8IT 9E€T ¢/00 Se€T ¢/00 8S0° 61T €0T <¢L0° 820 LSO° - ¥00° 810" €I0° 8T0° 8I0° 600" 600" SIO° €TO° 600" 600 [AASLE e
¢0T" 0T 811" €0T° 89T° ¥OT" 6IT° €0T° 6TT° €01 0¢T" 820 6IT" 8¢00 ¢€y0° €0T° 880" 80" ¥IO° ¥IO° ¢v0" - €10° 6000 €10° €I0° ¥00° ¥0O" TI0° 600" ¥0O"  ¥OO Tvdssa”
IST°  9¢¢ 0.1 ¢ST° €  vST  TLT 02" 9€T°  OcT  LET' €O0T" 9eT €o0T" €.00 7TOoT ¥OT° €0T° /G0° 850" /80" <¢L0° - ¢¢0”  9¢0° 9¢0° 8T0° 8T0° ¥2O° 600" 8T0°  8IO Lguisg”
€0T" T¢T° 880" ¢0° 6IT° €L00 880" €EVO" [SO° €vO" 8S0" 880" LSO0° 880" 850" €.0° 8S0° 880" €0 ¥OTT GET 61T LET' - €10° ¢¢cO" TI0° €I0° 0CO0° 8I0° €I0°  ETO ggwisg
¢/0° 880" /80" ¢vO" /80" €¥O" 8SO" ¥IO° 8¢O° ¥IO° 8¢O° /80" 80" /80" 850" €L0° 8S0° /80" €01 vOT" GET' 6IT° 9ET" 8SO" - 9¢0" G10° 810 ¥20° ¢¢O° 8T0° 8IO0 yauwisg

NGB O NGBS TNNLIOON VIO ATNNDNIWON VDO ANNTI WO VDO N DT O
A ATATAATAATNNANNANNANNANDOOODOOOOODOTF < < 5 <

¢/0° SO0T° 8S0° €v0° ¥OT" €vO" 850" ¥TI0° 820" ¥IOT 6¢0° 8S0" 8¢0° 850" 6¢0° €¥O° 6¢0° 850" €00 €00 ¥OT' 880" SOT' 620" 82O 810" 810" ¥¢0° ¢c0 810" 8T0 gguisg
16T°  G¢¢© 89T IST  vOC  €STT  OLT  Lev  evTT Lev SvTT ¢L00 eyl ¢/00  €L00 0¢eT ¥O0T'  ¢l0° /S0 820" /80" ¢vO" 880" wvTT  wWTT  VOTT - 600" ST0° €TI0 600" 600 cguisg
180" 0¢T° ¢L0° LS0° 8TT° 850" ¢.0° 820" ¢vO" 820 €¥O" ¢L00 ¢v0 ¢/00 €ev0 LS00 €v0" ¢0° /80" 880" 8IT° €O 6IT €EvO <¢v0'  ¥I00 61T - GT10° €T0° 600" 600 yvwisa
T yT° 960" 080" S¥T° 180" /60" 0S0° G90° 0SO° 990" 960" S90° 960" 00" 0SO0° 990" 960" 0SO° 0SO° 080" G90° T8O 990" 690" 9€O° 080" 0SO° - 0¢c0°  ST10°  STIO0° gvuwisg
16T 9¢¢ 0.1 ¢ST° €  vST  TLT 0CT"  9€T°  O¢T  LET' €0T° 9€T €0T° €.00 O¢T ¥OT° €0T° /SO° 850" /80" ¢/0° 850" vOT" 9€T° GOT" 880" 61T 180 - €10° €10 cvuwisg
¢vor €00 /S0 vIOT  ¢L0°  v¥IOT 820" v¥IO© 800 ¥IOC 80" LS00 80 LS00 €vO" ¢0° /SO LS0°  ¢/0°  €0T° <¢OT" /80" 9€T" /SO° 8¢O0° 8¢O° SETT  ¢v0 990" 9ET - 000’ sgpRwa
LG0° 880" ¢/0° 820" /80" 820 €E€¥O" 820" ¢vO" 820 €¥0" 2¢/0° ¢v0°  ¢/0° 850° 880" €00 ¢/0° /80" 61T 8IT° €0T° ¢ST°  <¢/0° 820" E€v0  TISTT  /SO° 080" ¢STT vI0T - Lviswa

143 1€ 0€ 6¢ 8¢ 12 9 14 144 € [44 0¢ 61 LT 9T ST 14 €T 4 17 [0]3 6 8 L 9 S 14 € 4 T

TC 8T
T'v VOIWW Aq pajuswajdwi Se uo110a1io9 S,J0jued-saxyne Yiim poyiaw Lioqoloo-1aN Ag palejnajed saouelsig
‘s9ouanbas AsdAB Jsisebouejaw pue snuolidez Buowe suosiiedwod asimited Jo sanjea (aAnoge) Sp pue (Mojag) Np € ajgel Adejuswajddns

8r1



10949 ' :ala@ ‘eqnyeA 'Q MeAQ ‘eljjpydes ‘q :99s@ ‘suejnwis 'q :wisq :1a1sebouejowl

W@ ‘snuelpul "7 :pulz ‘snuedlje ‘7 ez ‘snojuogeb 'z :qebz ‘Ipiaep 'z :ABpPZ ‘SISusunoJaWed ‘7 :WedZ ‘sniejnalagnl 'z :TqniZ :Saweu sa10ads 1oy SjoquiAs

TEO0 600 120° 9€0° 9€0° o 810 670 (440} €10 810 €10 600 600 600 600 600 €10 €10° 860’ 6.0 ¥80° 0T 680 160’ 650 S0 S0 f440 TAePZ 29
o - Te0 050’ 50’ ¥50° 90’ ovo’ 190 Ei0 980’ oro’ 90’ Te0 TE0 TE0 TEO TEO 9€0’ 9e0’ 81T 860" 0T ver 80T" 81T 8.0’ 90’ 90’ 0v0° Lwedz '19
950 o - 1207 9€0° 9€0° o 810 670 (440} €10° 810 €10 600 600 600 600 600 €10 €10° 860’ 6.0 ¥80° €0T’ 680 860 650 S0 S0 220 Swedz ‘09
0L0° 950’ 0L0° - 40 Y0’ 050’ 90’ 150° o [440) 120 (240 810’ 810 810 810’ 810’ [440 [240) 60T 680" ¥60° 1% 660" 80T 690° ¥50° 50’ €0 Ewed7 '65
15¢ 9T¢ 9G€" cee’ - 000 o S0 8€0° 050 T€0 9€0° 1€0° 120 120 120 120 120 1€0° T€0 €T €80 880 90T €60 10T 890 ¥S0° Y50 TEO 9qMZ "85
S1¢ 9¢ vie gee’ 8c0" - wo Eid0 8€0° 050° TeO 980’ Te0 Le0 120° 120° 120 120 Te0 TE0 0T €80’ 880° 90T €60 10T 890 ¥§0° 50’ T€0 Samz 'S
6vZ 414 iz4 8eT STT LT - 050 250 §S0° 9€0° o 9€0 ¢E0’ ¢e0’ ¢e0’ 2e0 CE0 9€0° 9€0° ar 0T 60T LT 1412 (449 €80 690 690 Sv0° 01ga48d 99
Le0 o 950’ ™o vie yie 474 - 850 TEO [440 Le0 [440) 810’ 810’ 810’ 810’ 810’ [440 [0 1113 T60° 960’ aTT’ 10T o1T 890 ¥§0° 50 €0 8g813Q 'S5
862 092 162 08z 0te Ciz4 [44% 852 - €50 £v0° Ly0 €v0’ 8€0° 8E0’ 8E0’ 8€0° 8€0° €v0’ £v0° T 10T 960 eI 10T 60T 080° 990 990 £v0 Tg912a vs
ToT A CET 112 ey ey 10¢ 0L0° ¥0¢ - Le0 TEO 1200 [440 (4408 (4408 [240) [240) 120 Le0 860 6.0’ 6L0° €T’ 880" 160 €L0’ 650" 650’ 9e0 8val3d '€
S80° 0L0° SIT 660 ee ¥Ee 0 §S0° 182 41 - 700 000 00’ 00 00 700 700 000 000 680° ¥L0° ¥L0° 860 ¥80° 880’ S0 T€0° Te0 600° Svaisad ¢s
S80° 0L0° SIT 660 vee vee oge §50° T8¢ CET 000’ - 00 600’ 600 600° 600° 600’ 00 00’ €60’ 6.0’ A0 0T 680" €60 ovo’ 90’ 9e0’ €10 yval_d 19
§80° 0L0° SIT 660 vee Ve 0ge SS0° 8¢ CET 000° 000’ - 00 00 00 00’ 00’ 000° 000° 680° A0 A0 860° ¥80° 880’ Ei0 TEO TeO 600 €valed 05
0L0° 0L0° 660 80 €52 €5¢’ 09T wo e SIT S50° S50° §50° - 000 000° 000° 000° 00 ¥00° 680 690° A0 60 6L0° 880° 050° 90’ 9e0’ €10 SveAQ "6
00T 00T 0ET 413 162 162 6T 0L0° 08¢’ JA4n ¥80° 80’ 80 L1200 - 000 000° 000° 00 Y00’ 680° 690° A0 60 6L0° 880° 050° 9€0° 980’ €10 PVeAQ "8y
S80° S80° SIT 660 e [7%A LT SS0° T9¢ TET 690° 690° 690° €10’ €10’ - 000° 000° 00 ¥00° 680° 690° L0 60 620 880’ 050° 9€0° 980’ €10 eVeAd "Ly
00T 00T 0ET 41 €5 £5¢ 09T 0L0° e JA4n 80’ 80’ 80’ L20° 120° €10’ - 000° 00 ¥00° 680° 690° A0 ¥60° 620 880° 050° 9€0° 980’ €10 veAa "9y
0L0° 0L0° 660" ¥80° €5 €5¢ 09T wo e SIT §S0° SS0° §S0° 000 120° €10’ 1220° - 00 ¥00° 680° 690° iZA0 ¥60° 620 880° 050° 90" 980’ €10 TVeAQ "S
ET EET T yAZn 9€e” 9€¢’ 89¢ 00T £ee’ 8T S80° S80° §80° §80° §80° 0L0° S80° S80° - 000° 880’ vL0° vL0 860 ¥80° 880° 40 TEO TEO 600 vipwa vy
00T ToT TET ST vee YeE 0ge 0L0° 8¢ 4% §50° SS0° §S0° §S0° §S0° o SS0° SS0° 950 - 680 vL0° L0 860" ¥80° 880° 40 TeO TEO 600° sviswa ey
¢80T GEO'T <¢¢0T 800T 886 68’ 0¢0T 6¥0'T 00T O0TCT 8¢TT 8TT 8TT T90T 8.TT /LITT T190T T190T +0CT 82TT - 0S0° wo 90 S¥0° 050° e SOT 960° 880 amz gy
T6TT LETT €CTT 0S0T 00T 6.6 90T ¥60'T 9Y0'T 992'T 8.TT 8LTT 8LTT 90TT 0€T 99TT 90T'T 90T'T 6SCT 8LTT 62T - ™o ™o 2c0 €0 90T T60° T80° ¥.0° Tvalea 1y
T6T'T LETT €2T'T 0SO0T O0E0T 6.6 §86° ¥60'T  9V0'T 99¢'T 8.TT 8LTT 8.TT 90T'T O0€T 99T'T 90T'T 90T'T 65T 8LTT €80 €80° - SS0° 9e0’ ™o 10T 160° T80° .0 Tvwisa oy
oyT'T 060T 9/0T 800T L90T €I0T 20T 60T 80T O0TCT 8TT 8TT 8TT T90T 8TT LITT T90T T90T ¥0CT 82TT 62T 000° €80’ - 120 980’ TET 91T 90T 860" £vIsWa '6¢
S10T 2.6 T96' ¥06° 20T LL6 268 8€6 266" ¥6T'T 900T 900T 900T 6V6° 8v0'T .66 676" 676" 890'T 900T €6T 890° evr 690 - 810’ 91T 10T T60° €80’ cviswa 'ge
/90T Te0T 600T 8Y6 6E0'T 886 JAZ) 86" §56° 6¢T°'T 990T 9S0T 9S0T 666 TOT'T 90T  S66° S66° €TT 950T EvT €10’ 160° €10 500 - 61T 0T €60’ 980° viewa g
SOy’ ey 414 ey S99 S99 89Y’ T8¢ 26" SSv° k14 14 9y ooy’ oov* oov* ey 0oy’ 6LV Er44 v0¢'T 6IV'T 6IY'T TSET TEET O0EVT - (440 [240 ov0° €qebz 9¢
SOy’ ey 414 gLy §29 S99’ 0cs’ Pxad JAZ} 909 Sy E7A4 SLY idd e d e d Ly Eidd [435:1 E7A4 v0¢'T €I19T €IST 8eV'T PVIVT GeST 820 - 600° €0 20eh7 "¢
Ley i Sy Elda 269 269 6y oy’ 119 6LV 524 544 6vY’ 444 ay (444 Eldd ay €09’ 6vY’ 99¢'T <¢0ST <20ST 82VT L6V'T SIST V10 v - €0 10867 e
oy’ I4id iy Svy’ 62y 62y 44 o7 919" LY Eigd Eidd 44 74 SLE SLE 86¢ SLE 109 idd 89T'T 8SE'T 8SET 96CT /LT 69€T /180 81T T - GiRZ "ee
8L¢ kM4 vy L9v° 414 oy’ €9y’ ger’ ors’ 109 oLy’ (VA4 oLy 96€ 96¢ 96¢ 61V’ 96¢ 9¢s (A4 060'T GYE'T SPET P¥8CT 99¢'T 9SE'T  <CO0T T 81T 10 viyez ¢e
SLE 14 Eizd 99Y’ 205 0SY’ o7 ey ovs’ 661" 697’ 697’ 69Y° €6¢ £6¢° £6¢ 117 £6¢ eracy 697’ L16T'T L0ST L0S'T TEVT LOV'T 6IST LET voT (4% €L0° RZ 'TE
26€ 117 8eY’ 657’ 18 89v’ 6L iy’ TeS 161 97 97 97 1114 1114 1114 ey 1114 914’ o7 L6T'T <¢0S'T <¢0S'T 82rT GOV'T SGIST /80 150° Lo [720) YpulZ "0g
T8¢ 114 0sv* oy SGv° SSv° 81V 08¢’ T6Y" 514 ey’ ey’ ey Eision §6¢ feiion 9L€ feiston LY ey’ T€CT VvSV'T  PvSVT  ¥8E'T ¢9€T 99T  2L0 €T 180° 10’ £puIZ "6¢
Loy 6Ly 109 7A4 €99 €99’ 815’ o9y SvS §09 A4 A4 A4 vy’ ovy’ ovy’ 734 Eldd 0es’ A4 ¥8E'T 899T 899'T L/ST 8YST ¢89T GET SET 113 T cpulz 'ge
SLE 14 Eizd LT 205 209 o7 v.E S8y’ iad (114 61V’ 61V €6¢ £6¢ £6¢ 117 £6¢ Ly 6TV’ TECT 8SKP'T 8SVT /[8ET V¥9€T OLVT ELO oT 880’ V0’ VARpZ *L2
T8¢ 86¢ 81v’ ey’ 9¢s’ oLy 8y’ S6€° 605" oLy wy wy 144 v iy’ iy’ 8ey’ 1414 S6v° 44 ¢ST'T 8EV'T 8EVT 69€T LVE'T 6vP'T 880 880° €T 150° CNepZ "9z
09¢’ L0 Loy ooy’ 434 a8y 444 6G¢€ 99" 154 oy’ oy’ oy’ 8.¢ 8L¢ 8¢ 0ov’ 8L¢ SOy oy’ TLTT ST ST ¢IeT GSC'T  /[8ET ¢L0 0T 180° o 61899sQ 'S¢
8¢ ey 414 44 605 605’ (44 18¢ 26y’ SGv° oy kM4 9y ooy’ oov oov 14 oo’ 6y’ 9y’ 60T'T 96¢'T 96¢'T 8ECT /L8T'T LOET /80 61T €T 150° 81899sQ 'v¢
65€’ 90v Loy 0oy’ 44 a8y 44 85¢’ 99%° 62t ooy oo 44 L1E LLE LLE 0ov’ L1E oy’ o 89T'T TLET TLET 80ET <¢SCT <28ET 2CLO 0T 180° 440 11899sQ "¢
S8¢ Sev’ 9SY’ Ley 97 97 Ly 8¢’ L6 651" oey’ (54 0EY vov’ oy’ oy’ Loy vov' eey’ (1154 890'T S¥C'T SPCT 06T'T L0CT SSC'T 880 0ctT vor 150° ¢1899sa "¢
Yoy’ 6eY 0sv* 744 SGv SSv° 19 08¢’ S 6LV ey’ ey’ ey 66€ 66€° 66€° 744 66€ LIy Sey’ Y0T'T 88CT 88¢T T€'T T8TT 66CT /180 61T eoT 150° 118%9sa 'T¢
8¢ ey 414 44 605 605’ (44 18¢ 6y’ SGv° oy kM4 9y ooy’ oov oov 14 0oy’ 6¢v 9y’ 60T'T 96¢'T 96¢'T 8ECT /L8T'T LOET /80 61T €T 150° TTV98s8d '0¢
oy’ (114 oSy’ 744 SGv° SSv° 197 08¢’ S 6LV ey’ ey’ ey 66€ 66€° 66€° 744 66¢€ LIy Sey’ YOT'T 88CT 88¢'T T€'T T8TT 66CT /80 61T €T 150° 0TVv998sd ‘6T
Sev’ €9’ S8y’ SSY° 06Y’ 061" 108 oty 8¢S’ 88y L5 157 JAsi 4 il54 0EY 0EY SSY' (U574 Sev’ LS 80T'T L6CT L6C'T 8€T /[8T'T 80ET SO0 960° 80 €L0 6v29sQ ‘8T
a8y 018’ veS T0S' 665 665" LES S’ 6.5 LES S0S° S0S' §0S° Sy LY LY 108 SLY 805" S0S' 8¢E'T €6ET €6ET 8CET 0T SOV'T  ¥OT 9T 61T €T 8v39sQ LT
L5 S8y’ 805 LY vig 45 4 ey ¢SS 1158 08y’ 08y’ 08y’ 414 4514 414 LY 414 £8y’ 08y’ 09C'T 96V'T 96v'T Tev'T 9SE'T 80S'T 880 0ctT vor 150° 1v398Q ‘9T
oy’ 44 oSy’ 444 i SSy° L9 08¢’ Sov° 6LV ey’ Seyr’ Sy 66€ 66¢ 66¢ 244 66€ LY Sev' YOT'T 88CT 88¢'T T€'T T8TT 66CT /L8O 61T €T 150° Gv99sQ ‘ST
LY 908’ 8¢S’ L6V 18y 8y’ Eiz) 14 L18° cES 005’ 005’ 00S' 1734 1724 17A4 L6Y 734 €05 005’ o6’ €60'T €60'T L¥O'T 600T ¢OT'T €0T SET 12% [720) Yv9sa vT
8y 01s’ ves T0S' Ettid S8y’ 185 S’ £€vs 99¢ S0S° S0S' S05° Sy SLy LY 108 SLY 9SY° S05' ¢ST'T  T1S€'T  T1SE'T 68CT vECT <¢9€T  9ET oLT ST €T €vI9sQ €T
T0S' TES vss [44) 905 905 (25} A4 £vs eisie Erah 4 S¢S S6v° S6v° S6v’ [24) S6v’ 8¢S’ ) 00T S¥ZT Sv¢T T6T'T EYT'T SSCT  SET 89T 8T T ¢vI9sa ¢l
sy 6L 105 1734 Etid SSv° 81§ o9y 115 cES Ly A4 A4 vy’ vy vy’ 734 Eldd Ly A4 vO'T  LT¢'T  L1¢T S9T'T  6ITT L2eT 61T ST SET 180° Tvo9sa 1T
8y 01g’ ves T0S' ors’ ors’ 185 S (24} LEG S05 S05° S0 Sy Sy Sy 108 SLY 9SY’ S05° 600T TLTT TLTT TeT'T 80T T8TT 9ET oLT ST SET Lgwisqg ‘ot
ey 85Y’ o8y’ sy’ ors’ ors’ L6Y 90v’ [44) A4 esy’ i eay’ 9cr 9y o9y 0SY’ 9y 95¥° £S5y’ 8¢E'T 06ST 06ST LOST €ev'T €09'T 880 0ctT €T 180° 9guwisa ‘6
€8¢’ ey 414 14 018’ 014’ 444 18¢ g6y’ il Loy Loy ey 1o 1ov Tov ey o7 6ev’ Ley ¢re’T  OLV'T  00€E'T 86E'T GEET T8Y'T 880 61T €T L50° yauwisa ‘g
1114 LEY 6SY’ oey’ 115 119 SLY 18¢ 00S’ 44 gey’ cey’ eey’ 90v’ 90v 90v (U574 90Y Sev’ eey’ 8EC'T 89V'T 8IY'T 96E'T CEET 08V'T 850 680° L0 850’ gguisg L
TES 299’ 985’ ¢SS’ GG SES’ 09’ <05’ 09’ 129 §5G° §5S° Eisicy ves ves' ves 4k ves 05" G55 L0T'T ¢62T ¢6¢'T PeECT ¥8T'T €EOET 69T voc 98T SET cguisa 9
Loy 14 Sy Eldd §eS SEG’ 6y oy’ L18 6LV 6vy’ 544 6vy’ [444 (444 (444 Eldd 444 414 G474 YOE'T  PSST  PSST ST SOV'T  99S°T  ¢LO 0T 180° [7A0) yvwisa g
oLy 005’ forach T6Y’ 629 6¢5’ ors’ Sy’ 695" 129 S6v’ S6v’ S6v° 99Y’ 99v 99v T6v' 997’ vy’ S6v’ T€CT 8SKP'T 8SV'T /[8E'T ¥e€T OLVT 960 8T 113 960’ gvwisg 'y
SES’ 199 169 EEE) ors’ ors’ 185 905’ [44) §6G° 095’ 095’ 09’ 8¢5’ 8¢q’ 8¢S’ 955’ 8¢5’ 805" 095’ 600T TLTT TLTT ¥8TT 80T T8TT O9ET oLT ST SET cvuisg e
65€’ 90v 9y 66€" 181 81 144 85¢’ S 62t Tov Tov' 1o 9.€ 9LE 9L€ 66¢€ 9.€ 414 Tov S9T'T  [9€T [9€T P¥OET ¥8CT 8LET LSO 180° Lo 8¢0° sgpwde
T8¢ (474 oSy’ (444 10G 205 194 08¢’ T6Y €SV Sev’ ey’ Sev 66€° 66€° 66€° (444 66€ LY Sey’ T€CT  vSP'T  /9€T ¥8E'T <¢9€T 99T <L0° 0T 180° f440) LvRwa't

[4¢] 19 09 69 85 18 95 SS ¥S €5 4] 18 0s (514 8y A4 el4 14 144 514 [44 144 oy 6€ 8¢ L8 9€ S€ 143 €€

‘uonenunuod ‘¢ a|qel Atejusws|ddng
671



0 0 0 0 0 0 0 0 0 T00° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TAepZ 29
0 0 0 0 0 0 0 To0* 0 To0* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 LWedz ‘19
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Gwieaz ‘09
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 EWed7Z "6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9amzZ "85
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Samz °LS
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01g2i3d '9S
0 0 0 0 0 0 0 T00° 0 T00° T00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8g918Q 'S§
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 188180 ¥
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8vaied ‘€S
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Svaied ¢S
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 yvaied 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 €vaIsd "0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SvoeAQ "6y
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 PYORAQ "8y
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 evorAa Ly
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ovoeAa oy
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 TwoeAQ sy
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ovRwa vy
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 svRwa ey
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 amz 2y
0 100 100 0 200° T00° 0 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 100 T00° T0O! 0 T00° 100 0 0 0 TveRd Ty
0 Too* T00* 0 200° T00* 0 0 0 0 0 0 0 0 0 0 T00 0 0 0 0 0 0 T00° 0 Too* 0 T00° To0* 0 0 0 Tvwisa oy
0 Too* To0* 0 Too* 0 0 0 0 0 0 0 0 0 0 0 T00" 0 0 0 0 0 0 T00° T00° ToO* 0 T00° 0 0 0 0 evIRWa '6€
0 0 0 0 T00° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 T00° 0 0 0 0 0 0 0 0 cvsua 'ge
0 T00 T00° T00 200 100 T00 0 0 0 0 0 0 0 0 0 T00" 0 0 0 0 0 0 T00 T00° TOO 0 T00° T0O 0 0 ToO* TvRwa-e
€T LL0° 9ee’ oog 080" £09° 1T [4x:3 1744 916’ 129 LT 17A4 see 689° 9T 0Le seT oLT 8.0 590 £80° 160° 62¢ 86€ €06’ G20 i [4:14 8.0 L6Y° 00g’ £qebZ "9g
otT SoT L6Y 050 00’ ceT 60T 80¢ voT yse SST 150° U 6€0° ST TEo 0S0° 6€0° Teo ST0° (408 ST0° 6T0° 90 280 JArA §00° §80° 950° ST0° §80° 050° 2ebz "ge
190° 90 20g 580" 990° 6TC 590 9ee” oLT oy’ 6ve §80° LT 990° ST 050° £80° 990° 150° ¥20° 610" ¥eo Teo L0T 9ET 8Ge’ L00° v 260° 20 i §80° Tqe6Z ‘v
7.6 EYT pAqn orL’ T80° 188 evT 018’ 0¥ €6’ 165" veT Lov" 1445 v 8e0’ T6T T TIT 050 8€0" 8v0’ 20 80 See 81¢ 10" T €L0 810 65€" 68T Slez eg
- [44°8 62€ 67" 0v0° €07 9ve’ 709" 0g €T lizd 149 v0g" 1113 60T (00) SYT i 980’ 6€0° TEO 8e0" 610" 990° o4 L8T T10° 980° 150° ST0° 44 SyT ez '2e
566 - 81¢" [24% 80T eve S8T" 8G¢’ T ey €92 870" SLT 10" L80° TI0° 810" 10" 110 900 700" S00° €00 8€0° 8ET 080° 200 0g0’ 0z0° 200 080° JAG) ez 1
086~ €00T- - T 990° SeT 16T 69¢’ 08T PAqd e §80° 08T’ 90 8T’ 050° ¥80° 90 0S0° ¥20° 810" €20’ (40} otT oW 96¢" 100 YT S60° 600 1143 280° YPUIZ "0g
689~ 08y'T-  TLVT- - L0 929’ TET 676" Elad £68° 19 650" oy’ [a4) wr 0’ 650 fa40 S0 L10° €10 ST0° 800 180° Sve’ ove’ S00° voT L0 900 oze (49 EPUIZ "62
§.0C-  LT9T- SS8T- €002 - 6ET LE0° 69¢° 08T vy e 810" 087" V10 8€0° TI0 810 v10° 110 900 700" S00° €00 6€0° [241 280’ €00 0g0’ T2o 200 280" JAQ) cpuIZ 'ge
ov8- ¢TT- ¥6TT- 68V~ 687'T- - 056" 018’ 026’ Sov’ o8’ S8t 026" evT 98¢ L0T 18T evT 80T 60" 6€0° 6v0° €20 €T 06 SLL ¥10° 8TE 16T 810 Tes 929’ YrepZ “ L2
9v6- ¢eET-  YIET-  0¢ST-  ¥OT'C- €90 - 9 6TE 66." 87 L0 6T€" V€0 0T 820° 90" V€0 820" ¥10° 010" (40} L00° €90° (74 e 00 180° §S0° §00° we TeT hepz 19z
025~ 26 206 90 206 199 92r- - 296 oze 956" 68T 103 SYT £99° 6T€ 65" SYT r orT 070" 0S0° 90 15T LY 09z 120 676 or’ 050 iZ2A4 6v6" 6199980 G2
2e0T-  v99T-  8YET-  §9L- 8ve€T- 10T~ 000 T~ - [£4} 929’ §80° 09T ¥90° ST€ evT [iz4 90 050° S90 810" £20° TE0 £0T 98L° v16° 210 i €1 20 06L° clad 8199984 "¢
89€™- S8 €9 SET €9L- 9€e8’ §s¢- §ee - 0€8’ we 9eL 68T 06 1o 0.9 68T e 8LT 250 990° 280° eve’ 6v€ 8T G€0° €68 895" §90° 9ve’ €68 4199380 "€C
292~ SeTT- SOTT-  9ev- SOT'T- 20T §0.- 68~ 91T - o 929 60T SLy €T 26¢" 60T 610" oT T€O 6€0° 670" 68T 606 evy’ 120 1.9 vee’ 8€0° 06’ 7y 21g9%sQ ‘2
LS7'T-  00W'e-  9eLT- S06T- T6EC- vEET- 100~ 22€T-  8eLT-  6LTT- 98YT- - 580" oze 080 020° €0T oze 68T 8GC 650 iz LEO L0 90 68T 650" 650 o 820 T 650° 1199884 T2
2e0T-  G9ET-  8YET-  S9L- 8ve€T- 10T~ 000T-  ¥59° T 288~ 687~ 8ELT- - ¥90° ST€ evT [Siz4 90 050° S90 810" £20° TE0" €0T 98L° v16° 210 vy €1 20 06L° i TIv9%8sa "02
¥09T-  ¥0SC- 6981~ §S0C-  L6ve-  GLVT- OvTZ- 99y’ T-  TL8T-  TCE€T-  ST9T- 666 87T - 850° ST0° €L0 000T CET 18T 20" 9T 820 €0 Ly0 wr 0’ o TE0 020 €L0° [4 40 0TVv98s '6T
€19T- G0T'c-  9e€T- 18Y'T- ¥60C- 698~ 929'T- L&Y~ 600°T-  L92- 9TL™- ¥9L'T-  600T- 0T8T~ - €5¢ 6ET" 850" 187 9€e’ [44% 98T ovT 18T 9T €9 080 952 feiston L0T 95T wr 6v35Q 81
G6T'C- G89¢c- €861~ OvI'Z- L/GC-  Ge9T-  0€¢Z-  000T- €LV~ bi8- 00CT- 6VEC- VT Cve  8YTT- - 850 ST0° €0 Lv0" 210 ST0° o 080 80T 9ee’ [410) €01’ 8T¢ L10° 650° veo 8v38Q LT
L97'T-  90¥'e-  SyLT-  806T- 86€C- SGYET-  2T0C-  T09- 6STT-  Lev- 658 €79T-  6STT- 01871~ 88Y'T- TI6T- - €L0° 650° 080 020 Se0° LEO° 1144 06T 919’ 020 18T v 820 €T 650° L9880 9T
¥09T- v0SC- 6981~ SS0C-  Ll6ve-  GLVT- OvT'Z- 99y’ - TL8T-  TC€T-  ST9T- 666 T.8'T- 000 0t6'T-  2.¥e- 0181~ - CET 18T 20" 9T 820 €0 L¥0 wr 0’ o TE0 020 €L0° [440 Gv8s8Q "GT
TeLT- 08§¢- LL6T- 8E€TC-  €L9¢- 19T~ 92¢C-  L09T-  6L6T-  GLVT-  G86'T-  ZC€T-  6L6T-  BIST-  L0L- ovT'Z-  806'T- B8IST- - S8 65€’ 918" 16T 820 820’ 80T vorT §e0° oze [24% 650° Se0 v038Q T
¢80'C-  Tege- T6CC  Seve-  vIBe- 886’1~ S0SC-  98Y'T-  G98'T-  9SET-  9E9'T-  LET'T-  G98'T-  9Z€T- 996 TI02-  99L'T-  92€T-  TOL- - €L veL 8ve LEO 6Y0° ovT 8y’ Lv0 8¢ 68T 820" L10° €v38Q €T
18TC-  206'C- 68€C- 9€5C- 968C- 680°C- 909C- T80C- T6EC- L96T- /[BTC- ¥06'T- 16€C- GS0C- 08F'T- 8ESC-  6¥EC-  GS0C- 126 608T- - €T 90 010 10 LE0° G0 €10’ L0 L0 T2o €10° 2v99sQ 2T
§60C- O¥8¢- L0€C TL¥C- GEBC- /86T~ 8ESC-  646T- 60E€EC-  LS8T-  680C- 09T'T- 60€C- LOWT-  OEET-  Cl¥Z-  9.Z¢  LOFT- 199 ove™- 815T- - 180° (410} LT0° L0 TeT ST0° 160° 650" S20° ST0° Tv%8sa 1T
§/€C-  veoe-  095¢-  9.9C-  9z0e-  G6CC-  6vlC-  L98T- 68TC-  SSLT-  166'T-  ¥OT'C-  68T'C-  9¢ge-  S8F'T-  ¢S0C-  TITC-  9¢¢e-  YIET-  29T'T- ¢/8T- 09T - 810 €20 €90° €90° (441} er €oT’ v10° 800° Lguisd 0T
LG8'T-  860C- 2I9T- 09LT- /80C- €OCT- 68T~ 6ETT- EV9T- €56~ °eeT-  L00C-  ev9T-  OvT'e-  [2€T- v9LT- €8Y'T-  ObT'Z-  9¢Ze-  60T'C-  909'C-  8€Se-  TOve- - oW 0LL 100 85T 41 L0 [24% 180° 9gwisa 6
vLUT-  E6V'T-  BLYT-  8V6- 8LY'T- 192~ 8STT- €I ee- 6€6° STT 8T ele- §00C-  99T'T-  LI9T- 6T€T- S00C- 20TC- 9867T- 86vC- €2¥e-  G6CC-  6LVT- - TE6 600 S €1 810 €89’ €89’ yawisa-g
68TT-  G9L'T-  2S8- 656 16LT- 982~ 0LTT-  TETT 60T SEET S9v° 0ceT- 60T 187'T-  20E™- 996" 205~ 18r'T-  0¢9T-  S8¥'T-  L0T'C-  TI0C-  LL8T-  E6C- 180" - LEO €€8° 189’ 80" 2 ove’ egguwisa L
0.5C- 98T'e- 2vlc  ¢/8¢  vvoe-  v8ve-  1€6C-  E€vge-  L€SC-  €eT'e-  OvEe-  S06'T-  L€GC-  GS0C-  S9L°T-  6€GC-  0SE€C-  §S0°C- 6€9T- 0L L€T'C-  61ST-  G8T-  vplC- 0Ov9C-  OITC- - (410 L0 L¥0" 800" S00° cgwisa-g
TeLT-  €0ze-  €9¥'T-  8E9T-  v6T'C-  €00T-  09LT-  ¥90™- §9.°- SET 9~ S06'T-  G9L- G§50C-  evT'T-  TP9T-  L2E€T-  GS0C-  8ETC-  L00C-  9€SC-  TLve-  2IE€T LETT- 8Y6- e L89C - oze 110 68T oT yvwisa's
6T6'T- TS€C- 89T~ 18T~ T¥EC- 9621~  6E6T-  GEL- e¢STT- 2US- 0.6 650C- ¢STT-  S8T'C- €26 8€CT- /SST- S8T'Z- 2€CT-  0L0T- 6T8T- YOLT- GSST- 9OV'T-  €SCT- €LV 8T CeTT - V60 ver L0 evwisa 'y
vly'e-  CITe-  289¢-  SllL'e-  S0T'e-  Z6EC-  Tv8Z-  8L6T-  €6C¢-  998'T-  v60'C- 9¢¢e-  €6CC-  6¥EC-  9¢9'T-  8eve-  T€LC-  6vEC-  9L¥T-  O0CET-  S00°C-  806'T-  S¥9'T-  60TC- 66€C- S66'T- L00°C-  Sev'e- 069T- - 010’ 900° cywisa’e
92TT-  €9LT- TL¥T- 866~ 98LT- V1T 9TT- 8T 192~ Sv6° 1% 8e9'T- L9z~ 808'T- ¢vT'l- 806'T- €V9T- 808'T- SO6'T- 92¢¢- 9vEe- wlge  T0S¢C- 9LVT- 6LV 167~ TiLz-  ¢egT-  0SST-  L09C- - oze’ sgpwae
L9V'T-  600C-  9SLT-  LOV'T-  €00C-  68F- 025T-  ¥90- S9.- SET’ 9 S06'T-  S9L- GS0'C-  T8Y'T-  OvT¢-  806T- GS0'C-  BET'C-  Seve-  9€§¢-  TLWC-  9/92-  09LT-  6LY- 656 ¢/8¢-  8E9T- T8I~ SLL'Z- 866 - Lvpwa't

(43 1€ 0g 62 8¢ L2 92 S¢ ¥ 4 144 144 02 6T 8T L

‘suostredwod asimited (G070 > d) ueaiyiubis 03 puodsallod s|199 Aelo) (U0I1981109
s.JojueD-sayne) aourlsIp Liogoloo-1eN pue (Sp # Np) Alljesinau-uou Jo sisaylodAy aaleuss)je Buisn pawlopiad 1581 "sa1ads tsisebouejsw pue
snuolidez Jo sadusnbas AsdAB usamiaq UOI1D9I8S JO 1581-Z aUl J0) (MOJa() sanjeA-4 aduediIubls pue (aAoge) sanjeA Z * ajgel Adejusws|ddng

0ST



810219 " 249 ‘egnyeh 'q MeAq ‘eIjjayoss @ :09sq ‘suenwis ‘g :wisq ‘1sisebourjaw
'Q W@ ‘SnuBIpUl "7 pulZ ‘snuedlje ‘7 ez ‘snoogel ‘7 :qefz ‘IpiAep ‘Z :ABpZ ‘SISUSUNOJSWRD ‘7 :WedZ ‘Sniejnosaqnl 7 Tz :saweu saloads 1oy S|oquiAs

- 002" 90T ToT 0 T00 200 €99° Too* 250 670" 190° 670" T90° T20 §e0° T T90° T10° 620° 0 0 0 0 0 0 0 0 0 0 TAepZ 29
98¢~ - €0 858’ Too* €00 L0 896" L00° 60T 9T¢" 68¢° 9T¢" §S¢ T60° ST 160° §S¢ 20’ STT 0 0 0 0 0 0 Too* 0 0 0 LWedz 19
829T-  z8g- - <ot 0 T00 200 10T To0* 610 L10° 20 LT0° 120 800" €10’ 800° 120 00" T10° 0 0 0 0 0 0 0 0 0 0 Guwedz ‘09
982'T- 6T~ €8cT- - To0* T00" 900 ¢s8 €00° 060" 50" L0 S0 890 20 0r0° 20 890 210 400 0 0 0 0 0 0 0 0 0 0 EWeIZ 65
€9/°e-  goge- 29Le- vese- - 9T T60° Too* 900° 0 0 0 0 T00 0 T00* T00° T00 0 0 0 0 0 0 0 0 0 0 0 0 94z "85
095'¢-  0S0°€-  6S5°€- vese-  sov'T- - €0 Too* 200° 0 0 0 0 T00 0 T00* T00° T00 0 0 0 0 0 0 0 0 0 0 0 0 Samz LS
¢Ire-  60v¥'Z- OTTE- c08'c-  ¢oLT-  BETT- - 600° 8T 100 €00 00 €00° €10 500 800" €10’ €10 100 €00 0 0 0 0 0 0 0 0 0 0 otgaed ‘9§
187 ovo™- 98¢'T- 18T 8ere-  8ewe-  §89C- - S00° 414 992 e 99z €9€ 9TT! €07 91T €9€ 250 £ST 0 0 0 0 0 0 T00° 0 0 0 8g243Q 'S§
88ce-  LELT-  98CE- T90€-  918%C-  €0TE-  TEST- 6.8¢ - ¥10° T00 200° T00° 200 T00 200° 200° 200 T00 T00° 0 0 0 0 0 0 0 0 0 0 19248Q ¥
€96T-  2I9T-  LLET L0L°T-  998'¢-  998°¢-  T8CE- ¢STT- leve - 520 €€0’ §e0° 280 210 610° (410} 280 900 §T0° 0 0 0 0 0 0 0 0 0 0 8vaisd '€
686'T-  900T-  OTV'C- 6v6'T-  G2Le-  Gele-  TS0°€- LITT- 6Lee- 92T - oce 000T ¥.0° 520 £v0’ G20 vL0 L10° 050 0 0 0 0 0 0 0 0 0 0 Svaied ¢S
198°T-  ¥98™- T6CC Te8T-  ¢99€-  299¢e-  0L6C ¥56- 60C€-  8STC- 666 - oze L0T" 920" T90° 9€0° 20T 520" .0 0 0 0 0 0 0 0 0 0 0 yvIea 1§
686T-  900T-  OTV'C- 6v6T-  SeLe- Sele- TS0€- LITT-  6LZe- 92T 000 666" - 7.0 520 £V0’ G20 7.0 JACE 0S0 0 0 0 0 0 0 0 0 0 0 €v913Q 05
€68'T-  WYT'T-  9EET- 0v8'T-  6vEe-  6¥Ee-  EIST €16~ 060€-  €.TZ-  008T- ¢29T-  008T- - 9T oce 41 000T 520 .0 0 0 0 0 0 0 0 0 0 0 SWofeAQ 6y
L8€7-  S0LT-  €0LT ¥8¢c- 089~  085¢-  T¥8C- €89°T-  9v€'e-  G8§C- 89CT- 9eTe-  89%CZ- 8OV~ - oce 41 Qor 520 .0 0 0 0 0 0 0 0 0 0 0 yYOeAQ gy
leve- ewv'l- Lese €L0C-  89v'e-  89¥E-  289C 6.2T-  Cere-  CLET  6Y0C 168T-  6v0C- 866~ 866 - oze 02g’ £Y0° VET 0 0 0 0 0 0 0 0 0 0 eveAa Ly
g€~ SOLT- €0LT ¥8Cc-  6vEe-  6YEE-  EIST €85T-  060€-  §85C-  89CC- 92T'c-  89¢C- 80T~ 8OFT- 866 - 29T 520 .0 0 0 0 0 0 0 0 0 0 0 ZvrAQ 9y
€68'T-  WYT'T-  9EET- 0v8'T-  6vEe-  6¥Ee-  EIST €16~ 060€-  €.TZ-  008T- ¢?9T-  008T- 000 80V’ T- 866~ 8ov'T- - 520 .0 0 0 0 0 0 0 0 0 0 0 TwoeAQ sy
96G'C-  9S0C- 6T vSSC-  9¢L'e- 9eLe- 9TEE- 696'T-  SIS€-  L6LT- VT 0Zc-  Cye- 69¢C 69CC 0S0C-  69¢C-  69¢C - 050° 0 0 0 0 0 0 0 0 0 0 oviswa vy
T1Ce-  /8ST-  €65C 89T'c-  SeLe-  Sele- TS0°€ LEY'T- 6L~ 9SFC-  T86T- 108T-  186T-  008T-  008T- 60ST-  008T-  008T-  186T- - 0 0 0 0 0 0 0 0 0 0 sviwa ey
SS0v-  L66'€-  OTTv- ¥80%-  ¥60%-  SGCTv- 8201 2e0y-  9S0%-  206'€-  9S0°Y- SE0P-  9S0%-  9ETv- €00V L0V 9ET¥-  9ETv-  2S6€E- 950~ - 760 §SC LA T10° 090° 0 0 0 0 amz 2y
yI0y-  666'€-  LOTV- €STy-  9T¥- S0Cv-  60Tv- 880~  ¢80%-  668°€- 650V~ 0v0y-  6S0%-  08Tv-  800%- €0Ty- 08TV~ 08T~  TE€6E- 650%-  889T- - 85¢ 00 19T 662 To0* T00 T00 0 TvaiRa 1y
966'€-  6.6€- /801 TETYy-  PYTv-  T8Tv-  LTTY- 290%-  ¥OT'¥-  668°€- 650V~ 650%-  6S0%- 09Ty~  T66'€-  v8Ov- 09Ty~ 09Ty~  TE6E- 6S0v-  YYTT-  LETT- - LS¥° 820 9T To0* T00 T00 0 Tvwisa oy
v.6'€-  €E6'E-  EVOY- 090%-  920%-  990v-  696°€- 600%-  986'€-  ¥88'E-  STOV- S66'€-  ST0V-  ETTv-  ¥86°€- 180%-  EITy- €Tl SI6€E- ST0v-  89€T-  6L6C 9L~ - 602 374 T00° 100 100 0 £VI3WA '6¢
89Ty~  T60V-  80CY- 88Ty~  SeT'v-  09Tv-  LTTv- ySUy-  celv-  TL6e- L0CY- ¥8Tv-  L0CV-  8LCYV- 20TV vy 8LV BTV WTY- L0Ty-  695C- 1T~ 8IZC-  v9TT- - 374 0 100 100 0 cvipwa 'ge
860v-  veOv-  8YT'v-  T¥T'v-  v6Ov- 6Ty 607 TOTY-  ¥ITP-  O0E0P- 09TV 8ETy- 09TV  8ICYy-  €CTv LTy 8Ty~ 8ICYy- 180%- 09Ty~ 268T-  EVOT L0¥'T- STt €T - T00° 100 100 0 viewa-le
T.9€  ¥8§e-  LveE- 199€-  EVOV-  EVOV-  TL9%€- 9sv'e-  TGL'E- 869¢-  BI6E- 0/6'€-  8T6€-  9LL¢  9LL¢ 9L~ ¥98'€-  9LLe  TLOV- 816'¢-  ¢I8¢- 0S5~  ¥95€- 9.5¢-  v99€-  605E- - 8L ey 9T £qebZ ‘9g
Geg'e-  ETLE-  866°¢- v.6'€-  €9¢y- 89Ty~ GL6€-  vIgEe-  Ee0v-  TOOV-  €TZv- 99Ty €TV 160V 160V L160v- 9TV 60V~  L2EV- €Tey- [98'¢-  Teve- Teve- €8y'e-  v.G9e- 18EE-  0LC- - L8 150° 2qebz e
616'€-  66L¢-  TLOV- §68'€-  02Cy-  0cCy-  T06'€-  vele-  996'€-  Le6€- LTy L6077  L¥Ty- 220V 220 220y L60%- 220 €LY LyTy-  028'€- 69FE-  697€E- 0ege-  9Sv'e-  62ve- 08F L€€- - 980° T0e6Z ‘v
0T v~ Lv0y- 80V~  8YT'y-  €L0%-  EL0v-  G66'€-  966'€-  T6TY-  S9Tv-  €6EV-  vWEP-  €6EP-  BETV-  BETY- 8ETy- €TV~ BETV-  L6V¥- €6EV-  666€- PGl PSLE- T.L€-  698€-  €TLe- 91T~ 8961~ CELT- - SHez 'ee
896'€-  8I6E- 6TV~  S9TYV-  L6OY- cee- 020y ce0v- L0TY-  v8TY-  SOb'v- 8GEV-  SOV'V- 6STy-  6STV-  6GTv-  C€Cv-  6STYV-  €0SV- Sov'y-  €90v-  L9L°€-  L9L€- 8L~ 998'¢€-  Gele-  ¢SCT- 019T-  8Y8T-  €E0- vijez 'ce
§8L°¢- 15L€- SE0b- TI0%-  080%-  LE€6€- 198°¢- €98'€- 90V~ SE0V-  6vCY- coTy-  6vCv-  286'€-  286¢- ¢86'€-  T90V-  286'€-  BSEV- 6vcy-  /88'€-  Le¥E-  Le¥E- 00§€-  TESE-  L6EE-  €8LT-  €E9T- 08T ELVT- ez 'TE
°L8e- SGvLe- GE0Y- 0T0%-  9vT¥-  TIOP-  986°€- 098¢~ 2907~  GE0V- €S- S0Cy-  €SCy- 290~ 290 290y LETV- 290 L9EV- €9Cy-  LT6€-  69FE-  69FE- oes'e-  ¢e9e-  6eve- 196 289 LE0T-  TOV'T- YPUIZ "0g
207 1.6€-  vvev-  v0- SYTv- SYTv- GT6E- cI6e- 8¢y~ L60v-  OEED- 6L 0EEV- 150V~ LS0V- S0V LETY- LSOV whbY- 0eey-  Te6e-  €09C-  €09€C-  ¥S9e-  GpLe-  €99€-  THO'T- 6.6T-  9€LT-  €EE- EPUIZ 62
ce0y-  96'€- 6l TL0v-  TSCh- 15Ty 990V~ 816'¢-  0CT'v- 260V~  BOEV- T9Cy-  80€V-  L6TV-  L6TV- L6TY-  €9TY-  L6TV-  VIVY- 80€'y-  Ov9'e-  9GT'e-  9ST'e-  0Lce-  89ge-  LIT'e  vOL'T- LL0C-  998'T-  SL6T- cpuIz ‘g
62L'e-  669€-  G86°€- 86L'¢-  SE0V-  GEOv-  TI8E-  vI9E-  L[6€-  9g6'E-  T90Y- 600~  T90V-  L26€-  LI6€E- 126'€-  600%-  Lg6€- 00TV~ T90v- /98¢~ 025€-  9vSE- G65'€-  989°C- 905~ TIS- 91S'T-  G€CT- 865~ vrepz " Le
08¢~ 992°€-  T90%- Se0y-  TETHy- 90Ty~ ¥EOY- €/8€-  ¢60¥-  6S0V-  ¥8CY-  vETY-  ¥8TY-  99Tv-  99T'¥- 99Ty~ 98Ty~ 99T¥-  86EY-  ¥8ZY- 0007~  €09E-  €09°€- Lv9e-  leLe-  ¢95e-  TeCT- GT9T- €981~ GLYT- Cnepz 9z
889€-  ¥95€- /98¢~ G99°€-  626€-  626€-  G89°€E- L97'e-  99L€-  CTLE- TveE- 888'€-  Cv6e-  L6LE-  L6LE- 16L°€-  988'€-  LBLE-  Tv6E- cv6'e- 816~ 699C-  6S9°€- §.9€-  808'€-  LI9€-  8EC- 992'T- 196~ ove- 619998Q 'G¢
vvle-  €TLE- 866°€- T18'€-  9v0v-  9vOv-  Sv9'E- 629¢-  ¥68'€-  6Y8E-  V.O0V- ¢e0y-  vO0v- TYEe-  TYEE- wee-  ce0v-  Tvee-  €L0v-  v.0v-  986'€-  €08'E-  €08'E- S6L€-  LT6€-  T9LE- €2l ov9'T- 08T~  T€8™- 8199%3s8Q "¢
8c5e-  80SE-  VI8E- 609°¢-  188'¢-  T88°C-  TEYE- 9ov'e-  STLe-  899°C-  /88'€E- €€8'e-  /88'C-  6ELE-  6ELE- 6€L'e-  T€8'e-  6ELE-  888'€E- 188'€-  ¥06'€-  €59°¢-  €59°¢- 999¢-  [6L€- TI9E- 90T~ LT 2L0- L19%s0 '€
G€9'e-  €19¢-  006°€- 60L¢-  v0Og8'e-  vO8'Ee-  LelE- 0cge-  €08'e-  €GLe- TL6E- ocee-  TL6E-  vEE-  vERE-  vERE-  6I6€-  VEBE-  TL6E- 1.6'€-  696'€-  vE®E-  VEBE- L08'¢-  €v8'E-  06L€- 96V Eev'T- 6€5- ¢Tg%sa ¢e
966'€-  898°€- YTV 696°€-  Lv0¥-  L¥Ov-  CTL6E- 66L€-  ¢96€-  TLOV- 8- LTy 82y~ ¥OTv-  ¥OTv-  vOT'v-  BLTv-  vOT'V-  2SEV- 82Cy-  890F-  898°¢-  898'¢E- 298'e-  686'€-  G¢8'E-  €60T-  0L6T- S0E'T- 118%sa 12
yrl'e-  ETLE-  866°¢- T18€-  9v0%-  9v0r-  G¥9'E- 629€-  ¥68'€-  6Y8E-  ¥.0V- 220y vL0V- Tvee- TveE- 6e-  ¢20v-  Tvee- €0 .0y L00v-  €08'E-  €08°E- S6L€-  LT6€- T9LE-  €eL- 0r9'T- 08T~  T€8- TTv98sQ '02
6v0v-  026'€-  96Tv- ce0v- 9607~ 9601~ 120V~ 98¢~ TI0V-  8ITV- 6L 82y~ 6Lv-  8STY-  8STV- 8STy-  0€CTy-  8STY¥-  86EV- 6.y-  6.L0%-  €88'E-  €88'E-  088'€- VOOV~  T¥BE-  0CZT-  €80C-  GSBT-  OLV'T- 0TVv%sd '6T
20y €06'€-  €9TV-  866'€-  0L0v-  0L0v- 000"~ 8€8'e- LSOV~ ¥e0v-  Ovev- ¢eTYy-  Ovev-  veTv- veTv- verv- veTv- velv- Uy ovey-  L66'€-  S08°€-  S08°€- cog'e-  SZ6e- €9Le- TOv- Syy'T- TSTT-  GLV'T- 6v995Q 81
0Tcy- 1607~ 9CEV- 8Ty~ CEE€V-  CEEV-  TeTv- Ly0y-  ¥ITy- 96Ty~ SOF'v- T9€y-  SOr'v-  LOEV-  LOEW- L0€%-  ¥9EV-  LOEV-  20FY- SOv'y-  98L'e-  9.9C-  9.9°%€- 90L'€e-  G¥8'E-  989E-  T6ET-  68TC- 96T~  E0TC- 8v99sa LT
vwly-  ¥20v-  0LCv- 8ITy-  6LT%- 6.Tv- CITv T.6€-  09T¥-  9€Tv-  6VEV-  vOEV-  6YEV-  vWCv-  vWCv-  vWZv- 90€v-  vvev- Ve 6vEy-  6€8€-  S8FE-  G8FE- LyS'e-  voLe-  Svve- 60T'T- 86T~ 9vLT- VIET- L9350 91
6v0v-  026'€-  96Tv- ¢c0v- 9607~ 9601~ 120V~ 98¢~ TI0V-  8ITV- 6LV 82y~ 6Lv-  8STYV-  8STY- 8STy-  0€CTV-  8STY¥-  86EV- 6.y-  6L0%-  €88'E-  €88'E-  088'€- VOOV~  T¥BE-  0CZT-  €80C-  GSBT-  OLV'T- §v995Q "ST
A4 60y 0EEV- S8Tv-  8ITV-  8ITY-  ELTV- Ly0y- 20Ty~ 86TV~ OTVv- S9Ey-  OTY'y-  0TE€EY-  OTEV- 0TE'Y-  89€Y-  OT€V-  LOVY-  OTVYy-  ¥8Tv-  T¥T'v-  T¥T'P- 007 89TV~  ¥60%-  0BET- ¢8T'C-  896T-  L09T- v985a 1
9S¢y-  9ETv-  B9EY- 8ETy-  0L0%-  0L07- 62T 960%-  €60%-  06C%-  T9EV- LI€%-  T9€¥-  09¢v-  09C- 09¢y-  61€V- 09Cy-  Tvev T9€y-  186€-  EvLE-  EvLE- 8GLe-  068€-  TOLE-  GLLT-  69F¥C- €82 TI86T- €v99sa T
viey-  SSTv-  T8EY- 9vey- 8Ty~ 8TV~ 6eC- 6ITy-  €9T¥-  E€SCv-  29Fv- 6I7'y- v~ 69EV-  69EV- 69€y-  Cerv-  69E€V-  8SYY- ory- 80TV~ 6V6E-  6V6€E- 626€-  LvOv-  S06'€-  G98'T-  €99C-  TLET  960C 2v9sa ¢l
S6T'v- TL0V-  6TEV- L9Tv- 960~ 960V~  8STV- 0y 9vTy-  Tver- TObY- SSEV-  TOv'v-  96CYy-  96CY- 96Cv-  8S€V- 96V~ 86EV- Tory-  9ETV-  G66'€-  S66'€- 896'¢-  ¢80V-  TS6€-  LvLT-  G¥Z-  S8¢C  T00C Tvesa 1T
(e 9v0'y-  92€V- V8TV~ TSTY- ¢STy- STy LvOb- CT0V- 96TYv-  SOb'v- TEY-  SOv'v- L0€y-  L0€V-  L0€V-  VOEV-  LOEV-  68CY- Sov'y-  980%-  €66'€-  €66°€- 9v6'e-  1S0V-  8¥6'e-  €L9T- Ll€C-  S8T'C-  68CC Lauisa T
0y T06'€-  YOT'V- 66~ S6Tv-  S6Tv-  666°€- Geg'e-  LS0%-  0S6'€-  Evey-  veTv-  evey-  SeTv- SeTv- SeTv- 96Tv- SeTv- Tvev- E€vey-  Tel'e- 86T 86CE- 88€€-  199€-  6GCE- 086 198T-  ¥29T-  OVLT- 9gwisa 6
T08€-  §9L€-  LvOv- §98'€- 1607~  T60v-  06L°€- 189€-  Cv6e-  668€-  SCTv-  vIOv-  GeTv- 966'€-  966°€- 966'€-  ¥L0V-  966'€- ¥V S¢Uy-  Tv8e-  8ISE-  TI8E- 895°€-  8TLE-  8L¥VE-  6V8- ¢SLT- 00ST- 686 yauisa-g
168°€-  0LL€  LvOv- 898°€-  8LT¥-  BLTv-  8L8%¢- 269€-  vvee-  206€-  ECTY- €L07-  €2T¥-  966'€-  966°€- 966'€-  €L07-  966'€-  CTV- €2Ty-  618€-  86FE-  867E- 8vg'e-  169°€-  €8¥E- €T el Te6- €00°T- equisg L
8cEy- 0Ty Ty 66Cv-  6€CY-  6ECY- 9LV €8Ty~ v9Tv-  TvEV- €05V Cory-  €0Sv-  0ehy-  0ehv- ocy'y-  99v'v-  0ery-  90vv- €05'v-  €S0v-  698'€-  698'€-  GG8€-  6.6'€-  LI8€-  LlZC- 88T TeLe- L6VT cgwisa-g
v.0v- 6v6'e-  €TTY-  L¥OV-  OvCv-  Ovey- 260V 888'¢-  COT¥-  TLOV-  V6CY- Svey-  veey-  8LTv-  8LTYv- BTV~ LyTv-  8LTY- 6Ty veCv-  /8L'€- 68EE- 68EE- 69v'e-  9€9'€-  0G€E-  S9L- LELT- vLVT- L09°T- yvwisa’s
90T~  066'€- €TV~ 2807 EVTy-  EYTv-  LLOP- ge6'e-  SeTy-  00Tv-  60€EY-  v9Cv-  60EY-  €0Cv-  €0C¥- €0Cy-  99¢v-  €0CYy- 28T 60€y-  098€-  €E5E-  EEGE- 185°€-  OeLe-  g6vEe-  180°T- TE6T-  969T-  908°T- evuisa 'y
99€y-  80CY-  SSKY- 8E€y-  S6T¥-  G6Tv-  STCH- L2¢y- S0V SEEV- LEST- 167y~ LESV-  8SFY-  8SKY- 8Sv'y-  T0SV-  8SFY-  Svvv- LeSy- 60TV CI0v-  ¢I0v-  v68'e-  EL0v-  L96'€-  SLL'T-  69v'C-  €82C-  GBEC- vuisge
6€6'€-  688°€- LTV~ S66'€-  TICh- Ty S66°€- ce8e- 6S0V-  Ce0v- €9Ch- 0Tey- €9V LETV-  LETV- LETY-  CITy- LETV-  88EY- €9Ty-  v20v-  ¥9Le- v9LE- 8L~ 9/8'€-  €ILe 789 8ELT- €T~ TI6- sgpwace
¥20v- T.6'€-  yveh- VOV TLCh- 1.2y ST6€E- cI6e- 82T~ 160~ OEEV- 6.v-  0€€V-  cley-  2ieh- ¢Ieh-  I8eh-  Cley-  bvbh-  0€ey-  TE6'E-  €09'€-  v9L'€-  ¥S9e-  Ghl'€-  €9G5€-  TYOT-  6.6T-  9€LT-  TCET- Lvpwart
29 19 09 65 85 L8 95 §S ¥S €8 25 18 0S 67 8 A4 9v St Va4 34 44 144 (14 6€ 8¢ L8

‘uonenunuod ‘v a|qel Arejusws|ddng
14T



€T 880" 80 0L0° V.0 8.0 0L0° 0L0° ¥80° S80° S.0° T80° LL0° 0L0° 190° 0L0° 991’ a8y 1453 899" 0S 0T 9LV €20T 06V 81§ pulzZ ¢S
9ET” 260° 880 .0 L10° 80° .0 .0 880 880 8.0’ G80° 80° .0 0L0° .0 gLy €67’ 19 899" 09 990'T ¥8Y ov0'T 86V 9zs epulz ‘19
€eT 880° G80 0L0° V.0 8.0 0L0° 0L0° G80° G80° S.0° T80° LL0° 0L0° 190° 0L0° L91° 98" vis 0.5 S05° ¢S0T LY 820T T6v 6TS ZpulZ "0
eT 880" 80 0L0° .0 8.0 0L0° 0L0° ¥80° S80° S.0° T80° LL0° 0L0° 190° 0L0° 99’ a8y 19 89G 058" I0T 9LV €20T 061" 81S" GiJez ‘6%
eeT S60° 260 LL0° €L0° 80 L.0° LL0° 260° 260° T80° 880 ¥80° 120 €L0 110 87 908 453 0.8 119 ¥90'T G6Y’ €80T 209 ovs €1jez '8y
€eT S60° 260 LL0° €L0° 80 L0° LL0° 260° 260° 180° 880 ¥80° 110 €L0 110 81 909 453 0.9 LTS ¥90'T  S6v’ €80T <209 ors’ Ti4eZ 'Ly
(045 S60° 260 LL0° 180° G80° L0° LL0° 260° 260° 280° 880 ¥80° 110 .0 110 891’ 187 V19 199 867 €.0T 8LV 1S0T €09 02s’ 5qebz "o
8T 260° 880 .0 L0° 80° .0 .0 880 880 8.0° G80° 180° .0 0L0° .0 Ly £6v’ 929’ 8.8 s 90T 8 L00'T 86V 0TS €qebz ‘G
9€T 260° 880 VL0 L00° 80° V.0 VL0 880° 880 8.0° G80° 80° V.0 0L0° .0 Ly €6’ V19 899 ¥0S’ 990T v8Y° 00T  86¥° 929 TqeBZ vy
9€T T60° 880 L0 L00° 80° .0 VL0 880° 880° 8.0° ¥80° 80° V.0 0L0° j710) L7 T6v 909 e7Ach 019" 960'T 281’ ¢e0T  S6v’ es VAepZ "EY
eT 880" 80" 0L0° V.0 8.0 0.0 0L0° ¥80° S80° SL0° T80° LL0° 0L0° 190° 0L0° 991’ S8y 19 89G 0S8’ 0T 9V €20T 061" 81¢" CNepZ 2y
124" 660" S60 80° G80° 680" 180° 180° G60° 960° 980° 260° 880" 180° 8.0° 180° 187 109 819 G6S° 9% 960'T L6V’ 990T TI9 ors’ TARDZ "1
€eT 880" G80 T.O0° V.0 8.0 TL0° TLO° G80° 680" SL0° T80° TL0° TL0° 190° TL0° 961 81g’ 0S89’ SG09° LE9 9/,0T .09 180T  1¢9 T8¢ ywedz ‘oy
€eT 880’ S80 TLO° V.0 8.0 TL0° TLO° G80° 680° SL0° T80° TL0° TL0° 190° TL0° 961 81g’ 059’ SG09° LE9° 9/,0T .09 S.0T 129 T8¢ cwedz '6¢
6¢T G80° T80 1290° 0.0° .0 190° 190° 180° G80° T.0° 8.0° 190° 190 790’ 190 061 e ovs’ 169 0€g” ¢90'T 009 €90T GI9 1448 TwedzZ '8¢
€0 e€eo’ 0€0 91O’ 020 £€eo 970 910’ 0€0’ €eo’ 020’ 920° o 910" 910’ 910 861 00S [Acis 669 619 980T 609 6TTT €29 6€S eqmz 'Lg
€0 0€0’ 920 €10’ 970 020’ €10’ €10’ 920° 0€0’ 9T0° €20’ 020 €10’ 910° €10’ 87 687 9€g’ (7A<) 809" ¢S0T  €6v v0T'T 109 [44ch 2amz "9¢
080 9e0’ €€0 020’ €20’ 920 020 020 €eo’ LE0° €co’ 0€0’ 920° (0740} o) 020 119 6TS 6.9 19’ 8€g’ €80T L9 0ET'T Vs 899 TamzZ 'S¢
€97 VET [44% 8sTT 448 8sTT sTT 8TT ar SET ecr ar sTT 8TT viT 8sTT 00%’ 129 e LE9 VA%<S 116 1453 6.6 Tes 299 eaeAa ve
09T VT €0T S60° 660 €T’ S60° S60° €T’ T 00T 660" €0t G60° 260° S60° 129 T899 899 129 699 L60'T VES 2CTT 28 6.9 ewieAQd ee
i 90T 560 880 260 960 880’ 880’ S60° 0T’ €60 260 S60° 880° S80° 880° 8Tg" [435) 099 629’ 8vs 680'T 8¢9 TOTT €vS CLS eweha ze
€T S60° G80 8.0 T80 S80° 8.0 8.0 G80° 260° 280° T80° G80° 8.0 .0 8.0 1494 9Ts" LS G8g’ SES’ 20T S0S 9T0T 619 8vS TWeAQ 1€
690 920 €20 (010} €10’ 910’ (0100 (0010} €eo 920 €10’ 0co’ 9T0° 010’ €10’ 010’ 06t 67 6€9’ 189 118 290T TOS €ITT GIg TeS 61999sQ '0¢€
0.0 o €20 (010} €10’ 910’ (0100 (0010} €eo’ 920’ €10’ 0co’ 9T0° 010’ €10’ 010’ €09’ 509 8vg’ 889" erdch 990T €19 GETT 8¢9 evg 8999sQ '6¢
99T 0T 9TT SOT 80T SOT SOT” SoT 91T e oTT 91T ar SOT T0T SOT” €eg’ 199 0c9y 0€9y’ 89 eV0T  9vS 860T €99 089’ 0¢v29sQ '8¢
10T T90° 150 a0l L90° 0s0° V0’ evo’ 180° T90° Ly0° 50’ 0s0° £v0’ yA40) V0’ L6V 06t 675 969" f43<h GET'T G09 ISTT VIS IPYs 6TVv98sQ "/¢
690° 590 850’ 290° 990 850 860’ S90° 690° €90’ 290° S90° 850 290° 850 9.9 T6S 1LY €99 019 ¢90'T  S69 €8T'T €69 0TY’ 8TWv29sQ '9¢
(0100 910’ 6TO £€eco 970 910’ 010’ 920’ 0co’ €10’ o 910’ 610 910’ 109 609 099’ 89’ 8¢9 T.0T LTS 6VT'T ¢C€9 L9S TTv98sa 'S¢
€10’ 970 0co €10’ €10’ 000° £eo 9T0° €00’ 6T0° €10’ 910’ €10’ 109 609 099’ T09 8¢9 T.0T 119 6VTT CE9 19S 6Vv98sa 'v¢
€00° 900° 000 000 €10’ 910’ €00° 010’ 900° 000° €00’ 000° 61 1494 8vg’ 269 s EV0T €09 6TTT LTS [43ch 89850 '€¢
(010} €00’ €00’ 910’ 020’ 100° €10’ 010’ €00 900° €00 861 008’ 8vg’ 669 8Tg /¥0'T 809 LTTT €29 8€g’ /¥98sQ "¢¢
900° 900° 0c0° €0 010’ 9T0° €10’ 900 (010} 900 809 0TS’ €L V19’ 629 /S0T 819 T80T €€9 (9%°8 qv98sQ 'T¢
000 €10’ 910’ €00’ 010’ 900° 000 €00’ 000° 67 1494 8vg’ 269 as LE0'T €09 80T'T LIS [43ch 2v98sa '0¢
€10’ 9T0° €00° 010’ 900° 000 €00° 000° 61 1494 8vs’ 269 s LEOT €09 80TT L19 [43ch Tv98sA ‘61
£€eo 9T0° €00’ 6T0° €10’ 9T0° €10’ 109 609 099’ T09 8¢9’ T.0T 119 6YT'T ¢CES yAZ} ovuwiisqg ‘8T
(1740) 0¢0° €eo 910 1740} 910 119 0cs’ 189 909 8€9’ 6S0'T [29 €TT s 856G Svuwisg “LT
€10’ 010’ €00 L00° €00 T0S €09 059’ G6S’ €19’ 290T TIS eTT 929 9€g’ yvuwisg 97
910’ 010’ €10’ 010’ 109 609 099’ T09 8¢9 T.0T 119 6VTT 2€9 JAZ} gvuiisqg ST
900 (0)10) 900 61 1494 8vs’ 669 453 LEOT €09 80TT LIS [43ch cvuisg vt
€00’ 000° 61 1494 8vg’ 269 as LE0T €09 80T'T LTS €S Tvuwisqg ‘€T
€00 187 88y 6€9’ G8g’ 109 V0T L6V 00TT TI9 yrach gvisua ¢t
61 1494 8vg’ 269 s LE0'T €09 80T'T LTS 2es Tviswa ‘11t
100 050’ 0T S50’ 199 000 9€g’ €10’ SE0° Jled@ 01T
050’ 680 €e0’ 0L £00° 189 810’ rdo) Znqa ‘6
180 0G0 ZIT'T 080 86T'T GSO TLO° nobq '8
90T" 18’ er €8l LET SOT ueq 'L
Geg’ L0 JAYA 180 690° wesg ‘9
999 69 9TL el adsq ‘g
189 LE0° TS0’ Lswa v
8.9 G969 304a '€
S90° pAua 'z
18sq T

9¢ S¢ 144 €¢ [44 |14 02 6T 8T LT 9T ST T €T 144 T 0T 6 8 L 9 S 14 € Z T
'S910ads e19|dau pue Jaisebour|aw

‘snuoladez Jo saouanbas eidooiw Buowe (soueISIp pooyldyi] a1sodwod wnwixew) aouesip onsuab asimiled G sjqel Aitejuswsa|ddng

4]



"SNUBIPUI "7 :puIZ ‘snueoLije 7 :iyez ‘snoluogeb "7 :qebz {IpIAep "7 :AepZ ‘SISUBUNOJ3WeD "7 [WedZ ‘snyenadagnl 'z :qmz ‘eqnyek
'@ MeAq ‘eljjayoes '@ :99sq ‘suenwis "g :wisq ‘eisefouejsw "q :jawq ‘sisuseuesed g redq ‘1ezzng '@ :zngq resanob g :nobq ‘sesiuoiue 'q
Jueq “ewalss g :wasq ‘148ouads *q :adsq ‘wnuojedlsw "q :Jawq ‘eedaydaoy ‘@ :8oxq ‘18pAY ' :pAyq@ ‘opliss *Q :4esq :Salweu sa10ads 10) S|OqUIAS

€00° 900" 000" OTO0° OTO° 900" €00° €00° €00° 000" OTO" O¥VO" OvVO" 9€0° 80" TL00 S80° ¥/0° €SO°  /L¥O"  €E0° 180" ¢80 G.0° LOT YpulZ 2s
070" €00° €T0° €T0° 070" 900" 900" 900 €000 €100 ¢€v0° €v0° O¥0° ¢80° G.0° 680" 800 /SO° 0SO° 9€0° 980" G80° 8.0 TITIT EpUIZ "1
900" /10" TO° €T0° 010" 010" OTO° 900 910" LvO" [vO" €VO° S80° 80" <¢60° ¢80 090" ¥SO° OvO" 180" ¢80° ¢80 LOT ¢puIZ "0

070" 070" 900" €00° €00° €00° 000" OTO° O¥VO" OvVO0" 9€0° 8.0 TL00 S80° ¥.0° €SO° V0T €€0° 180" ¢80 G.0°  LOT GleZ 61

000" L10° €T0° €700 €100 010" 0c0° TPO TPO" 8EO" 180" LZ0° ¢60° 880" 690" 950" T¥O° 880" 680" 980" SIT €1eZ "8y

L10° €70 €70 €100 0100 0co° TvO° TPO° 860" TBO" [0 260" 880" 6S0° 990" T¥O' 880" 680" 980" GIT THeZ 'Ly

070" €00° 010" 900" 97100 /L¥O" LvO" €VO" 980" 80" <¢60° ¢80 090" ¥SO° OvO" 880" 680" ¢80 VIT Gqebz "oy

900" 900" €00 €T0° €Yo €v0" Ov0" ¢80° G/0° 680" 80" /SO° 090" 9€0° S80° G80° 800 TIT €qebz ‘ay

900" €00° €T0° €¥0° €y0" Ov0" ¢80 G.0° 680" 80" /SO 0SO° 9€0° §80° S80° 800 TIT 1qe67 vy

€00° 900" ¢€¥0° €¥0° Ov0" ¢80 ¥/0° 680" 80" /SO 090" 9€0° S980° G80° 800 OIT YAepZ ey

0100 Ov0" Ov0" 9¢0° 8/0° TL0° S80" v.0° €900 L¥O" €E0" 180" 280" G0 LOT CNepZ Ty

050" 0S0° ¥O" 680" ¢80° 960" ¢80° ¥90° LSO° €EVO" 260" €60° 8,00 8IT TAePZ Ty

900" €00° TZ00 TL00 980" €90° ¥90° LS0° lvO" 180" 280" 60" SIT ywedZ "oy

€00° 80" TLO° 980 €90° ¥90" SO .¥O° T80 ¢80 6L0° GIT CWedZ '6¢

G/0° 890" ¢80° 6500 190" ¥SO° €¥O° 8.0° 80" G0 TIIT TwedZ '8¢

910" €20° 6TT° 00T 960" ¢80 6T0° 0¢0° OIT  0S0° eamz '.e

0¢c0° SIT° €60 680" G600 9100 9100 90T .LvO ¢amz "9g

TeET 0T ¥0T° 680" €0 €20° Tel' €S0 amz 'sg

6/0° 980" 6900 ¢cT  LeT vOT°  LST eapieAa ve
T90° 9€0" €0T" ¥OT" 860" VET evoeAd ‘€€

€v0° 6600 00T v60° VET oveAd ze

680" 980" €80° SQIT TVeAQ ‘1€

€10°  LIT°  0E0 6199954 "0€

LT &0 899950 '6¢

0ST 0¢2w29sd '8¢

18 09 6v 8y Ly 14 14 144 194 [44 w oy 6€ 8¢ L€ 9€ S€ 143 €€ 43 123 0¢ 62 8¢

12
‘uonenunuod ‘g ajgel Arejuswsa|ddng

€at



050’ 8€0’ {40 8€0’ 80’ ¥80° 850 V0 V0 3400 80’ 8€0’ 8€0’ 8v0’ 8€0° 1400 80’ 8€0° €€0° 8€0° YpulZ 8¢
0S0 8€0’ 10 8€0’ 8v0’ ¥80° 860 V0 V0 evo’ 80’ 8€0’ 8€0’ 8y 0 8€0° Evo’ 8€0’ 8€0° €e0’ 8€0’ EpuIZ °Lg
S50 5340 920 5340 €50’ 060 €90 8v0° 8v0° 80’ €50’ 23400 5400 €50’ 3408 80’ 3400 V0 8€0° V0 ¢pulZ 9g
0S0 8€0’ {40 8€0’ 8v0’ ¥80° 860 V0 V0 Evo’ 80’ 8€0’ 8€0’ 8y 0’ 8€0° eV’ 8€0’ 8€0° €e0’ 8€0° Gie7 'S¢
190 vS0° LED ¥§0 90° 00T SL0° 650° 650° 6v0° 90’ ¥S0° 750’ §90° 750’ 6S0° 750’ ¥50° 670’ ¥50° E4BZ 'vE
cLO 650 o 650’ 0L0° 00T 080 ¥90° ¥90° ¥50° L0 650’ 650 L0 650 ¥90° 650’ 650’ ¥50° 650° THeZ €€
S50 340 920 o S0 L80° 290 90 Y0 av0’ 150 o wo TS0 o 9r0’ o o 9€0° wo Gaebz 'ze
0S0 8€0’ {40 8e0’ 8v0’ ¥80° 860 €v0 V0 eV’ tid0) 8€0’ 8¢e0’ 8y 0’ 8€0’ eV’ 8€0’ 8€0° €e0’ 8€0° €qebz ‘1€
050 80’ 10 8€0’ 80’ ¥80° 850 V0 V0 3400 8v0’ 8€0’ 8€0’ 8v0’ 8€0’ evo’ 8€0’ 8€0° €€0° 8€0° 10867 "0¢
S50 o140 9¢0’ 340 €50’ 060° €90° 8v0’ 870’ 8v0’ €50’ Evo’ Vo’ €50’ 140 80’ 1400 V0’ 8¢€0’ V0’ YAePZ "6¢
0S0° 80’ 120 8¢€0’ 8v0’ ¥80° 850’ V0’ V0’ 1400 8v0’ 8¢€0’ 8¢€0’ 8v0’ 80’ Evo’ 80’ 8¢€0’ €e0’ 8€0’ ¢hepZ '8¢
S50 €50’ 9E0’ €50 €90’ 060 €L0° 850 850 850’ €90 €50 €50 €90 €50 850’ €50 €50° 8v0° €50° TAePZ "2
Y0 8€0’ 6¢0° 8€0’ 80’ SL0 850 V0 V0 140 8v0’ 8€0’ 8€0’ 8v0’ 8€0° evo’ 8€0’ 8€0° €€0’ 8€0° puedsz '9¢
Ly0 80’ 8¢0’ 8¢€0’ 8v0’ 8L0° 850’ V0’ V0’ 1400 8v0’ 8€0’ 8¢€0’ 8v0’ 80’ Evo’ 80’ 8¢€0’ €e0’ 8¢€0’ cwedz °Gg
4749 20 veo €e0 Vo’ TLO €50 8€0° 8€0° 80’ 40 20} 20 340 €e0’ 8¢0’ €e0’ €€0° 620’ €€0’ TWwedZ ‘v
8.0 890° €90’ v10 veo ooT 9€0’ 610’ 610’ 610’ veo vT0 v10° 740 v10° 610’ v10° v10° v10° v10° eamz 'ge
980 890° €90 600° 610 0T 6¢0° v10° v10° 10’ 610 600 600 610 600 v10° 600° 600° v10° 600° ¢amz “¢e
T60 €L0 890 y10 1749 oTT €e0 6T0° 670 610 veo v10° v10 veo v10° 610’ 141 v10° 610’ v10° amz 1¢
- SL0 ¢so jZA0 980° L80° L60° 080 080 080° Lo V.00 jZA0) 980 v.L0° 80’ |ZA0) v.0° 690° v.0° epreAq "0z
TS0 - 8v0’ 850’ 890° L0T 6.0° €90 €90 €90’ 890 850 850’ 890 850 €90’ 850’ 850 €50 850 ZwieAd 6T
0.0 8v0’ - €50 €90’ 060 jZA0 860 860 850’ €90 €50’ €50 €90 €50 850’ €50 €50° 870 €50° TweAQ 8T
60¢ €6T S6T - 600° L60° 610 S00° S00° S00° 600 000 000 600 000 S00° 000° 000 S00° 000 679%9sQ L1
88T’ SST osT cen - oTT 6¢0° 600° v10° 10° 610 600 600 610 600 v10° 600 600° v10° 600° 8999sQ 91
0ET 980° LLO €EC ote - ver eo0T 160 0T 060 L60° 160 oTT 160 eor L60° L60° 060 L60° 0¢wossa 9T
vic €5¢ §6¢ 90 660 18¢C - veo veo 740 6¢0 610 670 6¢0 610 740 610 610’ 740 670 6TV99sa vT
SG¢ 9€¢C 8€¢ 00T 990’ L8¢C LT - 600 600° 10’ S00° S00° v10 S00° 600° S00° S00° 600° S00° TTVvo9sd €T
88T’ SST osT 430 000 60¢ 660° 990 - 600° 10’ S00° S00° v10 S00° 600° S00° S00° 600° S00° 8v99sa ¢T
88T’ ST osT 430 000° o1e 660° G90° 000 - 10’ S00° S00° v10 S00° 600° S00° S00° 600° S00° JARLN G
86T SST osT 430 000 60¢ 660° S90° 000 000 - 600 600 670 600 v10° 600 600° v10° 600° Gv98sa 0T
L8T 113 SST 430 000° 60¢ 660° S90° 000 000° 000 - 000 600 000 S00° 000° 000 S00° 000 ¢v9sd ‘6
18T 1213 ST 430 000 60¢ 660° S90° 000 000° 000 000° - 600 000 S00° 000° 000 S00° 000 Tvdssd '8
60¢ vLT QLT 8v0’ 910’ veT 91T 870 910 910’ 910’ 910 910 - 600 y10° 600° 600° v10° 600° Svwisg ‘L
18T 1213 SST 430 000 60¢ 660° S90° 000 000° 000 000° 000 910 - S00° 000 000 S00° 000 pvwisa -9
L8T 113 SqT 430 000° 60¢ 660 90 000 000° 000 000° 000 910 000 - S00° S00° 600° S00° cvuisag
18T 113 SeT 430 000 60¢ 660° S90° 000 000° 000 000° 000 910 000 000 - 000° S00° 000 Tvwisa'y
L8T 113 SqT 430 000° 60¢ 660° G990 000 000° 000 000 000 910 000 000 000° - S00° 000 yvI3Wpa '€
18T 113 SST [A%0} 000° 60¢ 660’ §90° 000° 000’ 000 000° 000° 910 000° 000° 000° 000° - S00° gvswa ¢
L8T 113 SST [43) 000 60¢ 660 §90° 000 000° 000 000° 000 910 000 000 000 000 000 - TvI3Wa T
0¢ 61 8T LT 91 ST 14 €T 4} 11 ot 6 8 L 9 S 1% € [4 T
TV

VO3 Aq pajuswajdwl Se Uo11981109 S, 10juURD-SaMNL UM poylew Liogolo-1aN 8yl Aq pare|najed seauelsiq "seldads Jaisebour|aw
pue snuolidez Jo saouanbas eidooiw usamiaq suostredwod asimited Jo sanjeA (8Aoge) Sp pue (Mojaq) NP ‘9 ajgel Aselusws|ddns

1418



egnyjeA '@ MeAq ‘eljsyoss ‘g :99sq ‘suenwis g :wisq ‘daisebouepw
'@ W@ ‘snuelpul "7 :pulz ‘snuedle ‘7 :iyez ‘snaluogeb ‘7 :qebz ‘Ipiaep 7 :ABpZ SISusunoJawed ‘7 :WedzZ Snienaagqny ‘7 :TqniZ :saweu saloads 1o) S|oquAS

- 000° S00° 000° v10° 670 S00° 000 000 S00° 000 v10° 670 610 v10 8v0’ 8y 0’ €50 YpulZ '8¢
000 - S00° 000 v10° 670 S00° 000 000 S00° 000° v10° 610 610 v10 80’ 8v0’ €50’ EpulZ " L€
910’ 910’ - S00° 610 o 600 S00° S00° 600 S00° 6T0 ve0 174 6TO €50’ €50 850’ chulz '9g
000° 000° 910 - v10° 610 S00° 000 000 S00° 000 v10° 610 610 v10 8v0’ 8y 0’ €50 GHJeZ "SE
000 000° 970 000 - S00° 670 v10° v10° 670 10° 6¢0° veD veD 620 650 S90° 690 EIZ V€
000 000 970 000 000 - veo 670 670 veo 610’ 230 6€0° 6€0° 1230 90° L0 S0 THEZ '€E
000° 000 9T0° 000 000 000 - S00° S00° 600 S00° 670 174 174 670 TS0 150° S50 Gqebz ‘zg
910’ 910’ [430) 910 910 910 910 - 000 S00° 000° v10° 610 610 v10 80’ 8v0’ €50’ eqebz '1¢
000 000 910 000 000 000 000 910 - S00° 000° v10° 610 610 v10 80’ 8v0’ €50’ 19867 "0¢
000 000 970 000 000 000 000 910 000 - S00° 600° 1740 174 670 €50’ €50 850 VAepZ "6¢
000 000 9T0° 000 000 000 000 910 000 000 - v10° 610 610 v10 80’ 8v0’ €50 CNepZ '8¢
000 000 9T0° 000 000 000 000 910 000 000 000° - Teo €e0’ 8¢0’ 90 €90 890 TAepPZ 'L¢
910’ 910’ 40 910 000 000 910 [40% 970 910 910’ veo - 600 S00° 8€0’ 8v0’ €50 Pwesz '9¢
910’ 910’ [430) 910 000 000 910 ce0 970 910 910’ 910 000 - S00° 80’ 8v0’ €50’ cwedZ "G¢
910’ 910’ [430) 910’ 000 000 910 [250% 970 910 910’ 910 000 000 - 3400 5340 8v0’ TwedZ ‘v
81T 81T LET 8TT 1T Ter Ler LET 8TT 81T’ 81T 8¢cT SET 9ET 9ET - veo 8¢0’ €eqniz "ee
00T 00T 81T 00T [0 coT 80T 81T’ 00T 00T 00T 00T 91T LT LTT 910’ - o caniz 'ee
0cT 0cT 6ET 0T oA o4 6¢T” 6ET” 4% 0cT 0cT 0cT LET 8ET 8ET 000 910 - anz 1e
evo’ 0} 90 eV’ V0 a0 €v0 T90 €0 V0 a0 T90° 6€0° veD 120 LT ST 69T eapreAd ‘0z
910’ 910’ [430) 910’ 910 910 910 [250) 970 910 910’ 910 €0 [430) [450) SET LT LET ZwieAd 6T
(0)40) (0)40) LS50 (0)40) o o ov0 150° (0)40) ov0 0i40) (01400 8v0° 8y 0’ 8v0’ 9ET LT 8ET TweAQ 81
SLT SLT 9sT QLT 6LT 08T 8T S6T QLT QLT SLT SLT 4% S6T €6T 80’ S90° 6v0° 67993sQ "LT
LET LET 61T LET orT wr T 9ST” LET 8ET” LET 8ET” 113 9ST ST 910’ 430 910 8993sQ 91
LS0° LS0° LLO LS0° 190° 1290 190° L10° 1S0° 150 LS50 150° 990 150 150 L6T ar 88T 0¢wossa ST
vee vee ETe vee 6EC we 9€C’ §§¢ vee 24 vee vee 414 §G¢ €4¢ L0T vET 81T 6TVv99sa v1T
L1T L1T 96T LT [444 vee Lec 8€C LTC JAYA L1T LTC St 8€¢C 9€C €80’ 00T ¥80° TTv8sa €T
LET LET 61T LET orT wr T 9ST LET 8ET LET 8ET 1213 9ST ST 910’ 430 910 8vd9sd ¢T
LET LET 81T LET orT wr T 9ST” LET LET LET LET 113 9ST ST 910’ 430 910 Lv38sa 'TT
LET LET 81T LET orT wr T 9ST” LET LET LET LET 113 9ST ST 910’ 430 910 G998 0T
LET LET 81T LET orT wr T 9sT LET LET LET LET 112 SST 1% 910 40 910 [ASLN G
LET LET 81T LET orT wr T 9ST” LET LET LET LET 1% ST 114 910’ 430 910 Tw8sQ '8
9T 9T LET 9ST 6ST 09T SoT SLT 9sT’ 9sT" 9T 9sT LT SLT VLT [430) 8v0’ 430 Svwisg 'L
LET LET 81T LET orT wr Eiga 9sT LET LET LET LET 1% ST 113 910’ [A%0} 910’ yvwisg 9
LET LET 81T LET orT wr T 9sT” LET LET LET LET 1% ST 1214 910’ 430 910 cvuisag
LET LET 81T LET orT wr T 9sT” LET LET LET LET 1% ST 114 910’ 430 910 Tvwisa 'y
LET LET 81T LET orT wr T 9sT" LET LET LET LET 1% ST 114 910’ 430 910 yvI3wpa '€
LET LET 81T LET orT wr T 9sT” LET LET LET LET 1% ST 1214 910’ 430 910 gvId3wa ¢
LET LET 81T LET orT wr T 9ST LET LET LET LET vST SST 113 910’ [4%0) 910’ viswa-t
8¢ LE 9¢ §€ 143 €€ 43 1€ 0€ 6¢ 8¢ x4 9¢ S¢ e €¢ ac |74

GaT

"uolrenunuod ‘g s|qe] Aseiusws|ddns



6¢8 18¢ 494 [440) 680° 805 1410 110 [210) L0 060 850 850 §50° 850’ €L0 850’ 850 9v0 850’ YpulZ '8¢

68 T8¢ 494 [440) 680° 805" v10’ 110 [4A0) L0 060 850 860 §50° 850’ €L0 850’ 860 ov0 850’ EpUIZ " L€
288’ [} LyE 12740 6LT VLl 9¢0’ Teo LT A4 08T 0cT 0cT 112 0cT 8yl 0cT 0cT 960° 0cT ¢pulZ "9g
6¢8 18¢ 494 [440) 680° 805" 1410 110 [2A0) L0 060 850 860 G50 850’ €L0 850’ 860 ov0 850’ GlJeZ "G
A4 00T 8.8 evo’ €T LSy 40} I40) GET 060 yoT 113 T eoT 113 9ET” 113 113 T60° 113 ENBZ 'vE
€6€ TL0 §66° ¢s0 [4:1% Asia 0€0° veo 09T 60T g6t vET vET [44% veET 415 VT veT oTT VET THeZ €€
669 T0C ST9 610’ 8.0 LEY ST0 010 €90° €90 6.0 TS0 TS0 60’ TS0 ¥90° TS0 TS0 0v0 TS0 GOebz ‘ze
§9/° 908’ LT 10’ §50° 188 600° L00° v0° 1440 GG0° SE0 SE0 €0 SEO v0 SE0’ SE0 8¢0° SE0’ €qebz '1¢
6¢8° 18¢ 494 [440) 680° 805 1410 110 cLO L0 060° 850’ 850 §S0° 850’ €L0 850’ 850’ 9v0 850’ 10e6Z "0g
L0L 144 79 L20 60T ra L10° €T0° 680° 680° otT [Z710) (240 890° L0 060° cLO cLO LS0° [0} YNepzZ '6¢
68 18¢ 494 [440) 680° 805 v10’ 110 cLO cLO 060’ 850’ 850 §S0° 850’ €L0 850’ 850’ 9v0 850’ ¢Nepz '8¢
LL8 ToT €18 440 9T e §e0 0c0 EET 129% [4°1n T T [ T SET T T 060 T TAepZ 'Le
evs’ 06/ €¢s 10’ L50° Ges’ 600° L00° 5400 ov0’ LS0° 9€0’ 9€0’ SE0° 90’ 9v0 90’ 9€0’ 6¢20° 90’ ywedZ '9¢
€99’ 508’ 453 ¥10° §50° G09° 600° L00° v0° 1440 §S0° SE0 SEO €0 SE0’ Y0 SE0’ SEO 8¢0° St CwedZ 'G¢
08. [44° 9TV’ 110 Sv0’ s0L L00° 900 9e0’ 9€0’ Sv0° 8¢0’ 8¢0 8¢0° 8¢0’ 9€0 8¢0’ 8¢0 [440) 8¢0’ TWedZ 've
6¢T ¥0¢ 99T v 089’ SLT 1413 4% 898’ 998’ 6L9° 8¢6’ 8¢6’ 178 8¢6’ 798 8¢6’ 8¢6’ 8¢6° 8¢6’ eqniz "ec
T0€ vee 89¢ 00T 009’ 29¢ LEQ Sv0’ 114 v 109 iz 123 9¢e’ iz 99¥° iz 123 99" iz ¢aniz '¢e
S1¢ TeC 06T e 769’ 90¢ 9.0 00T 188 6.8 €69’ LT6 LT6 ceL LT6 L8 L16° LT6 L8 L16° amiz '1e
- L19 099 €50’ 0ctT 414 (450 9¢0 00T 00T 090 780 ¥80° LLO 780 [ 780 780 690° ¥80° egeAa ‘oz
679’ - 666° 20 4 089 0cor 910" voT SoT” LeT 180 180 080° 180 90T 180 180 0L0° 180 eweha 6T
vy ) - Le0 [4% TLL 910’ €10 ¥80° 780 [ 690 690 ¥90° 690° G80° 690 690 950 690° TveAQ ‘8T
G56'T-  8vT'¢c- vvee- - [4%43 Z80° €8T 1740 e (474 Eve [4°1% [4c1% 18T [4°1% [474 QT [4°1% 474 41 6T9%sa "LT
G9G'T- 6€9°T- 8V9T- €96 - 8.LT [4% 660° L80° 180 80’ T 9T 698 T L80° 9T T L80° 9T 8g%9sQ ‘9T
¥§L- 414 T6¢ 96L'T-  ¥SE€'T- - 7.0 (0j40) 8cT 18T 90T 8cT 8cT LT 8cT eqT 8cT 8cT 90T 8cT 0¢wd9sa ST
9/T'¢- ¢S€¢- 8ey'e- 8EET- 99T~ 66LT- - 110 6L0° 620 0T T90 T90° T90° T90 080 T90 T90 080 T90° 6TVv93sA 'vT
¢9¢’e-  9Ev'e-  ¢¢S¢-  6L¢¢c- ¢99'T-  T180C- v6SC - 660° 660’ YET [710) cLO e Lo 660’ [710) cLO 660° cLO TTV93sa €T
8G99'T-  9€9'T- vyl T- 9.TT- 82LT  €esT- TLLT- <¢99T- - T L80° 0ce 0ce ve6 0ce’ 9T 0ce’ 0ce 9T 0ce 8950 ¢T
G§99'T-  ¥E9'T- ¢vl'T- GLTT- 82T  Syy'T-  O0LLT- T199T- <CIvT - L80° 0ce 0ce 140 0ce’ 9T 0ce’ 0ce 9T 0ce LV99sa 'TT
¢06'T- 9€9'T- G¥9'T- €96 v66'T  L¢9T- S¥9T-  L0ST- 82LT  82LT - T 9T 898’ T L80° 9T 9T L80° 9T G950 0T
evLT-  Lel'T- GEBT-  LOV'T-  CIV'T  €eSqT-  €68'T- 8I8T- 666 666 T - 000T  TIL 000T  0c& 000T  000T  Oc€ 000'T ¢v99sd '6
evLT-  Lel'T- GEBT-  LOV'T-  CIVT  €ESQT-  €68'T- 8I8T- 666 666° ¢Iy'T  000° - 17A 000T  0c& 000T  000T  Oc€ 000'T Tw8sd '8
T8LT-  ¥9L°T-  [98T-  LyE€T- 99T 08S'1T- 168'T- T.TT- 960 760"~ L9T cLE- cLE- - I17A 126 17A A7A 126 17A Svuwisqg “L
€. T-  L¢l'T-  GE®T-  LOV'T-  CIV'T  €e91- €68'T- 8I8T- 666 666° ¢yt 000° 000 cLe- - 0ce 000T  000T  Oc& 000'T yvwisag ‘9
059'T- 6¢9T- 8ELT- GLT'T- 82T 8ey'T- L9LT- 099T- <CI¥T  CIVT  8¢LT 666 666° 260 666" - 0ce 0ce 9T 0ce cvwisa s
€. T-  Lel'T-  GE’T-  LOV'T-  CIV'T  €e91-  €68'T- 8I8T- 666 666° ¢yl 000° 000 clLe- 000° 666" - 000T  0c& 000°T Tvuisa v
evLT-  Lel'T- GEBT- LOV'T-  CIVT  €eST-  €68'T- 8I8T- 666 666’ ¢Iv't - 000 000 cLE- 000° 666 000° - 0ce’ 000'T yvidwpa e
LE8'T-  Ge8'T- €e6'T- GLT'T- 82T  L29T- [92°T- 099T- <CI¥T  ¢CIVT  8¢LT 666 666’ 260~ 666" ¢l 666 666 - 0ce gviswa ¢
EvLT-  [l¢L'T-  GEBT-  LOV'T-  ZIVT €EST-  €68'T-  8I8T- 666 666 ¢y't 000 000 cLE- 000° 666 000° 000° 666’ - viswa't
0¢ 67 8T LT 9T ST 14} €T 4} 17 0T 6 8 L 9 S 14 € 4 T

‘suostredwod asimited (G0 0 > d) ueaiiubis 0y puodsallod s1189 Aelo) (UO1198.I0D S, JoJURD
-soynr) aouelsip Logolo9-1sN pue (Sp # NP) Alljesanau-uou Jo SsIsaylodAy aAireusslje Buisn pawioiad 158 "sa19ads Jsiseboue|sw pue snuolidez
JO saouanbas eidooiw usaMIaq UOIDBIaS JO 1S81-Z a8yl 10} (Mo]aq) SsanjeA-d aduedljiubis pue (aAoge) sanjeA 7z °/ 9jqel Auejuswsajddns

94T



eqnyeA "Q MeAQ ‘eljjpydes ' :99s@ ‘suejnwis "q :wisq ‘191sebouejow
'@ :]sw@ ‘snueipul "Z :pulZ ‘snueduye ‘7 ez ‘snawuogeb 'z :qebz ‘Ipiaep 7 :AepZ SISUSUNOJBWED "7 WedZ ‘Snienatsgnl ‘7 TgnlZ :Ssweu saioads 1oy sjoquiAs

- 000'T T0S 000'T 180 870 0ce Tee 000'T 0ce 000'T 180 098’ 0.8 L¢6 8yl ove LT YpulZ '8¢
000 - 105 000'T 180 870 0ce Tee 000'T 0ce 000'T 180 098’ 0.8 LC6 8yl ave LT EpulZ “LE
G19- G19- - T0S .8 069 60L we T0S 90, T0S V.8 0§, ovL 665" 113 €8T’ 0ET ¢pulZ "9g
000 000 G/9- - 180 870 0ce” Tee 000'T 0ce 000'T 180 098’ 0.8 126 8yl ove VLT GIJeZ "SE
8¢L'T 8¢L'T €T 8¢L'T - 0ce 870 [44% 180 8v0’ 180 910’ 0tT0’ 0tTo’ 910’ 0ce Tey 00¢’ EIZ V€
€66'T €66'T 00" €66'T 666 - 8¢0 9.8 8y 0’ 8¢0’ 870’ 0tTo’ 900° 900 0tTo’ 65¢ 1274 iz THEZ '€E
666" 666’ G/ 666° €66'T Leee - ¢0S 0ce T 0ce 8v0’ 699 089 298’ 6¢T vie [4<1% Gqebz ‘ze
166 166 LIT'T- 166 860" 9sT” v.9- - Tee 00§ Tee 676’ €09 §65° €9’ 060 0ST L0T €qedz ‘1€
000 000° §/9- 000 8¢L'T €66'T 666 166" - 0ce 000'T 180 098’ 0.8 126 i ove VLT 1qe67 "0¢
666’ 666’ 6L~ 666’ €66'T Leee <t 919 666" - 0ce’ 9T 7AC) 989’ 898’ 08T S6¢ 60¢ Y\epzZ '6¢
000 000 G19- 000 8¢L'T €66'T 666° 166" 000 666 - L80° 098’ 0.8 126 8yl ave VLT CNepZ '8¢
8¢L'T 8¢L'T 69T 8¢L'T LEV'C 0€9'¢ ¥66'T 10T 8¢L'T 1A 8¢L'1T - [4<7A €6€ 0cs’ 68T LTV L6¢C TAePZ 'L2
LT LT 61E™- LT 0€9°¢ 608'¢C 8¢’ ¢es- LT Ter LT LTE - T 0ce 090 SST 113 Ppwesz '9¢
yoT YoT €ee- YoT 0€9'¢ 608'¢C e v€S™- YoT Sov* voT 158 [ - 0ce’ 160’ 0ST L0T cwiedZ "G¢
260 260 8¢5 260 LEV'C 0€9°¢ I7A% 9€/L™- ¢60™- L9T ¢60™- Y9 666 666 - vL0 ecr 680° TWwedZ ‘v
SSY'T- SSY'T- €09'T- SSY'T- €eCT- YveET'T- LeS'T- L0L'T- SSy'T- 6¥€'T- SSY'T- ¢eeT- T06°T- S0L'T- ¢08'T- - cLY 910’ eqniz "€¢
99T'T- 99T'T- 8€ET- 99T'T- 808~ 0L~ 0§¢'T- 6vy'T- 99T'T- 150'T- 99T'T- G18™- TEV'T- Lyy'T- ¢SS'T- ey - 989 caniz 'ee
L9€'T- L9€'T- €¢5'T- L9€'T- cr0'T- ov6™- cry'T- ¥e9'T- L9€°T- €9¢'T- L9€°T- Ly0'T- 909°T- ¢e9'T- LTLT- 8EV'C Sov’ - anz '1e
LTC LTT 6YT- L1T LTL 868’ 88¢" 66¢"- L1T 9.€ JAYA GqT™- 66T 87 08¢’ LeS'T- 8€0'T- 8v¢'1- egeAa oc
¢80'T ¢80'T 144 ¢80T 699'T ¥e8'T L8C'T e ¢80T L1121 ¢80'T T99'T L9¢ 8ve [7A0) 8L¢'T- 066" €0¢'T- weAd ‘6T
069 069 vv6'- 069"~ v&T- 900° ¥0S™- ¥OT'T- 069"~ 116 069~ 09T 0v9™- GG9™- 118 S6€°T- viTT- 8TET- TweAQ 81
Geee- Geee- ce0e- Geee- 0S0°¢- 996'T- 0.€¢- §0S°¢- Gee'e- 9€¢’¢- Geee- ¥50°¢- v6v'¢- ¥0S°¢- 98G°¢- 99T'T- 959'T- 9.TT- 61999sA "LT
E€TL'T- ETLT- 16€'T- ETLT- Yoy’ T- CIeT- SLLT- 0v6°T- €TLT- y19°T- €TLT- 607°T- ¥¢6'T- 8€6°T- 6¢0°¢- € 9¢S™- v6¢ 8999sQ 91
G99 G99 L8¢C G99 Ei78 L LY 0sT G99 ¥08° G99 ¥08’ 80¢ 81¢’ 0€8’ G9E'T- S16™ 8¢0'T- 0¢w99sa ST
¥0S°¢- ¥0S°¢- 8v¢e- ¥0S°¢- 99¢'¢- 96T°¢C- €9v'e- §99°¢- ¥0S°¢- 6¢v'e- ¥0S°¢- clee 159°¢- ¥99°¢- €€L'¢- 06S°T- 80T'¢- 68.'T- 6TVv99sa 7T
§65°¢C- §65°¢- 6€€°C- §65°¢C- 16€°¢- 8L¢°¢C- v€9'¢- v§L'¢- §65°¢- L19°¢- §65°¢- 95€°¢- eVl ¢ €5/°¢- Ge8'¢- 8v9'1- 9¢0°¢- 8G9'T- TTw8sa €T
918'T- 918'T- T9V'T- 918'T- 909'T- 1474% G/8°T- LEQ'C- 918'T- LTL°T- 918'T- T19°T- ceo'e- SE0'¢- 9ctr'e- L9T GEL- 0ST 8v39sQ ¢T
v18'1- Y18°T- 6SY'T- v18°T- 0TL'T- 919'T- v.8'T- G€0'¢C- v18°1- STL'T- v18'1- 60S'T- 0co'¢- €e0'¢- Setre- 69T veL- 4515 LVv39sa 'TT
T1LT- TTLT- 6vE'T- TTL'T- T07'T- 60€'T- €LL°T- 8€6'T- TILT- ¢19'T- T1LT- LOV'T- ¢e6'T- 9€6'T- Leo'e- STV G¢S- 96¢ G998 0T
ST6°T- ST6'T- L9S'T- ST6'T- €09'T- 609'T- TL6'T- 6¢T'¢- ST6°T- v18'1- ST6°T- 809'T- 9IT'¢- 8¢cl'e- Teee- 060 6Y6™- ¥0T"- ¢v99sd ‘6
ST6°T- ST6'T- L99'T- ST6'T- €09'T- 609'T- TL6'T- 6¢T'¢- ST6°T- v18'1- ST6°T- 809'T- 9IT'¢- 8¢cT'e- Teee- 060 66" ¥0T"- Tw8sQd '8
9€6'T- 9€6'T- 909'T- 9€6'T- SY9'T- 899'T- 166'T- evTe- 9€6'T- E€V8'T- 9€6'T- 099°T- 8¢cT'¢- [44%~ Leee- 9¢e™- 186" eve™- Svwisg ‘L
ST6°T- ST6'T- L9S'T- ST6'T- €09'T- 609'T- TL6'T- 6¢T'¢- ST6°T- v18'1- ST6°T- 809'T- 9IT'¢- 8¢ctT'e- Teee- 060 6v6™- ¥0T"- yvwisg 9
T18°T- T18'T- SSv'T- T18'T- 66v'T- 90v'T- 0.8'T- ce0'e- T18'T- TTLT- T18°T- S09'T- L10°¢- 0€0'¢c- ccre [73% ceL- SST cvwisg s
ST6'T- S16'T- L9G°T- S16'T- €09'T- 60G'T- TL6'T- 6¢te- ST6'T- v18'T- S16'T- 809'T- 91T'¢- 8¢l'e Teee- 060 6Y6™- 0T~ Tvwisa v
S16'T- S16'T- L9G'T- S16'T- €09'T- 60G'T- 1.6'T- 6¢1'¢- S16'T- v18'T- ST6'T- 809'T- 91T'¢- 8¢l'¢ Teee- 060 6Y6™- 0T~ yviswpa e
6T0°C- 6T0°C- 8L9'T- 610°C- 90L'T- T19'T- ¢Loe Lece 6T0°¢C- 8T6'T- 6T0°C- TIL°T- 9Tc'e- Seee- 6T€'C- 060 ceL ST gvId3wa ¢
ST6'T- S16'T- L9G'T- S16'T- €09'T- 60G'T- 1.6'T- 6¢le- ST6'T- v18'T- ST6'T- 809'T- 9TT'¢- 8¢l'¢- Teee- 060 6Y6™ 0T~ viswat
8¢ LE 9¢ S€ 143 €€ [43 1€ 0€ 6¢ 8¢ Lc 9¢ S¢ e €¢ [44 |14

LST

‘uonenunuod ‘2 a|qel Atejusws|ddng



158

gypsy micropia

rrel mul tub cam dav gab ind  afr rrel rul tub carm dav gab o oafr ind

Supplementary Figure 1. Insertion numbers of gypsy and micropia retrotransposons in
Zaprionus species. The insertion numbers were indicated in the bottom of the figure. Southern
blot analyses were performed using 5 pug of genomic DNA double digested with BamHI and Mlul
restriction endonucleases and the random primer [o-P32]dCTP labelled probes derivate from the
fragments of env and RNAseH of Z. indianus. The nylon membranes were hybridized at 65 °C and
washed twice with 2X SSC and 0.1% SDS and once with 0.2X SSC and 0,1% SDS for 20 minutes
at the hybridization temperature. mel: D. melanogaster, mul: Z. multistriatus, tub: Z. tuberculatus,
cam: Z. camerounensis, dav: Z. davidi, gab: Z. gabonicus, afr: Z. africanus, ind: Z. indianus.
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7 DISCUSSAO GERAL

Os elementos de transposi¢édo tém contribuido para a evolugéo dos eucariotos por meio
da sua atividade nos genomas onde estdo inseridos, pela promocdo de recombinacGes
cromossémicas e por sua contribuicdo com a homeostase celular, tanto por fornecerem
sequéncias codificantes e regulatérias (GOTEA; MAKALOWSKI, 2006; ALMEIDA et al.,
2008; LOPES et al., 2008; FESCHOTTE et al., 2008), quanto por participarem da
manutencdo estrutural dos genomas, devido a sua funcdo telomérica (VILLASANTE et al.,
2008), contribuirem com a formacdo da heterocromatina (KAVI et al., 2008) e exercerem um
papel na inativagdo do cromossomo X, em humanos (LYON et al., 2008; SLOTKIN;
MARTIENSSEN, 2007), dentre outros papéis igualmente relevantes.

Além de contribuirem com a evolucdo dos genomas hospedeiros, os elementos de
transposicao também estdo submetidos a processos evolutivos, como rearranjos mediados pela
inser¢do de outros TEs (BERGMAN et al., 2006), mutacdes pontuais, delecdes e insercdes,
gerando diversificacdo nucleotidica (JORDAN; MCDONALD, et al. 1998a, b) e deterioracéo
de sequéncias (PETROV; HARTL, 1998; REBOLLO et al., 2008). As forcas que moldam a
diversificacdo dos TEs podem ser estocasticas, como também, seletivas (HICKEY, 1982;
BROOKFIELD, 1982; LE ROUZIC; CAPY, 2005; LE ROUZIC et al., 2007). Todos esses
processos estdo relacionados ao seu ciclo de vida nos genomas hospedeiros (PINSKER et al.,
2001; ALMEIDA; CARARETO, 2005).

Resumidamente, os elementos de transposicdo sdo originados nos genomas
hospedeiros por meio de recombinagdes de sequéncias pré-existentes (origem de novo) ou
pela sua transferéncia a partir de uma espécie doadora, por introgressdo ou mesmo com
auxilio de vetores. ApoGs sua origem, essas sequéncias podem se espalhar por transmissao
vertical e se propagarem por meio da producdo de novas insergdes, aumentando sua
representatividade nos genomas. Nesta fase, ocorre o desenvolvimento de estratégias que
possibilitam a coevolucdo TE — hospedeiro e, a duracao desse periodo depende diretamente da
habilidade dos TEs de “escaparem” dos mecanismos de regulagdo da transposicao.
Finalmente, inicia a fase de senescéncia, caracterizada pela reducdo da mobilidade devido ao
aumento do numero de insercdes defectivas, como pelo estabelecimento de mecanismos
regulatérios e epigenéticos dos hospedeiros. Essa Ultima fase pode durar milhdes de anos e
culminar com a degradacdo da sequéncia do TE, seguida pela eliminacdo por eventos

randémicos.



161

Os resultados apresentados neste trabalho indicam a presenca de elementos de
transposicao jovens nos genomas das espécies do género Zaprionus. A recente origem desses
elementos foi inferida em face da conservacdo das sequéncias nucleotidicas entre as espécies
do género, bem como, em relagdo aos elementos do subgrupo melanogaster, pela capacidade
de producédo de transcritos e 0 baixo nimero de inser¢Ges. No primeiro capitulo desta Tese
foram apresentados os resultados de uma busca por elementos de transposi¢do em Z. indianus,
bem como em Drosophila malerkotliana, espécies de drosofilideos que invadiram
recentemente o territorio brasileiro (VAL; SENE, 1980; VILELA, 1999). Este trabalho
constituiu uma abordagem inicial para servir como guia em estudos posteriores, como aqueles
apresentados nos demais capitulos da Tese. Dentre os TEs analisados em Z. indianus, apenas
0 retrotransposon gypsy havia sido previamente identificado (HEREDIA et al., 2004), sendo
que a identificacdo dos retrotransposons copia, 412, 297, roo/B104, mdg-1 e micropia, dos
retroposons doc e jockey e, do transposon Bari-1 constitui dados inéditos. Quanto a analise de
D. malerkotliana, a presenca dos retroelementos copia e 412 corroboraram estudos anteriores
(CIZERON et al., 1998), mas a ocorréncia dos retrotransposons 297, roo/B104, mdg-1, gypsy
e micropia, dos retroposons doc e jockey e, do transposon Bari-1 corresponde ao primeiro
relato da presenca desses TES na espécie.

Dentre os TEs identificados em Z. indianus, 0s retrotransposons copia, gypsy e
micropia foram selecionados para analises mais detalhadas com outras espécies pertencentes
ao género Zaprionus, devido a facilidade de amplificacdo de suas sequéncias com 0s
oligonucleotideos iniciadores disponiveis na literatura. Dessa forma, foram isoladas
sequéncias que posteriormente foram analisadas quanto a sua diversidade e atividade
transcricional. Durante o estudo do retrotransposon copia no género Zaprionus, nds nos
deparamos com uma significativa quantidade de informacgdes relacionadas a distribuicg&o,
dindmica de mobilizacdo e evolucdo desse retrotransposon nas espécies de Drosophila, mais
especificamente em D. melanogaster, que ainda ndo haviam sido compilados. Assim,
consideramos util reuni-los em um artigo de revisao, que foi apresentado no Capitulo 2.

O retrotransposon copia foi um dos primeiros elementos de transposic¢ao estudados em
D. melanogaster (FINNEGAN et al., 1978). Sua recorrente analise em diversos estudos
posteriores foi estimulada principalmente pela observacdo de que ele causava mutagdes
observaveis em nivel fenotipico (O’HARE et al., 1984; LEVIS et al., 1984). Atualmente sabe-
se que copia é regulado por mecanismos multifatoriais, intrinsecos de suas seqtiéncias, como
ndmero de insercdes, conservagdo de seqiiéncias codificantes e diferenciagdo de sitios

regulatérios mais eficazes (JORDAN et al., 1998a, b) e expresséo tecido e idade-especifica
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(NUZHDIN et al.,, 1996; PASYUKOVA et al., 1997), bem como, por mecanismos
dependentes do hospedeiro, dentre eles a utilizacdo de homeoproteinas para a regulacdo da
transcricdo (CAVAREC; HEIDMANN, 1993; BHADRA et al., 1999; CAVAREC et al.,
1994; TULIN et al., 2002) e as vias de RNA de interferéncia, que promovem um equilibrio na
quantidade de transcritos produzidos (STAPLETON et al.,, 2001; ARAVIN et al., 2003;
KALMYKOVA et al., 2005; VAGIN et al., 2006; KAWAMURA et al., 2008). Uma dinamica
de transposicdo regulada por fatores do TE e do hospedeiro pode indicar uma relagdo de
competicdo ou mesmo de co-evolugcdo (LE ROUZIC et al., 2007), que consistiria da
diversificacdo de mecanismos de regulacdo por parte do hospedeiro e, consequiente
diferenciacdo de insercbes com transposi¢cdo mais eficaz por parte do TE. Parece que copia
esta na dianteira nessa corrida, desde que ainda se mantém ativo e capaz de produzir novas
inser¢bes em linhagens de D. melanogaster (NUZHDIN et al., 1996; PASYUKOVA et al.,
1997).

Outro aspecto que foi discutido na revisdo sobre o retrotransposon copia foi sua idade
na familia Drosophilidae. De acordo com os dados disponiveis, copia deveria estar presente
no ancestral dessa familia devido a sua ampla distribuicio (MARTIN et al., 1983; DE
FRUTOS et al., 1992; FRANCINO et al., 1993; JORDAN; MCDONALD, 1998a; JORDAN
et al., 1999; ALMEIDA; CARARETO, 2006; CASTRO et al., 2006). Adicionalmente, sua
auséncia em determinados grupos de espécies, como por exemplo, nos géneros Idyomia e
Chymomyza (MARTIN et al., 1983), poderia ser um reflexo de sua perda nos ancestrais
dessas espécies. Processos como a aquisi¢ao ou perda de proteinas regulatérias do hospedeiro,
altas taxas de mutacdo ou ainda, eventos randémicos acontecendo individual ou
simultaneamente, poderiam ter promovido a eliminacdo de copia. Até o momento foi
identificado apenas um fator que poderia limitar a manutengdo de copia candnico nos
genomas hospedeiros, a existéncia de uma proteina identificada em D. hydei que tem a
capacidade de amplificar extremamente seus niveis de expressao, o que poderia levar a efeitos
deletérios devido a producdo descontrolada de novas inser¢fes (CAVAREC et al., 1994).
Assim, a revisdo propfe que estudos evolutivos sobre copia ainda devam ser realizados,
focando tanto os mecanismos que promovem sua distribuicdo e diferenciagdo em
Drosophilidae, como ampliando o espectro de espécies estudadas.

O terceiro artigo apresentado nesta Tese consistiu de um estudo sobre a identificagéo,
atividade transcricional, caracterizacdo da regido regulatéria e analise filogenética do
retrotransposon copia em sete espécies do género Zaprionus. O retrotransposon copia foi

identificado em todas as espécies analisadas por meio do sequenciamento de duas regides
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diferenciadas, a regido 5’ LTR-ULR, de cerca de 400 pb, que abriga os motivos regulatérios
promotores da transcri¢do e da traducdo, e um fragmento do gene da transcriptase reversa de
cerca de 250 pb. Adicionalmente, a analise do perfil transcricional do gene da transcriptase
reversa permitiu sugerir que copia é transcricionalmente ativo em todas as espécies estudadas.

Além da identificagdo de copia em Zaprionus, o sequenciamento da regido 5’ LTR-
ULR permitiu a caracterizacdo dos motivos regulatorios e a classificagdo dos retrotransposons
copia do género Zaprionus como uma nova subfamilia, denominada GBFDouble-gap.
Basicamente, essa regido é estruturalmente similar a regido homologa da subfamilia copia
mais antiga do grupo melanogaster, Double-gap. Além disso, foi possivel identificar um novo
fator de ligacdo de proteinas regulatérias (GBF-1) que se apresenta como cOpia Unica nas
espécies Z. tuberculatus e Zaprionus camerounensis, mas esta duplicado nas espécies do
complexo indianus (Z. africanus, Z. gabonicus e Z. indianus). A duplicacdo de sitios de
ligacdo de proteinas regulatorias é um fendmeno que ja havia sido observado para o
retrotransposon copia do subgrupo melanogaster, devido a duplicacdo de duas seqiiéncias que
juntas, se assemelham ao centro da regido intensificadora da transcricdo do virus SV40
(MATYUNINA et al., 1996). Essa duplicacdo é uma caracteristica derivada da subfamilia
copia Full-length do subgrupo melanogaster e propicia um aumento da capacidade
transcricional, em detrimento das outras duas subfamilias mais antigas.

As andlises evolutivas com as seqiiéncias copia do género Zaprionus produziram
resultados inéditos. Até o presente estudo havia sido disponibilizada apenas uma sequéncia
copia do género Zaprionus, com cerca de 400 pb da regido 5 LTR-ULR de Z. tuberculatus,
que pertencia a uma das subfamilias do subgrupo melanogaster, ULR-gap (MCDONALD et
al., 1997). Essa sequéncia havia sido utilizada na proposicao de um evento de transferéncia
horizontal entre Z. tuberculatus e uma espécie desconhecida do subgrupo melanogaster ou D.
willistoni (ALMEIDA; CARARETO, 2006). Nossas andlises ndo permitiram identificar
qualquer elemento similar ao publicado anteriormente, desde que todas as sequéncias
produzidas neste estudo sdo pertencentes a subfamilia GBFDouble-gap. Todavia, como
Jordan e McDonald (1998b) ndo descrevem a linhagem analisada em seu estudo, foi
impossivel replicar biologicamente aquela analise.

A busca por sequéncias homologas ao retrotransposon copia do género Zaprionus na base de
dados dos 12 genomas de Drosophila resultou em “matches” apenas para as especies do
subgrupo melanogaster. Além dos dados gendmicos, as sequéncias do grupo repleta
depositadas no GenBank por Almeida e Carareto (2006) também foram incluidas nas anélises

filogenéticas e de distancia nucleotidica. Os resultados obtidos permitiram sugerir que 0s
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elementos de Zaprionus sdo mais relacionados as espécies do subgrupo melanogaster, do que
as espécies do grupo repleta. Esse resultado, aliado as analises de restri¢des seletivas, a
comparagdo de sitios neutros do retrotransposon com um gene do hospedeiro (Gpdh), os
calculos de tempo de divergéncia entre os elementos e os dados de que as espécies do género
Zaprionus sdo mais relacionadas as do subgénero Drosophila (grupo repleta) do que as do
subgénero Sophophora (subgrupo melanogaster) (PELANDAKIS; SOLIGNAC, 1993;
THOMAS; HUNT, 1993; KWIATOWSKI et al. 1994; REMSEN; DE SALLE, 1998; RUSSO
et al., 1995; TATARENKOV et al. 1999; KWIATOWSKI; AYALA, 1999; ROBE et al.,
2005; DA LAGE et al., 2007; YASSIN et al., 2008a) possibilitaram propor a ocorréncia de
um evento de transferéncia horizontal a partir de um ancestral do género Zaprionus para 0
ancestral das espécies D. melanogaster, D. simulans, D. sechellia e D. yakuba, ha cerca de
oito milhdes de anos.

O ultimo capitulo apresentado nesta Tese corresponde a um estudo comparativo da
distribuicdo, atividade transcricional e relacdes filogenéticas dos retrotransposons gypsy e
micropia em sete espécies do género Zaprionus. Gypsy e micropia se apresentaram
amplamente distribuidos e transcricionalmente ativos nas seis espécies do subgénero
Zaprionus e ausentes na Unica espécie do subgénero Anaprionus estudada, Z. multistriatus. As
analises das sequiéncias do gene envelope de gypsy e da RNAseH de micropia permitiram
estabelecer as relacdes filogenéticas entre essas sequiéncias e as do subgrupo melanogaster,
Unico grupo de espécies que apresentaram seqiéncias altamente relacionadas para ambos
retrotransposons, dentre as 12 espécies de Drosophila com o genoma seqlienciado. A alta
similaridade das sequéncias dos dois retrotransposons entre as espécies do subgénero
Zaprionus e subgrupo melanogaster, aliada as diversas incongruéncias obtidas durante as
reconstrucdes filogenéticas, indicaram a necessidade de anélises complementares como testes
de selecdo e reconstrucdo filogenética por Network para formular uma hipotese de
transmisséo entre as espécies.

A analise do retrotransposon gypsy confirmou a proposicdo de que duas subfamilias
estdo distribuidas entre as espécies do subgrupo melanogaster (HEREDIA et al., 2004;
LUDWIG et al., 2008). Além disso, permitiu incluir os elementos do subgénero Zaprionus
nessas duas subfamilias e propor que a Subfamilia 2 pode ser subdividida em duas variantes
(V1 e V2). As sequéncias de Z. tuberculatus foram colocadas nas Subfamilia 1 e Subfamilia
2, V1, todas as sequiéncias de Z. camerounensis pertencem a V1; os elementos de Zaprionus
davidi correspondem as duas variantes da Subfamilia 2, e; todas as seqliéncias do complexo

indianus foram classificadas como constituintes da Subfamilia 2 — V2. Juntamente com as



165

reconstrugdes filogenéticas, as demais analises evolutivas permitiram corroborar trés eventos
de transferéncia horizontal propostos por Ludwig et al. (2008) e inferir mais seis eventos para
explicar a atual distribuicdo de gypsy no subgénero Zaprionus e no subgrupo melanogaster.
Além disso, a proposicéo da transferéncia entre Z. indianus e D. simulans (HEREDIA et al.,
2004) p6de ser reformulada, abrangendo o ancestral das espécies do complexo indianus e o
ancestral das espécies D. melanogaster, D. simulans e D. sechellia, reafirmando a proposta de
Loreto et al. (2008), sobre a importancia da analise de um maior nimero possivel de espécies
para a validacéo de transferéncias horizontais.

Os resultados das analises filogenéticas e de distancia referentes ao retrotransposon
micropia demonstraram que todas as seqiéncias do subgénero Zaprionus e subgrupo
melanogaster pertencem a uma mesma subfamilia, diferente daquela na qual estéo
classificados os elementos do grupo repleta. As analises evolutivas, dentre elas, a
reconstrucdo filogenética por Network, permitiram sugerir a ocorréncia de oito eventos de
transferéncia horizontal, entre um doador desconhecido, as espécies do subgénero Zaprionus e
as do subgrupo melanogaster. A estimativa dos tempos de divergéncia das seqliéncias gypsy e
micropia demonstraram que esses retrotransposons cruzaram a barreira das especies em um
periodo entre 500 mil e sete milhdes de anos, que pode ter sido caracterizado por ondas de
invasdo de TEs. No caso de gypsy, esses eventos devem ter ocorrido principalmente no
sentido subgrupo melanogaster para género Zaprionus e, no caso do micropia, principalmente
de um doador desconhecido para as espécies do subgrupo melanogaster e do género
Zaprionus, mas também do subgrupo melanogaster para o género Zaprionus e entre espécies
do género Zaprionus.

Nos ultimos anos, varios trabalhos tém sido publicados demonstrando a ocorréncia de
transferéncia horizontal em invertebrados (LORETO et al., 2008), em vertebrados (PACE et
al., 2008) e até em plantas (ROULIN et al., 2008; CHENG et al., 2009), organismos em que
até pouco tempo, a ocorréncia de transferéncia horizontal ndo tinha sido demonstrada. Loreto
et al. (2008) discutiram os requisitos necessarios para a inferéncia de eventos de transferéncia
horizontal. Para que duas espécies possam trocar seqiiéncias de DNA, no minimo, elas tém
que compartilhar a mesma distribuicdo geogréfica, temporal e ecoldgica. Além disso, é
necessario que as hipoteses alternativas, como por exemplo, polimorfismo ancestral e altas
taxas de conservacgdo propiciadas por selecdo purificadora, sejam descartadas, ou pelo menos
constituam alternativas menos parcimoniosas. Outro fator que poderia confundir uma analise
de distancia seria a proposicéo de transferéncia horizontal usando como base de comparagéo

sequéncias de diferentes familias de TEs, o que levaria a uma superestimativa das distancias
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entre elementos da mesma familia. Finalmente, esses autores ressaltam que o numero de
espécies amostrado € muito importante, pois algumas inferéncias robustas podem ser
refutadas com o aumento do numero de espécies analisadas.

Os eventos de transferéncia horizontal propostos nesta Tese s0 foram assumidos
quando mais de uma anéalise corroborava sua proposicdo. As espécies do género Zaprionus e
do subgrupo melanogaster se originaram na regido biogeografica Oriental e se diversificaram
na regido Afrotropical na mesma época (LACHAISE et al., 2004; YASSIN et al., 2008a).
Adicionalmente, embora apenas sete das 55 espécies do género Zaprionus tenham sido
estudadas, elas representam seus dois subgéneros e os dois grupos de espécies do subgénero
Zaprionus; além disso, das nove espécies do subgrupo melanogaster, cinco tiveram seus
genomas sequienciados, 0 que torna nossa amostragem ao menos razoavel.

Levando em consideragcdo 0s requisitos minimos para a proposi¢do de transferéncia
horizontal, nossos resultados permitiram inferir de 18 eventos. A hipGtese alternativa de
polimorfismo ancestral foi considerada menos provavel nesses casos devido a demonstracdo
de que os sitios sindnimos dos TEs, aparentemente neutros, sao mais conservados dos que 0s
mesmos em genes hospedeiros, fundamentais para o metabolismo, e consequentemente
submetidos a altas restricdes seletivas. Por sua vez, a auséncia de forte selecdo purificadora
nos TEs foi demonstrada pela analise da variabilidade nos sitios sinbnimos e nao-sindnimos.
No entanto, a ocorréncia de algum tipo de pressdo seletiva que estivesse conservando as
seqliéncias dos TEs como um todo, incluindo os sitios sinénimos, aparentemente neutros,
poderia justificar a alta conservagédo dessas sequéncias.

Diversos estudos tém demonstrado a importancia dos elementos de transposi¢éo para a
regulacao do genoma hospedeiro (FESCHOTTE et al., 2008), para a conservacao estrutural da
heterocromatina (KAVI et al., 2008), dos telomeros (VILLASANTE et al., 2008) e mesmo
para sua auto-regulacdo, como demonstrado para os locos de piRNAs, formados por blocos de
TEs defectivos, presentes na heterocromatina de D. melanogaster, que funcionam como
molde para a producdo de RNAs pequenos, mediando a inativacdo dos elementos
transponiveis completos localizados na eucromatina (BRENNECK et al., 2007). Existem dois
estudos que descrevem a ocorréncia de selecdo purificadora mantendo sequéncias de TEs em
eucariotos. No primeiro, a analise de sequiéncias ortdlogas de homem e camundongo sugeriu
que fragmentos dos elementos MIR e L2 foram submetidos a altas taxas de selecdo
purificadora, provavelmente devido & aquisicdo de fungdes regulatorias nos genomas
hospedeiros (SILVA et al., 2003). No segundo, foi demonstrado que cerca de 10 mil

fragmentos de TEs ndo-ex6nicos estdo sofrendo selecdo purificadora no genoma hospedeiro.
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Desde que essas seqliéncias estdo localizadas em desertos génicos proximos e apresentam
uma preferéncia por regides proximas a genes de adesdo celular, regulacéo da transcri¢do ou
desenvolvimento, os autores propdem que elas podem estar desempenhando um papel na
especializacao dessas vias durante a evolucao dos mamiferos (LOWE et al., 2007).

Todos os exemplos apresentados confirmam a capacidade do genoma hospedeiro em
sequestrar os elementos de transposicdo levando ao desempenho de fungdes especificas, no
entanto, em grande parte destes exemplos, a domesticacdo acontece com ndo-autbnomas
(BRENNECK et al., 2007), elementos transponiveis especificos, como TEs teloméricos HeT-
A e TART de Drosophila (CASACUBERTA; PARDUE, 2005) ou em cassetes de TEs
(GOTEA; MAKALOWSKI, 2006; LOPES et al., 2008; ALMEIDA et al., 2008). Diferente do
exemplo apresentado para os fragmentos de TEs em mamiferos, os retrotransposons HeT-A e
TART evoluem a taxas mais aceleradas do que 0s genes eucromaticos de D. melanogaster, D.
yakuba e D. virilis (CASACUBERTA; PARDUE, 2005). Adicionalmente, ainda ndo existem
quaisquer evidéncias de gue os retrotransposons copia, gypsy e micropia do género Zaprionus
e do subgrupo melanogaster estejam relacionados a eventos de domesticacdo. Além disso, se
esses elementos participassem de algum mecanismo evolutivamente fixado, seria esperado
gue ocorresse sua conservacao em outros grupos da familia Drosophilidae, no entanto, sua
conservacdo é aparentemente pontual, demonstrada por sua variabilidade nas espécies do
grupo repleta (copia e micropia), em D. willistoni (gypsy) e por sua auséncia nos demais
genomas de Drosophila sequenciados.

Dessa forma, elegemos a hipdtese de transferéncia horizontal como a mais
parcimoniosa para explicar os resultados relatados nesta Tese. A pesquisa cientifica se
caracteriza pela formulacdo de hipdteses e posterior experimentacdo para refutacdo ou
corroboragdo das propostas inicialmente formuladas. Como acreditamos que a evolugéo dos
elementos de transposicdo seja um tema proficuo, que continuard a ser amplamente
investigado, a idealizacdo de novas estratégias de pesquisa e o crescimento do corpo de dados
poderdo revelar se as hipdteses aqui sugeridas realmente refletem a historia da diversificacao

dos retrotransposons copia, micropia e gypsy nos genomas das espécies analisadas.
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8 CONCLUSOES

O presente trabalho permitiu estabelecer as seguintes conclusoes:

1. Os genomas de Z. indianus e D. malerkotliana contém os dez TEs caracteristicos de
D. melanogaster investigados por meio da técnica de Dot blot (copia, 412, 297,
roo/B104, mdg-1, gypsy, micropia, doc, jockey e Bari-1);

2. Foi identificada uma nova subfamilia do retrotransposon copia, GBFDouble-gap, que
estd transcricionalmente ativa e amplamente distribuida em sete espécies do género
Zaprionus e deve pertencer a familia dos elementos do subgrupo melanogaster;

3. O mecanismo de duplicacdo de motivos de ligacdo de proteinas regulatdrias tem
repetidamente acontecido durante a evolucgdo da regido regulatoria (5° LTR-ULR) do
retrotransposon copia. Esse mecanismo ja havia sido evidenciado nos elementos do
subgrupo melanogaster de Drosophila e foi novamente verificado durante o estudo
das sequiéncias do complexo indianus do género Zaprionus;

4. De acordo com as analises evolutivas, dois eventos de transferéncia horizontal podem
ter moldado a evolucdo do retrotransposon copia entre as espécies do subgénero
Zaprionus e do subgrupo melanogaster;

5. Os retrotransposons gypsy e micropia podem ser componentes recentes dos genomas
das espécies do subgénero Zaprionus, devido a sua atividade transcricional, o baixo
namero de insercdes e as relagcdes evolutivas proximas com as espécies do subgrupo
melanogaster;

6. Durante os ultimos sete milhdes de anos, ondas de transferéncia horizontal envolvendo
as espécies do subgénero Zaprionus, do subgrupo melanogaster e provavelmente,
doadores desconhecidos, podem ter feito com que 0s retrotransposons gypsy e
micropia cruzassem a barreira das espécies aos quais estavam confinados;

7. A reconstrucéo filogenética por meio da analise de Network constitui um bom método
alternativo para o estudo das relagfes de transmissdo de elementos de transposicéo
altamente similares em sua seqliéncia nucleotidica;

8. As espécies do género Zaprionus propiciam uma rica fonte de informacgdes sobre 0s

processos evolutivos aos quais os elementos de transposicao estdo submetidos.
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