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RESUMO

DNAs satélites (DNAsat) sdo sequéncias usualmente repetidas centenas a milhares de vezes
arranjadas consecutivamente uma a outra, enriquecidas geralmente na heterocromatina em
regides especificas ou cromossomos, tais como os cromossomos B. Neste trabalho, isolamos
o primeiro DNAsat no gafanhoto Abracris flavolineata, nomeado AflaSAT-1. A sequéncia foi
caracterizada integrando abordagem molecular, gendmica e citogenética objetivando
compreender a organizacdo estrutural, evolu¢do nos cromossomos A e B e possivel atividade
transcricional. O AflaSAT-1 ¢ compartilhado entre espécies de gafanhotos, mas revelou uma
evidente amplificacio em A. flavolineata formando arranjos detectdveis. A sequéncia
apresentou baixa variabilidade em nivel interpopulacional; no entanto mondémeros do
cromossomo B (uB-DNA) da populagdo de Rio Claro/SP exibiram maior variabilidade e
quatro mutagdes exclusivas, refletindo a comum taxa mutacional mais elevada dos
cromossomos B. A analise genomica estrutural revelou organizagdes distintas para o DNAsat,
apresentando uma associagdo alternativa com outro DNAsat, nomeado AflaSAT-2. A andlise
cromossomica revelou que ambos os DNAsat estdo interligados um ao outro formando
grandes blocos nos centromeros de quase todos os cromossomos (exceto para o menor par), €
para o cromossomo B apenas um pequeno sinal centromérico foi notado em individuos da
populacdo de Rio Claro/SP. Nas distintas populacdes a distribuicdo cromossomica do
AflaSAT-1 revelou variabilidade, como auséncia de algumas marcas, blocos adicionais e
também heteromorfismo, a qual se correlacionou com a estimativa de nimero de codpias,
sugerindo uma dinamica de expansdo ou eliminacdo de repeti¢cdes. Finalmente, a constitutiva
atividade transcricional de AflaSAT-1 foi observada nos distintos tecidos de adultos, e em
distintas fases de desenvolvimento, tanto em individuos portadores e ndo portadores de

cromossomo B.

Palavras chave: cromossomo B, DNA repetitivo, organizagdo gendmica, repeticio em

tandem, transcrigao



ABSTRACT

Satellite DNAs (satDNA) are sequences usually repeated hundred to thousand times tandemly
arrayed, enriched in heterochromatin from specific region or chromosomes, including B
chromosomes. Here, we isolated the first satDNA in the grasshopper Abracris flavolineata,
named AflaSAT-1. The sequence was characterized by integration of cytogenetic, molecular
and genomics approaches, aiming to understand the structural organization, evolution in A
and B chromosomes and possible transcriptional activity. The AflaSAT-1 is shared with other
grasshopper species, but it was evidently amplified in A. flavolineata forming detectable
clustered arrays. AflaSAT-1 presented low variability at interpopulational level; but
monomers from B chromosome observed in individuals from Rio Claro/SP were more
variable presenting four exclusive mutations, reflecting the common higher mutational rate in
this chromosome. Genomic structural analysis revealed distinct organization for the satDNA,
with its alternative association with other satDNA, named AflaSAT-2. The chromosomal
analysis showed that both satDNAs were also interglimed to each other, forming large blocks
in centromeres of almost all chromosomes (except the smallest pair), but in the B
chromosome only a small centromeric signal was noticed in individuals from Rio Claro/SP.
Chromosomal distribution for AflaSAT-1 revealed variability, at populational level, with
absence of marks, additional clusters and heteromorphism. This variation was coincidentally
followed by variability in copy number, suggesting dynamic expansion or elimination of
repeats. Finally, AflaSAT-1 was constitutively transcriptionally active in five tissues of

adults, in distinct life cycle phases, and both in carrier and non-B chromosome carriers.

Key-words: B chromosome, repetitive DNA, genome organization, tandem repeat,

transcription
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1. INTRODUCAO
1.1. DNAs satélites: caracteristicas gerais

O genoma nuclear dos eucariotos estd organizado basicamente em sequéncias de copia
simples e DNAs repetitivos, para os quais analises estruturais e funcionais continuam sendo
um foco bastante abordado (BISCOTTI et al. 2015a; b; LOPEZ-FLORES e GARRIDO-
RAMOS 2012). Os DNAs repetitivos representam familias de diferentes classes, com variavel
grau de repeticdo que estdo organizadas em tandem ou dispersas pelo genoma. Dentre os
elementos repetitivos em tandem estdo incluidos basicamente as familias multigénicas, os
DNAs satélites (DNAsat, minissatélites e microssatélites) e os elementos de transposi¢ao
(transposons e retrotransposons), que podem também ser dispersos (CHARLESWORTH et al.
1994; LOPEZ-FLORES ¢ GARRIDO-RAMOS 2012). Dentre todas as classes de DNAs
repetitivos, os DNAsat tém despertado atencdo em pesquisas relacionadas a evolugdo
gendmica, a0 mapeamento e diferenciacdo cromossomica e a funcionalidade em diferentes
grupos de eucariontes em especial ap6s a maior disponibilidade de técnicas de gendmica
(CAZAUX et al. 2013; GARCIA et al. 2015; HEITKAM et al. 2015; KOPECNA et al. 2014;
KUHN 2015; MACAS et al. 2010; NERGADZE et al. 2014; PALOMEQUE e LORITE 2008;
PEZER et al. 2011; RUIZ-RUANO et al. 2016; VITTORAZZI et al. 2014).

Os DNAsat sdo sequéncias altamente repetitivas com ampla variabilidade estrutural e
quantidade de repeti¢des nos genomas dos eucariotos, representando quase 50% dos genomas
de alguns insetos e roedores, chegando a mais de 20% do genoma nuclear de plantas e menos
de 5% em humanos (LOPEZ-FLORES e GARRIDO-RAMOS 2012). As familias de DNAsat
estdo predominantemente acumuladas em regides centroméricas e teloméricas dos
cromossomos, podendo variar entre poucas até milhares de copias, apresentando tamanhos de
5 pb até mais de 1.000 pb (CHARLESWORTH et al. 1994; RUIZ-RUANO et al. 2016).
Muitos estudos tém demonstrado que os DNAsat além de serem necessarios para organizagao
cromossOmica, também desempenham um papel no pareamento e segregacdo. Além disso,
alguns DNAsat que apresentam atividade transcricional podem participar na regulagdo e
formag¢do da heterocromatina, como também na modulagdo de expressdo génica
(BRAJKOVIC et al. 2012; CAMACHO et al. 2015; FELICIELLO et al. 2015; KUHN 2015;
PEZER et al. 2011; PLOHL et al. 2008; TOPP et al. 2004; TSOUMANI et al. 2013;
UGARKOVIC 2005).

Familias de DNAsat sio muito abundantes em determinados genomas e a sua
composi¢do e o numero de familias ndo relacionadas podem variar muito, sendo isto resultado

de mecanismos de mutagdo seguido de evolugdo em concerto (CHARLESWORTH et al.



1994; PALOMEQUE e LORITE 2008; PLOHL et al. 2008; UGARKOVIC e PLOHL 2002)
que conduzem ao surgimento e fixacdo de sequéncias de DNAsat espécie especificas. Por
outro lado, algumas sequéncias de DNAsat podem ser conservadas em distintos niveis, tais
como populacionalmente ou em espécies filogeneticamente distantes. Como exemplo desta
conservagdo, estudos populacionais com Drosophila comprovaram altos niveis de
homogeneidade entre sequéncias intraespecificas (KUHN et al. 2003; KUHN e SENE 2005) e
diversas sequencias de DNAsat confirmaram ser altamente conservada dentre alguns grupos
de vertebrados (CAZAUX et al. 2013; KOPECNA et al. 2014; PACO et al. 2015;
VITTORAZZI et al. 2014).

Segundo Dover (1986), os DNAs satélites representam uma por¢do do genoma
eucarioto que se modifica por processos estocasticos direcionados pelas interagdes
moleculares providas pelos mecanismos de recombinagdo que proporcionam altas taxas de
mutagdes. No entanto, outros estudos indicam que a evolugdo das sequéncias de DNAsat sdao
influenciadas por pressdes seletivas devido a suas interagcdes com proteinas especificas
necessarias para formagdo da heterocromatina e controle de expressdo génica atuando como
RNA de interferéncia (HALL et al. 2003; MRAVINAC et al. 2005).

Um dos modelos evolutivos de DNAsat mais aceito ¢ o modelo de “biblioteca de
DNA satélites” em que os DNAsat sdo estocados preferencialmente na regido centromérica.
Neste modelo, espécies de plantas e animais filogeneticamente relacionadas compartilham
familias de DNAsat, que sdo amplificadas de forma diferencial ao longo da diversidicagdo das
linhagens (BRUVO-MADARIC et al. 2007; CESARI et al. 2003; FRY ¢ SALSER 1977; LIN
et al. 2006; KAWABE e CHARLESWORTH 2007; MESTROVIC et al. 2006;
UGARKOVIC et al 2008; VERSHININ et al. 1996). O modo de evolugio ¢ a alta taxa de
conservagdo de alguns DNAsat, além da sua expressdo tecido-especifica em vdrias espécies,
fortalecem também a hipotese de que esses elementos de DNA podem ter um papel
regulatério na modulacdo da cromatina e controle de expressdo génica em organismos
eucariéticos (UGARKOVIC 2005). A exemplo disso, em Bactrocera oleae, popularmente
conhecida como mosca-da-azeitona, foi confirmada a transcrigdo de um DNAsat
centromérico em ambos os sexos (TSOUMANI et al. 2013). Um outro estudo realizado com
ratos relata que DNAsat pericentroméricos passam por um pico transiente de expressao
precisamente no momento da formagdo cromocentro, mostrando evidéncias de que essas
sequéncias podem apresentar um nivel de expressdo diferencial em distintos estagios do
desenvolvimento do individuo (PROBST et al. 2010). No besouro Tribolium castaneum um

unico DNAsat representa 35% do genoma e se apresenta transcricionalmente ativo e



provavelmente com fungdes de modulacdo da expressdo génica junto com a eucromatina
(BRAJKOVIC et al. 2012). Além disso, outros transcritos de DNAsat demonstram evidéncias
de suas atividades relacionadas com o funcionamento de centrdmeros e heterocromatina em

insetos (PEZER et al. 2011; UGARKOVIC 2009).

1.2. DNASs repetitivos e sua relacio com cromossomos B em gafanhotos

Os cromossomos B ou supernumerdrios foram os primeiros elementos egoistas
descritos (WILSON 1907) e definidos por Jones e Rees (1982) como cromossomos ndo
homoélogos aos cromossomos do complemento A, por ndo apresentarem capacidade de
recombinagdo com 0s mesmos.

Esses elementos presentes em alguns individuos de algumas populacdes de diversas
espécies de eucariotos foram definidos como elementos dispensdveis por sua presenca, na
maioria dos casos, ndo conferir nenhuma vantagem aos seus hospedeiros e o desenvolvimento
dos individuos ocorrem normalmente na auséncia de cromossomos B (CAMACHO et al.
2000). No entanto, para algumas espécies ja foi registrada influéncia direta da presenca de
cromossomos B, como no caso de Allium schoenoprasum em que as plantas com
cromossomos B sobrevivem mais do que as plantas sem B em ambiente natural. Sobretudo
para esta espécie de alho, o modelo de evolu¢do de cromossomos B mais compativel ¢ o
modelo heterdtico que propde um equilibrio de acordo com o numero de cromossomos B
presentes que confere efeitos positivos (sem acumulagdo) e negativos (quando em alto
nimero) (HOLMES e BOUGOURD 1989). Diferentemente, o modelo parasitico, ou egoista,
ocorre na maioria dos casos estudados (CAMACHO et al. 2000) e tem como preceito o
balango entre os resultados da acdo de sua acumulagdo e efeitos negativos ou positivos nos
seus hospedeiros (JONES 1985; SHAW e HWITT 1990).

A origem dos cromossomos B ¢ atribuida aos cromossomos do complemento A,
podendo surgir do proprio genoma hospedeiro (intraespecificamente) ou a partir do processo
de hibridizacao de distintas espécies (interespecificamente) (CAMACHO 2005).

Por esses cromossomos nao recombinarem com o complemento A, podem estar em
diferentes ntmeros em diferentes individuos de uma determinada populagdo. Os
cromossomos B seguem seu proprio caminho evolutivo, como por exemplo através da
acumula¢do de mutacdes exclusivas e ocorréncia de distintas sequéncias (BEUKEBOOM
1994; CAMACHO 2005; HOUBEN et al. 2014; VALENTE et al. 2016; TRIFONOV et al.
2013), e se acumulam gragas aos mecanismos de acumulacdo, mitoticos e/ou meidticos,

devido a segregacdo ndo mendeliana e os mesmos se transmitirem com taxas superiores das



dos cromossomos A (HOUBEN et al. 2014; JONES 1995). Um dos exemplos mais extremos
de acumulo de cromossomos B ¢ o caso de Zea mays (2n = 20 As + 0-34 Bs) gerando efeitos
sobre o fendtipo externo, como o desenvolvimento de folhas listradas (HOUBEN et al. 2014).
Além da variagdo de niimero, os cromossomos B também apresentam distintos tamanhos e
morfologia que podem interferir diretamente em sua estabilidade ao longo das divisdes
celulares, sendo os medianos-grandes os mais estaveis (CAMACHO 2005).

Desde a descoberta dos cromossomos B, esses ja foram relatados em cerca de 15% das
espécies de eucariotos, encontrados mais frequentemente em ortopteros, peixes, gramineas e
espécies da familia Liliacea (CAMACHO 2005). Este viés de observagdo de cromossomos B
em alguns grupos pode estar relacionado ao maior nimero de espécies estudadas ou a maior
facilidade de analises cromossomicas. Segundo Palestis et al. (2010), em ortopteros foram
contabilizados a presenga de cromossomos B em cerca de 190 espécies com uma maior
prevaléncia para a superfamilia Acridoidea.

Um padrdo bastante comum reportado para os cromossomos Bs ¢ sua natureza
heterocromatica e a ocorréncia de DNAs repetitivos (BEUKEBOOM 1994; CAMACHO
2005; GREEN et al. 1993; HOUBEN et al. 2014; JONES et al. 2008), embora alguns genes
de copia tnica também tenham sido descritos (GRAPHODATSKY et al. 2005; HOUBEN et
al. 2014; MAKUNIN et al. 2014; TRIFONOV et al. 2013; VALENTE et al. 2014). Diversas
classes de DNA repetitivos foram encontrados nos cromossomos B evidenciando a
importancia dessas sequéncias com destaque para os DNAsat, microssatélites, elementos
transponiveis e familias multigénicas, incluindo os DNAr 18S, 5S, DNAsn U2 e genes
histonas (BUENO et al. 2013; CABRAL-DE-MELLO et al. 2010; CAMACHO 2005;
FANTINATTI et al. 2011; LOPEZ-LEON et al. 2008; LORETO et al. 2008; MESTRINER et
al. 2000; MILANI et al. 2014; OLIVEIRA et al. 2011; PALACIOS-GIMENEZ et al. 2014;
POLETTO et al. 2010; RUIZ-RUANO et al. 2015; SILVA et al. 2014; TERUEL et al. 2010;
VICARI et al. 2011; ZIEGLER et al. 2003). Estes distintos DNAs repetitivos foram descritos
em diversos cromossomos B de diferentes espécies, tais como Eypepocrinemis plorans
(Orthoptera), Crepis capillaris (Asteraceae), Nasonia vitripennis (Hymenoptera), Drosophila
subsilvestris (Diptera), Zea mays (Poaceae), Secale cereale (Poaceae), Astyanax scabripinnis
(Osteichthyes), dentre outros, podendo, os mesmos, serem especificos dos Bs ou
compartilhados com cromossomos A (GUTKNECHT et al. 1995; HOUBEN et al. 2014;
JAMILENA et al. 1994; LOPEZ-LEON et al. 2008; MARQUES et al. 2012; NUR et al. 1988;
PUERTAS 2002).
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O acumulo de elementos repetitivos nos cromossomos B esta diretamente associado a
sua natureza heterocromatica e auséncia de recombinagdo com os elementos A
(BEUKEBOOM 1994; CAMACHO et al. 2000). No entanto, a influéncia dos DNAs
repetitivos para a formagdo dos cromossomos B sugere dois pontos de vista sobre a evolugao
desses elementos. O mais primordial dentre eles ¢ que os cromossomos B tenderiam surgir
com tamanho grande sofrendo perda consecutiva de DNA, tendo seus genes degenerados e
silenciados, por invasdo de elementos repetitivos, minimizando os efeitos fenotipicos da
presenga do B (GREEN 1990). O outro ponto de vista sugere que os cromossomos B sdo
diminutos e aumentam a partir da sucessiva amplificacdo ou crossing-over desigual de
sequéncias repetitivas compartilhadas com o genoma A. Essas sequéncias repetitivas
localizadas proximas ao centrdmero poderiam trazer vantagens para a diferenciacdo dos
cromossomos B, como alteragdo nas formas de impulso meidtico (meiotic drive) e taxas de
ndo-disjuncdo (HENIKOFF e MALIK 2002). Em adi¢do, os DNA repetitivos sdo um dos
maiores contribuintes para o aumento do genoma dentre as espécies, possibilitando a maior
capacidade de transferéncia de DNA para os cromossomos B em espécies com genomas
maiores, como por exemplo os gafanhotos Eypropecnemis plorans e Locusta migratoria,
apresentando 11.11 Gb e 6.3 Gb, respectivamente (RUIZ-RUANO et al. 2014).

Embora seja bastante frequente a presengca de cromossomos B nos gafanhotos,
enquanto que estudos em espécies sul-americanas sdo ainda bastante escassos, os estudos sdo
mais concentrados nas espécies do velho mundo, tais como, Eyprepocnemis plorans e Locusta
migratoria. Em E. plorans, a espécie modelo mais bem estudada para andlises de
diversificacdo de cromossomos B, o uso de sequéncias repetitivas de DNA tem sido bastante
util em andlises da origem e diversificagdo das distintas variantes destes elementos. Nos
individuos portadores de cromossomos B, este elemento estd presente em todos os tecidos
(RUIZ-ESTEVEZ et al. 2014). O mapeamento fisico cromossémico utilizando diversos tipos
de DNAs repetitivos como, por exemplo, os genes ribossomais (18S, 5S e 45S) e sequéncias
de DNAsat (180-bp) (CABRERO et al. 2003; 2014; LOPEZ-LEON et al. 1994; TERUEL et
al. 2013), elementos de transposicao dos tipos Gypsy, RTE, Mariner € um retrotransposon R2
(MONTIEL et al. 2012; 2014), auxiliaram a tragar a origem destes elementos nas populacdes
desta espécie, evidenciando a presenca de mais de 50 variantes de cromossomos B em
distintas populagdes de E. plorans (BAKKALI et al. 1999; 2002; LOPEZ-LEON et al. 2008).

Segundo Teruel et al. (2009a) a pintura cromossdmica com sondas totais obtidas dos
cromossomos B24 e X indicaram forte relagdo de compartilhamento de sequéncias entre estes

cromossomos, além do compartilhamento de sequéncias com os blocos de heterocromatina
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autossomicos, indicando uma provavel origem intraespecifica deste elemento. Além disso,
outros estudos foram realizados a fim de obter informagdes sobre a funcionalidade de genes
ribossomais e expressdo de proteinas na presenca do cromossomo B (CABRERO et al. 2013;
RUIZ-ESTEVEZ et al. 2013; 2014; TERUEL et al. 2011).

Outro exemplo de gafanhoto ja bastante estudado ¢ a espécie Locusta migratoria.
Dentre as diversas andlises realizadas com esta espécie, a microdissec¢do dos cromossomos B
e X foi realizada obtendo um resultado similar ao obtido em E. plorans (TERUEL et al.
2009b). O mapeamento fisico cromossdmico de DNAs repetitivos realizado nesta espécie
demonstrou que alternativamente aos genes de DNAr, os genes de histonas H3 e H4
mostraram-se presente nos cromossomos B (TERUEL et al. 2010), sugerindo a origem deste
elemento a partir do par cromossomico 8 da espécie, também portador do cluster de histona.

Dentre as espécie sul-americanas melhor estudadas em relagdo a composicdo do
cromossomo B estdo por exemplo, Rhammatocerus brasiliensis, Xyleus discoideus angulatus,
Dichroplus pratensis, Eumastusia koebelei koebelei e Abracris flavolineata (ANJOS et al.
2016; BIDAU et al. 2004; BUENO et al. 2013; LORETO et al. 2008). Em R. brasiliensis,
estudos de cromossomo B revelaram semelhanga com alguns autossomos portadores de
DNAr 5S mas ndo DNAr 45S, e também mostraram que o cromossomo X ndo apresenta
familias de DNAr (LORETO et al. 2008), indicando origem autossémica do cromossomo B.
Por outro lado, o DNAr 5S mapeado em todos os cromossomos do complemento A (exceto
no par 11) e no cromossomo B, mostrou um resultado distinto em outras populagdes
analisadas. Além do espalhamento do DNAr 5S no genoma de R. brasiliensis foram também
observados multiplos sitios de genes de histonas H3, localizados nas mesmas regides
cromossdmicas de DNAr 5S, também no cromossomo B (OLIVEIRA et al. 2011). Em X d.
angulatus, o cromossomo B ndo apresentou DNAr 45S, ao passo que o cromossomo X
apresentou um dos dois clusters de DNAr 45S do genoma (LORETO et al. 2008), refor¢ando
origem autossdmica deste elemento. Na espécie de gafanhoto Dichroplus pratensis trés tipos
distintos de cromossomos B foram relatados (BIDAU 1987), dos quais um deles apresentou
sitios de DNAs ribossomais compartilhado com o par cromossomico 8 localizados em uma
regido muito proxima, sugerindo ancestralidade (BIDAU et al. 2004). Em Eumastusia
koebelei koebelei, a origem intraespecifica dos cromossomos B foi também sugerida devido
ao compartilhamentodos sinais de hibridiza¢do de sequéncias repetitivas obtidas do genoma A
através da técnica da DOP-PCR (ANJOS et al. 2016).

Abracris flavolineata é a espécie sul-americana com distribui¢do neotropical melhor

caracterizada para o polimorfismo de cromossomos B. Esta espécie apresenta o caridtipo 2n =
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23, X0 (machos) e 2n = 24, XX (fémeas) com alguns individuos da populacdo de Rio
Claro/SP portadores de 1-2 cromossomos B submetacéntricos totalmente C-negativos
(BUENO et al. 2013). A estimativa mais atual de frequéncia de cromossomos B para os
individuos de Rio Claro/SP ¢ de 24.5% para as fémeas e 13.5% para os machos (MILANI et
al. 2017), demonstrando uma alteragdo de frequéncia em relagdo aos numeros publicados por
Bueno et al. (2013), de 29.7% para as fémeas e 31.5% para os machos. Se por um lado a
flutuacdo na frequéncia do cromossomo B entre os sexos nesta espécie, possa ser atribuida a
deriva genética, por outro lado, essas estimativas devem ser confirmadas com estudos ao
longo dos anos.

Em rela¢do a composi¢do do cromossomo B de A. flavolineata o conjunto de estudos
indica a origem do cromossomo B a partir do par cromossomico 1 portador de sitios de
DNAsn U2, que também ocorre em multiplas copias no B. A distribuicdo longitudinal dos
quatro sitios de DNAsn U2 no cromossomo B de A. flavolineata sugere a origem deste
elemento pela formacdo de um isocromossomo, seguido de amplificagdo de sequéncias que
aumentou o tamanho de um dos bracos (BUENO et al. 2013). Outras familias génicas,
incluindo os DNAr, DNAsn Ul e genes de histona H3 ndo estdo presentes no B (BUENO et
al. 2013; MENEZES-DE-CARVALHO et al. 2015). Além do gene de DNAsn U2 o
cromossomo B de 4. flavolineata esta enriquecido de dois elementos transponiveis similares a
Mariner, um deles distribuido por todo o cromossomo e o outro concentrado no braco longo
(PALACIOS-GIMENEZ et al. 2014), além de diversas repeticdes de microssatélites
(MILANI ¢ CABRAL-DE-MELLO 2014). A pintura cromossémica com o DNA de
cromossomos B microdissectados de A. flavolineata revelou compartilhamento com regides
eucromaticas dos cromossomos A e sinais intensos nos dois bragos do B, reforcando a
hipotese de formacdo de isocromossomo e a possivel presenca de sequéncias eucromaticas
neste cromossomo. Além disso, a baixa variabilidade do gene DNAsn U2 entre o genoma A e
o cromossomo B, sugere que esse gene possa ser funcional neste elemento, além de que, a
evolucdo em concerto esteja agindo nas repeticdes dos cromossomos do complemento A ¢ B
levando a homogeneizagdo intracromossomica dessas sequéncias (MENEZES-DE-
CARVALHO et al. 2015).

Até o momento, esses trabalhos realizados tem descrito informagdes necessarias para
o entendimento da dindmica, composi¢do e evolucdo do cromossomo B de individuos da
populacdo de Rio Claro/SP, mostrando evidéncias sobre a sua origem e possivel natureza
eucromatica (BUENO et al. 2013; MENEZES-DE-CARVALHO et al. 2015; MILANI ¢
CABRAL-DE-MELLO 2014; PALACIOS-GIMENEZ et al. 2014). No entanto, muito pouco
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se sabe sobre os outros tipos de DNAs repetitivos que este elemento abriga, como por
exemplo os DNA satélites, e muito menos de como esses DNAs repetitivos influenciam a

evolucao do genoma hospedeiro.
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2. OBJETIVOS E METAS
2.1. Objetivo geral

Compreender a estrutura, organizacao, padroes de evolucdo e possivel transcricdo de
DNAs satélites no genoma de Abracris flavolineata, com énfase nos cromossomos

supranumerarios.

2.2. Metas especificas

* Isolar por restri¢do enzimatica, sequenciar e mapear através da FISH, os DNAs satélites
obtidos do genoma de A. flavolineata, buscando os padroes de organizagdo
cromossOmica e sua possivel relagdo com os cromossomos B;

* Isolar através da PCR, caracterizar a sequéncia nucleotidica e mapear através da FISH
DNAs satélites previamente identificados no genoma de A. flavolineata de distintas
populagdes (a0 menos quatro), buscando entender seus padrdes evolutivos
interpopulacionalmente e intrapopulacionalmente ;

e Utilizar o produto da microdissec¢do do cromossomo B de individuos da populagdo de
Rio Claro como molde para amplificagdo cromossomo-especifica dos DNAs satélites
isolados, buscando entender a diversificacdo destas sequéncias neste cromossomo em
comparagao ao complemento A;

* Buscar as repeticdes de DNA satélite no genoma de A. flavolineata a partir de dados de
sequenciamento genomico completo, a fim de elucidar os padrdes de organizacdo e
possivel associagao com outros elementos no genoma da espécie;

* Verificar a possivel transcricdo dos DNAs satélites isolados por rtPCR em diferentes
tecidos, fases de desenvolvimento e na presencga/auséncia de cromossomo B a fim de obter

dados sobre a funcionalidade destas sequéncias e seus padroes de transcrig¢ao;
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3. MATERIAIS E METODOS
3.1. Material biologico e obten¢do de cromossomos

Espécimes machos e fémeas adultos de Abracris flavolineata foram coletados em seis
regides do Brasil: (1) Rio Claro/SP (Sao Paulo), (2) Cabo/PE (Pernambuco), (3) Sta. Barbara
do Pard/PA (Para), (4) Paranaita/MT (Mato Grosso), (5) Manaus/AM (Amazonas) e (6)
Posadas/Misiones (Argentina). Para obtengdo de cromossomos de células meioticas, foram
utilizados testiculos de machos previamente fixados em solugdo etanol absoluto:acido acético
3:1 armazenados a -20°C. Animais inteiros foram imersos em etanol absoluto e armazenados
a —20 °C para posterior extracdo do DNA gendomico (gDNA). Células mitoticas foram obtidas
de embrides seguido pelo protocolo proposto por Webb et al. (1978). Os embrides foram
obtidos a partir da disseccdo do ovo com cerca de 15 dias apds a postura de diversos
individuos coletados de Rio Claro/SP alocados em caixas de criagdo. As laminas foram
obtidas a partir da técnica cldssica de esmagamento e coradas com Giemsa 5% para analises
convencionais para conferir a presenga de Bs nas distintas posturas dos individuos de Rio

Claro/SP e analisar a estrutura cromossomica geral dos animais das diferentes populagdes.

3.2. Isolamento de sequéncias repetitivas por digestio enzimatica

Os DNAs genomicos de exemplares das seis populagdes foram extraidos pelo método
fenol-cloroformio (SAMBROOK e RUSSEL 2001) e armazenado em freezer -20 °C. O DNA
gendmico dos individuos da populacdo de Rio Claro/SP foram fragmentados por digestdo
enzimatica utilizando 3 enzimas de restri¢do (Hindll, Alul e Smal). Os produtos digeridos
foram fracionados por eletroforese em gel de agarose 1% corado com GelRed (Uniscience,
Brasil) para verificar e selecionar a reagdo que apresentou o padrao de “ladder”, tipico para
sequencias de DNA arranjadas em tandem. Subsequentemente o monomero fracionado do
respectivo DNAsat foi selecionado e purificado pelo kit Zymoclean™ Gel DNA Recovery Kit
(Zymo Resarch Corp., The Epigenetics Company, USA) de acordo com as recomendagdes

dos fabricantes.

3.3. Clonagem, sequenciamento e construcio de primers

Os produtos purificados obtidos por digestdo enzimatica do DNA de individuos de Rio
Claro/SP foram clonados usando o kit pMOSB/ue Blunt Ended Cloning (GE Healthcare) com
as células competentes DHS5Sa Escherichia coli. Diversas colonias positivas foram
selecionadas e o inserto foi isolado por Reagdo em cadeia da polimerase (PCR) usando os

pares de  primers universais MI13  (F-5’GTAAAACGACGGCCAG e R-
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5’CAGGAAACAGCTATGAC). O sequenciamento de DNA foi realizado pelo método de
Sanger realizado pela companhia Macrogen Inc. (Korea). O programa Geneious v.4.8.5
(DRUMMOND et al. 2009) foi utilizado para checar a qualidade e excluir as sequéncias dos
vetores de clonagem. Além disso, um par de primers especificos (F-
5’GACAGTTTTAAACACTTCCATTACAG e R-5’GACTGTGTTGATATCCAATAACA)
foi desenhado para amplificagdo por PCR da primeira sequéncia de DNAsat (AflaSAT-1).

3.4. Amplificagdo por PCR do AflaSAT-1 e analise das sequéncias

A amplifica¢dao por PCR do AflaSAT-1 foi conduzida utilizando como molde o DNA
gendmico de animais pertencentes de seis diferentes populagdes, ¢ do cromossomo B
previamente microdissectado (UB-DNA) obtidos de individuos de Rio Claro/SP (MENEZES-
DE-CARVALHO et al. 2015). As condig¢des dos experimentos de PCR foram de 94°C por 5
minutos para a desnaturagdo seguido por 30 ciclos de 94°C (30s), 55°C (30s), 72 °C (80s),
mais uma extensdo final de 72 °C por 5 minutos. Os produtos de PCR resultantes foram
visualizados em gel de agarose 1% corado com GelRed (Uniscience, Brasil), e as bandas
foram isoladas e purificadas com o kit ZymocleanTM Gel DNA Recovery (Zymo Research
Corp., The Epigenetics Company, USA) de acordo com as recomendagdes dos fabricantes.

Para clonagem dos produtos de PCR purificados, foi utilizado o vetor de clonagem
pGEM-T easy vector (Promega, Madison, WI, USA) com as células competentes DH5a
Escherichia coli. Os clones positivos foram isolados utilizando sistema “azul/branco” e o
inserto amplificado com os primers universais M13 e sequenciados pela companhia Macrogen
Inc. (Korea).

As sequéncias monomeros foram tratadas utilizando o Geneious v.4.8.5
(DRUMMOND et al. 2009) e posteriormente agrupadas para checar o polimorfismo de DNA
e reconhecimento de haplotipos pela ferramenta DnaSP v.5.10.01 tool (LIBRADO e ROZAS
2009). Para uma analise mais minuciosa, as sequéncias “singletons” foram descartadas. Um
grafico de rede de hapldtipos foi construido empregando o software Network 4.6.1.2 software
(http://www.fluxus-engineering.com) e uma darvore de distancia (neighboor joining) foi
gerada pelo programa MEGA6 (http://www. megasoftware.net). As sequéncias

correspondentes aos hapldtipos foram todas depositadas no banco de dados NCBI.

3.5. Analise do DNA satélite a partir de dados de sequenciamento gendmico
As repeticoes do AflaSAT-1 foram procuradas no genoma sequenciado de A.

flavolineata de um individuo portador de um cromossomo B. O genoma foi sequenciado
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utilizando a plataforma Illumina Miseq paired-end (2x300) e as bibliotecas dos reads foram
construidas pelo kit Nextera DNA Library Preparation e quantificadas pelo kit KAPA Library
Quantification (MILANI et al. em preparagdo). Para este propdsito, os reads obtidos do
sequenciamento foram processados, filtrados e entrelacados com as ferramentas disponiveis
na plataforma Galaxy/RepeatExplorer (NOVAK et al. 2013) para posterior montagem e
caracterizacdo de DNAs repetitivos pela clusterizagdo baseada em graficos. Posteriormente,
as sequéncias similares a0 AflaSAT-1 nos reads agrupados gerados pela clusterizagdo foram
procuradas manualmente pelo Geneious v.4.8.5 (DRUMMOND et al. 2009). Para a realizagao
dessa procura foram considerados apenas os grupos (clusters) que apresentavam graficos com
alta densidade, tipicos de DNAsat (NOVAK et al. 2010). No grupo (cluster) encontrado que
continha repeticdes do AflaSAT-1 foi também observado uma outra sequéncia associada a
ele, o qual um par de primers foi desenhado a fim de recuperar essa sequéncia, F-

5S’GGGTCTCGCGAAATGAGAC ¢ R-5’GCTTTCTAAACGGAATCGAG.

3.6. Hibridizacao in situ fluorescente (FISH) e hibridizacio em membrana (Dot Blot)

Os produtos de PCR do DNAsat isolado da populagdo de Rio Claro/SP foram
utilizados como sondas em experimentos de FISH em cromossomos de individuos
pertencentes as populacdes de Rio Claro/SP, Cabo/PE, Sta Barbara do Pard/PA e Posadas/AR.
Os fragmentos foram marcados com digoxigenin-11-dUTP por Nick Translation e detectados
pelo anticorpo anti-digoxigenina rodamina (Roche, Mannheim, Germany) ou biotina-14-
dUTP detectados com streptavidina Alexa Fluor-488 conjugado (Invitrogen, San Diego, CA,
USA).

Os experimentos de FISH foram conduzidos seguindo o protocolo de Pinkel et al.
(1986), com pequenas adaptacdes de Cabral-de-Mello et al. (2010). Os experimentos de FISH
em fibras de cromatina (fiber-FISH) foram conduzidos de acordo com Barros et al. (2011). As
laminas foram contra-coradas com DAPI (4',6-Diamidine-2'-phenylindole) e montadas com
VECTASHIELD (Vector, Burlingame, CA, USA). As imagens foram capturadas em escala
de cinza utilizando uma camera digital refrigerada DP70 acoplada a um microscdpio Olympus
BX51 equipado com uma lampada de fluorescéncia e filtros apropriados. As imagens foram
pseudo-coloridas, mescladas e tratadas para brilho e contraste com Adobe Photoshop CSé.

Para checar se o AflaSAT-1 ¢ compartilhado com outras espécies em nivel de género,
sub-familia e familia, foi realizado um experimento de Dot Blot utilizando como sonda a
sequéncia obtida de individuos de Rio Claro/SP. A sonda foi testada contra os DNAs

gendmicos de 4. flavolineata como controle positivo, a espécie congenérica A. dilecta e



18

Vilerna rugulosa, uma espécie pertencente a mesma sub-familia (Ommatolampidinae). Além
disso, foram utilizadas outras espécies que pertencem a outras sub-familias da familia
Acrididade, incluindo Melanoplinae (Ronderosia bergi), Cyrtacanthacridinae (Schistocerca
pallens), Gomphocerinae (Amblytropidea robusta) e Leptysminae (Eumastusia koebelei
koebelei). A presenca do AflaSAT-1 foi também examinada por PCR em cada uma dessas
espécies nas mesmas condi¢des aplicadas para A. flavolineata descritas acima. Os resultado
positivos foram todos checados por sequenciamento nucleotidico pelo método de Sanger
(Macrogen Inc, Korea).

A sonda foi marcada por Nick Translation com biotina-14-dATP (Invitrogen).
Aproximadamente 100 ng de DNA gendmico de cada espécie foram transferidos a uma
membrana de nylon Hybond N+ (GE Healthcare) utilizando o aparelho Bio-Dot
Microfiltration (Bio-Rad Laboratories Inc.). O DNA genomico ligado a membrana foi
desnaturado com NaOH 0.5 M por 2 minutos e a membrana foi posteriormente lavada em
solugdo 5X SSC por 1 minuto. Ap6s, a membrana foi secada por 90 minutos a 80°C.

A hibridizacao foi realizada durante 16 horas (overnight) a 37°C com 200 ng de sonda
desnaturada diluida em solug¢do tampao ECL gold hybridization (GE Healthcare), com a
adi¢do de albumina de soro (0.05% w/v) e NaCl (2.5 M). Apds hibridagdo, as lavagens de
membrana foram realizadas como se segue: 5X SSC por 5 minutos a 42°C; trés vezes em
tampao primario contendo uréia (6 M), 0.4% SDS (w/v) e 0.1X SSC por 10 minutos a 42°C
cada; e 20X SSC por 5 minutos a temperatura ambiente. Finalmente, o kit de detec¢do Biotin
chromogenic (Thermo Scientific) foi utilizado de acordo com as recomendagdes dos

fabricantes.

3.7. PCR em tempo real para numero de copias

Para verificar a variagdo no numero de copias do AflaSAT-1 entre distintas
populagdes e em individuos machos abrigando um cromossomo B, foi realizado uma
quantifica¢do relativa pelo método de dosagem génica ACt (NGUYEN et al. 2013). Os
ensaios de PCR quantitativa (qPCR) foram realizados utilizando o DNA genoémico de
exemplares machos de cada populagdo em que foram obtidos resultados dos experimentos de
FISH (Cabo/PE, Sta Barbara do Para/PA e Posadas/AR). Para a poulagdo de Rio Claro/SP, foi
testado exemplares machos com e sem um cromossomo B e fémeas sem cromossomo B. As
taxas de dosagem génica (GDR) foram obtidas seguindo os mesmos parametros de Valente et
al. (2014) utilizando a proteina de choque térmico (Hsp70) como gene de referéncia (F-

5S’GGTGTGATGACCACTCTTATCAA e R-5’CACTTCAATTTGAGGCACACC). O gene
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Hsp70 foi escolhido por ndo apresentar diferenga nas taxas de amplifica¢do entre os machos,
fémeas e individuos 0B e 1B, sugerindo que esse gene estd localizado nos autossomos. O
numero de copias relativo de AflaSAT-1 foi determinado comparando todos os dados com os
dados obtidos dos individuos de Rio Claro/SP sem cromossomo B, ja que ndo existe uma
confirmacdo de que o gene Hsp70 ¢ um gene de copia unica. A sequéncia alvo e o gene de
referéncia foram analisados simultanecamente em duplicatas de quatro amostras
independentes. As condi¢gdes da qPCR foram: 95 °C por 10 min; 45 ciclos de 95 °C por 15s, €
60 °C por 1 min, realizada no equipamento StepOne Real-Time PCR Systems (Life
Technologies, Carlsbad, CA). A especificidade dos produtos de PCR foram confirmadas pela

analise da curva de dissociacao.

3.8. Extracio de RNA e PCR de Transcriptase reversa

A fim de obter o DNA complementar da primeira cadeia (cDNA) e testar a possivel
atividade transcricional do AflaSAT-1 em distintos tecidos de machos e fémeas e em
diferentes estagios de desenvolvimento, os RNAs foram extraidos de tecidos de orgdos de
machos e fémeas adultos, incluindo a cabeca, patas saltatorias, testiculos, ovariolos e cecos
gastricos, além de embrides (com aproximadamente 20 dias de desenvolvimento) e ninfas de
primeiro estagio (imediatamente apos eclosdo) da populagdo de Rio Claro/SP. Exemplares
machos com um cromossomo B foram também testados com todos os tecidos citados acima.
Pelo menos trés replicatas de amostras foram utilizadas para cada uma das situacdes. A
extracdo de RNA foi realizada utilizando o reagente TRIzol® (Life Technologies) seguido
por um tratamento com Amplification Grade DNAse I (Sigma-Aldrich) para evitar
contaminantes de DNA. Finalmente, as amostras de cDNAs foram obtidas por reacdo de
transcriptase reversa (RT-PCR) utilizando o kit High-Capacity cDNA Reverse Transcription
(Life Technologies) com as seguintes condi¢des: 25 °C por 10min; 37 °C por 120min, e 85 °C
por Smin. Posteriomente, as amostras de cDNAs foram usadas como moldes para
amplificagdo por PCR do AflaSAT-1.

Para validar os sinais de transcricdo e para confirmar se as amostras ndo foram
contaminadas com DNA gendmico, as amostras de cDNAs foram usadas como molde para
amplificagdo do gene Hsp70. A amplificacdo do gene Hsp70 em amostras de DNA e amostras
de cDNA ndo contaminadas revelaram bandas com tamanhos diferentes, 1i.e.
aproximadamente 300 pb e 200 pb, respectivamente. Esta diferenca ¢ resultado da presenga
de regides intronicas do DNA genomico, o qual ndo se apresenta apds a transcrigdo e

processamento do RNA.
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4. RESULTADOS E DISCUSSAO
Os resultados da presente dissertagdo estdo apresentados no manuscrito a seguir a ser

submetido a revista Chromosome Research (ISSN: 1573-6849).
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4.1 Capitulo 1:
Uncovering the evolutionary history of a satellite DNA in the genome of the grasshopper

Abracris flavolineata

Diogo Milani, Erica Ramos, Vilma Loreto, Dardo Andrea Marti, Adauto Cardoso, Cesar
Martins, Karen C. Martinez de Moraes, Diogo Cavalcanti Cabral de Mello

Manuscrito a ser submetido a revista Chromosome Research
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Abstract

Satellite DNAs (satDNA) are sequences usually repeated hundred to thousand times tandemly
arrayed, enriched in heterochromatin from specific region or chromosomes, including B
chromosomes. Here, we isolated the first satDNA in the grasshopper Abracris flavolineata,
named AflaSAT-1. The sequence was characterized by integration of cytogenetic, molecular
and genomics approaches, aiming to understand the structural organization, evolution in A
and B chromosomes and possible transcriptional activity. The AflaSAT-1 is shared with other
grasshopper species, but it was evidently amplified in 4. flavolineata forming detectable
clustered arrays. AflaSAT-1 presented low variability at interpopulational level; but
monomers from B chromosome observed in individuals from Rio Claro/SP were more
variable presenting four exclusive mutations, reflecting the common higher mutational rate in
this chromosome. Genomic structural analysis revealed distinct organization for the satDNA,
with its alternative association with other satDNA, named AflaSAT-2. The chromosomal
analysis showed that both satDNAs were also interglimed to each other, forming large blocks
in centromeres of almost all chromosomes (except the smallest pair), but in the B
chromosome only a small centromeric signal was noticed in individuals from Rio Claro/SP.
Chromosomal distribution for AflaSAT-1 revealed variability, at populational level, with
absence of marks, additional clusters and heteromorphism. This variation was coincidentally
followed by variability in copy number, suggesting dynamic expansion or elimination of
repeats. Finally, AflaSAT-1 was constitutively transcriptionally active in five tissues of

adults, in distinct life cycle phases, and both in carrier and non-B chromosome carriers.

Key-words: B chromosome, repetitive DNA, genome organization, tandem repeat,

transcription
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Introduction

For more than half century researchers attempt to understand the complexity and
evolution of repetitive DNA. This fraction of the genome was in time considered to not reveal
any kind of functionality (Orgel and Crick 1980) as the traditional designation of junk DNA
suggested, however, due to the technolocal advance allowing deeper analysis, nowadays the
repetitive DNAs are known to be associated with several functions, like the heterochromatin
formation, regulation, repair, gene expression regulation, replication process, among others
(see for example Anleitner and Haymer 1992; Kraemer and Schmid 1993; Messier et al.
1996; Shapiro and Sternberg 2005; Ugarkovi¢ 2005; Biémont and Veira 2006; Feschotte and
Pritham 2007; Pezer et al. 2011; Lopez-Flores and Garrido-Ramos 2012; Kuhn 2015).

Repetitive DNAs are classified depending on the rate of repetitiveness, and how they
are arranged in the genome, including Transposable Elements (TEs), minisatellite,
microsatellite and satellite DNA (satDNA) (Biémont and Vieira 2006; Plohl et al. 2012). The
satDNAs comprise the highly repetitive genome fraction organized by repetitions directly
contiguous to each other, i.e. in tandem, forming long arrays with hundreds of copies,
generally composed by 100-1000 base pairs (Charlesworth et al. 1994). These in tandem
arrays compose the major content of heterochromatin in eukaryotes, associated generally with
the centromeres and telomeres (John and Miklos 1979; Charlesworth et al. 1994; Ugarkovi¢
and Plohl 2002; Palomeque and Lorite 2008). These sequences evolve by the homogenization
and fixation of distinct variants in a determined sexual population by a process named as
concerted evolution (Dover 1986; Dover 2002). Molecular mechanisms of DNA turnover,
such as unequal crossing over and gene conversion are the major responsible for this
homogenization pattern, leading to quantitative changes between species and undergoing on
specific variants generating specific satDNA subfamilies with differential arrangements and

organization in a given genome (Pons et al. 2002; Plohl et al. 2008; Plohl et al. 2012).
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A very characteristic genomic element that frequently accumulate satDNAs, are the B
chromosomes (Lopez-Ledn et al. 1994; de Jesus et al. 2003; Camacho 2005; Houben et al.
2014; Klemme et al. 2013; Kumke et al. 2016). These chromosomes occur in about 15% of
eukaryotes and are known to be dispensable for normal development, do not recombine with
standard A genome and could present drive mechanism and accumulation (Camacho et al.
2000). Although frequently reported in some groups, the knowledge about satDNA
populating the B chromosomes in insects is restrict to few species, as for example the
grasshoppers Eyprepocnemis plorans (Lopez-Leon et al. 1994; 1995; Cabrero et al. 2003) and
Eumigus monticola (Ruiz-Ruano et al. 2016a), wasps (Nur et al. 1988; Eickbush et al. 1992),
Glossina (Amos and Dover 1981) and Drosophila species (Gutknecht et al. 1994), all
showing the directly association between the heterochromatic nature of B chromosomes and
the accumulation of repetitive DNAs. In the organisms listed above, the isolated satDNA
helped in the tracking of origin and evolution of the B chromosomes.

In the male grasshopper Abracris flavolineata (2n=23,X0) was detected one or two
submetacentric B chromosomes in individuals from a population sampled in Rio Claro/SP-
Brazil (Bueno et al. 2013). The origin and evolution of B chromosome were adressed using
repetitive DNAs as markers (Bueno et al. 2013; Milani and Cabral-de-Mello 2014; Palacios-
Gimenez et al. 2014). In this study we isolated through restriction enzymatic digestion the
first satDNA (AflaSAT-1) in the species, named AflaSAT-1 aiming to a deeper knowledge
concerning the satDNAs among grasshoppers and their contribution to B chromosome
structure and evolution in A. flavolineata. AflaSAT-1 was studied by a combination of
chromosomal and molecular analysis at population level uncovering its genome organization

and evolution in A and B chromosomes.

Materials and Methods
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Animal sampling

Male and female adults of A. flavolineata were collected at five distinct sites in Brazil
(BR) and one in Argentine (AR), including Rio Claro/SP (Sdo Paulo) 22°24'45"S;
47°31228"W, Cabo/PE (Pernambuco) 8°17°15°’S; 35°2°7°°W, Sta. Barbara do Pard/PA (Pard)
1°13°27°S; 48°17°38°W, Paranaita/MT (Mato Grosso) 9°40°25”’S; 56°28°36°W,
Manaus/AM (Amazonas) 3°06°02°’S; 59°58°31°W and in Posadas/Misiones/AR (Argentine)
27°24.991°S; 55°55.949°W. Testes were fixed in 3:1 absolute ethanol:acetic acid and stored at
—20 °C. Entire animals were immersed in absolute Ethanol and stored at —20 °C for genomic
DNA (gDNA) extraction. We obtained tissues for DNA extraction and to chromosome
obtaining from Rio Claro/SP, Cabo/PE, Sta Béarbara do Pard/PA and Posadas/AR, while from
Manaus/AM and Paranaita/MT populations only tissues for DNA extraction was obtained.

Animals collected in Rio Claro/SP were deposited in breeding boxes until laying to
embryo obtaining. Embryo mitotic cells were obtained from embryo dissection about 15 days

after laying, following Webb et al. (1978) method.

Restriction enzymatic digestion, cloning and primer design

The genomic DNA was extracted using the phenol-chloroform method (Sambrook and
Russel 2001) and stored in -20 °C until use. Genomic DNA of the specimens from Rio
Claro/SP population was fragmented by restriction enzymatic digestion using Hindll, Alul
and Smal enzymes. The digested products were fractionated by electrophoresis in 1% agarose
and fragments with ladder pattern were purified using the kit Zymoclean™ Gel DNA
Recovery Kit (Zymo Resarch Corp., The Epigenetics Company, USA) according to the
manufacturer instructions.

The purified products were cloned using the pMOSB/ue Blunt Ended Cloning Kit (GE

Healthcare) with DHS5a Escherichia coli as competent cells. Positive colonies were randomly
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chosen and screened by Polymerase Chain Reaction (PCR) using M13 primers set (F-
5’GTAAAACGACGGCCAG and R-5’CAGGAAACAGCTATGAC) and product were sent
for DNA sequencing (Macrogen Inc. Company, Korea). The sequence quality and exclusion
of the vector sequences was performed with Geneious software v.4.8.5 (Drummond et al.
2009). Specific primer set (F-5’GACAGTTTTAAACACTTCCATTACAG and R-
5’GACTGTGTTGATATCCAATAACA) was designated to amplify through PCR the

satDNA sequence (AflaSAT-1).

AflaSAT-1 PCR amplification and sequence analysis

PCR amplification using specific designed primers for AflaSAT-1 was conducted
using the genomic DNA of individuals belonging to the six distinct populations, besides from
the B chromosome previously microdissected (uUB-DNA) from individuals from Rio Claro/SP
(Menezes-de-Carvalho et al. 2015). PCR conditions were an initial denaturation at 94°C for 5
min and 30 cycles at 94°C (30s), 55°C (30s), and 72 °C (80 s), plus a final extension at 72 °C
for 5 min. PCR products were visualized on a 1 % agarose gel, and the bands were isolated
and purified using the ZymocleanTM Gel DNA Recovery Kit (Zymo Research Corp., The
Epigenetics Company, USA) according to producer's recommendations.

The purified PCR products it were cloned using pGEM-T easy vector (Promega,
Madison, WI, USA) with DH5a Escherichia coli as competent cells. Positive clones were
screened using the M13 primer set and sequenced by Macrogen Inc. (Korea) Company.

The monomer sequences were analyzed using Geneious v.4.8.5 (Drummond et al.
2009) and then, to check the DNA polymorphism and haplotype recognition it was used
DnaSP v.5.10.01 tool (Librado and Rozas 2009). For more accurate analysis, singleton
sequences were discarded. A graphical haplotype network was constructed employing the

Network 4.6.1.2 software (http://www.fluxus-engineering.com) and a neighbor joining tree by
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p-distance model was generated using the MEGAG6 software (http://www. megasoftware.net).
The correspondent haplotype sequences will be deposited in NCBI database under accession
numbers.

We searched the AflaSAT-1 repeats in the sequenced genome of 4. flavolineata from
an individual harboring one B chromosome. This genome was sequenced using Illumina
Miseq paired-end (2x300), the libraries was constructed using Nextera DNA Library
Preparation Kit and quantified by KAPA Library Quantification Kit (Milani et al. in
preparation). For this proposes we applied the graph-based clustering and assembly using
RepeatExplorer (Novék et al. 2013) and searched manually sequences similar to AflaSAT-1
in the assembled contigs using Geneious v4.8.5 (Drummond et al. 2009). For this search we
considered only clusters showing high graph density that is typical for satDNA (Novék et al.
2010). In the cluster containing the AflaSAT-1 we also observed another associated sequence
and a primer set to recover this sequence was designed, F-5’GGGTCTCGCGAAATGAGAC

and R-5’GCTTTCTAAACGGAATCGAG.

Chromosome obtaining and Fluorescent in situ hybridization (FISH)

Meiotic cells were obtained from testis, while mitotic ones from embryos. The slides
were obtained by tissue maceration and then stained with Giemsa 5% for conventional
analyzes to check the general chromosomal structure of animals from distinct populations.

The PCR products from satDNAs from Rio Claro/SP individuals were used as probes
for FISH assays using chromosomes of individuals belonging to the populations of Rio
Claro/SP, Cabo/PE, Sta Barbara do Pard/PA and Posadas/AR. Fragments were labeled by
nick translation using digoxigenin-11-dUTP and detected by anti-digoxigenin rhodamine
(Roche, Mannheim, Germany) or biotin-14-dUTP detected with streptavidin Alexa Fluor-488

conjugated (Invitrogen, San Diego, CA, USA). FISH experiments were conducted following
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Pinkel et al. (1986), with adaptations by Cabral-de-Mello et al. (2010). Fiber-FISH was
conducted according to Barros et al. (2011). Slides were counterstained with DAPI (4',6-
Diamidine-2'-phenylindole) and mounted with VECTASHIELD (Vector, Burlingame, CA,
USA). Pictures were captured using a DP70 cooled digital camera in grayscale coupled with
an Olympus microscope BX51 equipped with a fluorescence lamp and appropriate filters. The

images were pseudo-colored, merged and treated for brightness and contrast using Adobe

Photoshop CS6.

Dot Blot hybridization

To check if the AflaSAT-1 is shared with other species at genus, sub-family and
family level we run a Dot Blot experiment followed the descriptions of Anjos et al. (2016),
using as probe the sequence amplified from individuals from Rio Claro/SP in other six
species. The probe was tested against the genomic DNA of A. flavolineata as positive control
and the congeneric species 4. dilecta and Vilerna rugulosa, a species belonging to the same
subfamily (Ommatolampidinae). Moreover we used species belonging to other Acrididae
subfamilies, including Melanoplinae (Ronderosia bergi), Cyrtacanthacridinae (Schistocerca
pallens), Gomphocerinae (Amblytropidia robusta) and Leptysminae (Eumastusia koebelei
koebelei). The presence of AflaSAT-1 was also tested through PCR in each species following
the same conditions applied for 4. flavolineata described above and the results checked by

nucleotide sequencing.

Copy number detection by qPCR
To verify the copy number of AflaSAT-1 between distinct populations and in
individuals harboring one B chromosome we performed a relative quantification employing

the gene dose ACt method (Nguyen et al. 2013). qPCR assays were done using the gDNA
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from male samples of each population in which we obtained FISH results, i.e. Cabo/PE, Sta
Barbara do Pard/PA and Posadas/AR. For the Rio Claro/SP population we tested males with
and without one B chromosome and females without B chromosome. The gene dosage ratios
(GDR) were obtained following the same parameter of Valente et al. (2014) using the Heat
Shock Protein (Hsp70) as reference gene (F-5’GGTGTGATGACCACTCTTATCAA and R-
5’CACTTCAATTTGAGGCACACC) since there was no difference in amplification ratio
between males, females and OB and 1B individuals. Our results support that the Hsp70 gene is
placed in autosomes, considering no difference between males and females. The target and
reference gene were analyzed simultaneously in duplicates of four independent samples. The
qPCR conditions were 95 °C for 10min; followed by 45 cycles of 95 °C for 15s, and 60 °C for
Imin, performed in the StepOne Real-Time PCR Systems (Life Technologies, Carlsbad, CA).

Specificity of the PCR products was confirmed by analysis of the dissociation curve.

RNA extraction and transcriptional analyses

The RNA was extracted from organs tissues of male and female adults, including
head, saltatory legs, testis, ovariole and gastric caecum and in both embryos (with 20 days of
development) and nymphs in first stage (immediately after hatch) from Rio Claro/SP
population. We also tested the distinct above cited tissues from adult males with 1B. RNA
extraction was assign using TRIzol® Reagent (Life Technologies) and then treated with
Amplification Grade DNAse I (Sigma-Aldrich) to avoid DNA contaminants. Finally, the
cDNAs samples were obtained by reverse transcription (RT-PCR) using High-Capacity
cDNA Reverse Transcription Kit (Life Technologies) where the reaction conditions were 25
°C for 10min; 37 °C for 120min, and 85 °C for 5Smin. Posteriorly, the cDNAs samples were
used as template for conventional PCR amplification of AflaSAT-1. At least three biological

replicates for each situation were run.
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To validate the signals of transcription and to be sure that the samples are not
contaminated with genomic DNA, the cDNAs samples were used as source for amplification
of Hsp70 as a control. The amplification of Hsp70 gene in genomic DNA samples and
uncontaminated cDNA samples reveal band with distinct sizes, i.e. approximately 300 bp and
200 bp, respectively. This difference is caused by the presence of an intron in genomic DNA
that is not present after RNA transcription and processing. Some PCR products were

sequenced to confirm the HSP70 sequence.

Results
Isolation and characterization of satDNA sequences

The gDNA digestion using three distinct restriction endonucleases (RE), Hindll, Alul
and Smal, revealed a ladder pattern for Hindll and Smal enzymes with bands of about 150 bp,
300 bp, 450 bp, corresponding to monomer and multimers of a putative tandem sequence. The
monomer generated by Hindll was selected for further analysis (Figure 1a). The sequence was
173 bp long and the convergent internal primer designed recovered a fragment containing 137
bp, which formed a ladder pattern, typical for satDNAs (Figure 1b,c). This sequence was
named AflaSAT-1. Internal restriction sites for other enzymes were also recognized in
AflaSAT-1 (Figure 1c).

AflaSAT-1 was detected through PCR in individuals sampled in the six populations,
besides in the uB-DNA from Rio Claro/SP. A total of seventy-nine AflaSAT-1 sequences
were recovered after cloning the product from individuals from Rio Claro/SP (15 clones), uB-
DNA from Rio Claro/SP (10 clones), Cabo/PE (11 clones), Santa Barbara do Pard/PA (10
clones), Paranaita/MT (11 clones), Manaus/AM (12 clones), and Posadas/AR (10 clones). The
AflaSAT-1 was similar in composition in all populations, presenting about 44.0% of G+C

base pairs. Distinct number of haplotypes was recognized depending of the population and
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considering the all sequences, 11 haplotypes were recognized. The number of mutation and
variable sites was slightly higher in the sequences recovered from pB-DNA. Nucleotide and
haplotype diversity was also slightly variable, reaching the highest value in Cabo/PE (Table
1).

A minimum spanning tree revealed the relationship between the 11 haplotypes from
all populations (Figure 2). Tree of the eleven haplotypes were shared among at least five
populations (Hapl, Hap3 and Hap5). The difference between the haplotypes was only one
mutation (substitution), except for the haplotypes from exclusive pB-DNA that were
differentiated between three or four mutations, i.e. Hap4 and Hapl1. Finally, the uB-DNA
presented a sequence grouped to Hap2, which occurs in Cabo/PE and Manaus/AM
populations (Figure 2).

We identified one cluster presenting similarity with AflaSAT-1 in the assembly of
NGS dataset analysed under RepeatExplorer. This cluster represented 1.04% of the genome,
corresponding to the fourth most representative sequence in the genome of 4. flavolineata.
The cluster retrieved a total of 32 contigs and it was possible to recover only 19 entire
sequences of AflaSAT-1 besides truncated sequences, and, as we do not know if these
sequences is from A or B chromosomes we did not included the sequences in our analysis.
Unexpectedly, in a few contigs were found a distinct sequence containing 242 bp long besides
the presence of AflaSAT-1. Such sequence was named AflaSAT-2. For this repeat we
recovered ten entire sequences, and some truncated repeats. In the recovered contigs two
arrangements were noticed, only the AflaSAT-1 and AflaSAT-1 plus AflaSAT-2, but never

the AflaSAT-2 alone.

Chromosome distribution and copy number variation of AflaSAT-1 in populations of A.

flavolineata
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The FISH using AflaSAT-1 and AflaSAT-2 probes in individuals from Rio Claro/SP
revealed large pericentromeric blocks in all chromosomes with blocks varying in size, but just
pair 11 that did not presented signals (Figure 3a-d). The B chromosome showed a small signal
in the centromeric region (Figure 3e,f). These two sequences were interglimed each other, as
observed in experiments of fiber-FISH (Figure 3g). The association of AflaSAT-1 and
AflaSAT-2 was also observed in the sequences retrieved from sequenced genome forming a
composed unit.

At populational point of view the chromosomal distribution for AflaSAT-1 was
identical in individuals from Rio Claro/SP and in individuals from Sta. Barbara do Pard/PA
(Figure 4a). In the other populations slightly variation was noticed, i.e. in Cabo/PE the pair 1
did not presented signal and the pair 11 presented small positive signal (Figure 4b), while
individuals from Posadas/AR presented signals in all chromosomes (Figure 4c).

Copy number variation of AflaSAT-1, through qPCR, was observed. Males without
and with one B chromosome from Rio Claro/SP showed differences, with the individuals
harboring B chromosome presenting higher copy number, as expected. Females from Rio
Claro/SP also presented higher copy number, which is attributed to the presence of two copies
of X chromosome. Individuals from Cabo/PE presented lower number of copies, while
individuals from Santa Barbara do Pard/PA presented similar number of copies in comparison
to Rio Claro/SP. Finally individuals from Posadas/ AR presented higher number of copies
(Figure 5). The high standard deviations, considering the absolute copy number quantification
indicate that the copy number of AflaSAT-1 is very unstable and variable individually

(Supplementary material 2).

Occurrence of AflaSat-1 in other grasshopper species
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Among the six species in which the presence of AflaSAT-1 was tested through dot
blot none revealed positive signals. Positive hybridization was restricting to genomic DNA
from A. flavolineata. However, through PCR amplification the AflaSAT-1 monomer was
noticed for A. dilecta, V. rugulosa and R. bergi, confirmed through sequencing of PCR

products for each species (Supplementary material 3).

Transcriptional activity of AflaSAT-1

RT-PCR analysis revealed that AflaSAT-1 is transcriptionally active in all tested
distinct organs tissues of male and female adults, like in both embryos and nymphs. The 1B
male individuals also presented transcriptional activity for AflaSat-1. In all cases it was
evidenced by bands corresponding to monomers and tetramers of AflaSAT-1 DNA (Figure
6). The sequencing of monomer from randomly selected samples confirmed the specific

transcriptional activity of AflaSAT-1.

Discussion
AflaSAT-1 organization and evolution in A chromosomes of Abracris flavolineata

The description of satDNA families has been restricted to 12 grasshopper species,
most of them Acrididae members. The representativeness of AflaSAT-1 in A. flavolineata
genome is low, i.e. 1.04%, being the fourth most abundant repetitive DNA, according to the
RepeatExplorer analysis. In other grasshopper species the abundance of distinct satDNA
families is variable, like in Schistocerca gregaria with distinct satDNA families representing,
for example, about 18% (SG1), 12% (SG2-alfa) and 0.22% (SG3) (Camacho et al. 2015); and
in Locusta migratoria that presents variation in quantity for satDNA families from 0.98% to

0.00002% in genome of Southern individuals (Ruiz-Ruano et al. 2016b). But it is common
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that the distinct satDNA repeats represent less than 1% for grasshopper genomes, like in L.
migratoria and E. monticola (Ruiz-Ruano et al. 2016a,b).

As expected, the general chromosomal distribution of AflaSAT-1 is coincident with
pericentromeric heterochromatin a common pattern among eukaryotes and extensively
noticed in grasshoppers, like in Eyprepocnemis plorans (Lopez-Ledn et al. 1995),
Dociostaurus genei (Rodriguez et al. 1996), Schistocerca gregaria (Camacho et al. 2015), L.
migratoria (Ruiz-Ruano et al. 2016b) and E. monticola (Ruiz-Ruano et al. 2016a).

The occurrence of another satDNA, i.c. AflaSAT-2, with the same distribution of
AflaSAT-1 indicate a more complex structure. This complex structure is corroborated by the
occurrence of two types of arrangements in A. flavolineata genome, similar to described in
Drosophila buzzatii for pPBuM-1 and pBuM-2 satDNA subfamilies (Kuhn et al. 2008). Other
studies describe the same pattern for satDNA subfamilies with high homology in different
species, like Tribolium madens (Zini¢ et al. 2000), Nasonia vitripennis (Reed et al. 1994) and
also for non-homologous satDNAs subfamilies as noticed here, like in some Drosophila
species (Kuhn et al. 2009), rye (Alkhimova et al. 2004) and rodent species (Pago et al. 2015).

Our interspecies analysis, using a combination of dotblot and PCR, revealed that
AflaSAT-1 is not specific from A. flavolineata, because it was recovered from the genomes of
other three species through PCR, although the dotblot did not revealed positive hybridization.
It indicates that although it is not species-specific, AflaSAT-1 is in low copy number in the
genomes A. dilecta, V. rugulosa and R. bergi, and it was highly amplified in the genome of 4.
flavolineata, generating the clustered organization. The possibility of no positive dotblot
signals due to divergence between sequences among the distinct species is discarded because
the sequencing of PCR products revealed almost no mutations between them. The sharing of
AflaSAt-1 and its location on chromosomes with distinct species is according to the “library

hypothesis” in which phylogeneticaly related species share satDNAs families, that could be
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stochastically amplified or not in the diverging lineages (Fry and Salser 1977). Considering
that R. bergi belongs to the subfamily Melanoplinae and A. flavolineata, A. dilecta and V.
rugulosa belong to Ommatolampidinae and all share the AflaSAT-1 the origin of this satDNA
occurred in a common ancestor before the divergence of the two subfamilies, that remits
about less than 73 mya, that correspond to the time of origin of Acrididae (Song et al. 2015).
Recently the most comprehensive comparison between the satellitome of two other
grasshopper species, i.e. L. migratoria (Acrididae) and E. monticola (Pamphagidae), revealed
that the lifespan of satDNA library is shorter than about 100 mya, that correspond to the most
recent common ancestor between Acrididae and Pamphagidae (Ruiz-Ruano et al. 2016a). Our
result is according with this lifespan, and that the divergence between satDNAs libraries is
variable in Acridade, considering that the AflaSAT-1 was found in some species, depending
from the subfamily, but not in other ones. The specific lifespan could be tested only when the
diverging time between Acrididae subfamilies are available.

Molecular analysis of AflaSAT-1 showed a relative low variability for the sequences
and between populations almost no distinction was noticed, similar to documented in other
species, that not present any populational specific profile (Bachmann et al. 1994; Lorite et al.
2002; Kuhn and Sene 2004; Feliciello et al. 2011; Vieira et al. 2014). It is in accordance with
concerted evolution model for homogenization repeats at intragenomic level. On the other
hand, chromosomal variability was noticed for cluster number, size, distribution and
abundance of repeats, depending of the population. The variation of hybridization signals of
AflaSAT-1 between populations indicates that a random expansion (or contraction) of the
satDNA may be occurring, generating different patterns in distinct population independently
of geographic location. Variation related to the satDNA mapping also showed differences
among populations of the frog Physalaemus cuvieri suggesting a high rate of amplification or

deletion mutational events (Vittorazzi et al. 2014), as in the grasshopper Eyprepocnemis
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plorans (Cabrero et al. 2013). As expected, the higher or lower number of chromosomal
clusters for AflaSAt-1 in the different populations were also followed by the increase or
decrease of AflaSAT-1 copy number, corroborating the dynamic of amplification and deletion
of repeats. This copy number change could be induced by several events, like unequal
crossing-over, slippage replication, extrachromosomal circular DNA and rolling-circle, which
are common for repetitive DNAs (Charlesworth et al. 1994; Ma and Jackson

2006; Navratilova et al. 2008).

AflaSAT-1 and its relationship with the B chromosome

Among grasshoppers the characterization of satDNA in B chromosomes was reported
in a few species as Eyprepocnemis plorans (Lopez-Ledn et al. 1994) and Eumigus monticola
(Ruiz-Ruano et al. 2016a). In A. flavolineata, the DNAsat AflaSAT-1 did not revealed clues
concerning the origin of the B chromosome, due to its occurrence in almost all centromeres of
A complement. However, this satDNA helped to understand the composition and evolution of
the B chromosome. Distinct studies revealed the absence of C-positive blocks (Bueno et al.
2013; Milani and Cabral-de-Mello 2014) and the occurrence of distinct sequences shared with
the euchromatic regions of A complement, remarkably mobile elements and the anonymous
sequences obtained from microdissected B chromosome (Palacios-Gimenez et al. 2014;
Menezes-de-Carvalho et al. 2015). The sequences enriched in heterochromatin of A
complement that occurs in the B chromosome are restrict to small signal in centromeric
region, as described here for AflaSAT-1 and the Cot-1 DNA (Bueno et al. 2014). These data
together suggests that in the B chromosome of A. flavolineata the sequences with
heterochromatic nature were not amplified, as it is frequently observed in other species

(Houben et al. 2014) and in this chromosome probably remains some unknown euchromatic
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sequences. The investigation of genes and other satDNAs should be conducted to have a more
precise picture about this scenario.

Despite the low variability between the populations, molecular analysis of AflaSAT-1
from the microdissected B chromosome revealed exclusive mutations, higher number of
variable sites and number of mutations in this chromosome. The higher sequence variability
in B chromosomes in comparison to A complement is commonly reported and it is attributed
to the higher tolerance of mutations due to its dispensable nature (Camacho 2005). Similar
data was also observed for other types of repetitive DNAs, like histone genes and 18S rRNA
gene in the grasshopper L. migratoria (Teruel et al. 2010) and in the fish Astyanax paranae
(Silva et al. 2014). However, in E. plorans two distinct sequences (satDNA and 45S rDNA)
and in A. flavolineata the U2 snDNA, revealed different homogenization patterns with high
similarity between A and B chromosomes (Teruel et al. 2014; Menezes-de-Carvalho et al.
2015). The higher sequence variability in B chromosomes would means the presence of
mechanisms that stimulate new satDNA sequences to the B chromosome of 4. flavolineata.
The sequence variability discrepancy observed for the two repetitive DNAs present in the B
chromosome of A. flavolineata suggests that the B chromosome do not governs alone the
evolutionary fate for the sequences that are on it, leading to accumulation or not of mutations,

but it will depends also for the possible role of the sequence in the genome.

AflaSAT-1 is transcriptionally active satellite sequence

Despite transcriptional activity of satDNAs was not expected for long a while,
satDNA transcripts were reported in distinct eukaryotes, suggesting that satellite transcription
might be a common placement (Plohl et al. 2008). These repetitive sequences have several
roles related to the regulation of heterochromatin acting by several processes, as for an

example, as precursors of small interfering RNAs (Ugarkovi¢ 2005). Among insets, satDNA
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transcription has been described generally in species from Hymenoptera, Orthoptera, Diptera
and Coleoptera (reviewed by Pezer et al. 2011), besides in the Lepidoptera Cydia pomonella
(Véchtova et al. 2016).

AflaSAT-1 has constitutional transcriptional activity, suggesting an unknown
biological role. Regulatory roles for satDNAs was suggested in some insects, with differential
transcription occurring related to different developmental-stages, tissue-specific and also in
different sexes (Lorite et al. 2002; Rouleux-Bonnin et al. 2004; Ugarkovi¢ 2005). In
Drosophila, it was reported that satDNA might be involved in centromere function, chromatin
silencing and modulation, heterochomatin formation and regulation of genes linked to sex
chromosomes (Kuhn 2015). In 4. flavolineata the possible differential transcription rate
should be checked for distinct tissues, besides in the presence of the B chromosome that do

not inhibits, at least entirely, the AflaSAT-1 transcription.
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Tables
Table 1. Polymorphisms of AflaSAT-1 in distinct populations of 4. flavolineata and from uB-

DNA.

Figure captions

Figure 1. Agarose gel electrophoresis (a) genomic DNA (gDNA) (1) and the same gDNA
digested with HindlIl (2); (b) result of amplification of AflaSAT-1; (c) sequence of the
monomeric unit of AflaSAT-1. In (a,b) L corresponds to 1Kb plus marker and asterisk

indicate the monomere, dimere and trimer. The arrows in (c¢) show the internal primers.

Figure 2. Haplotype network for the eleven haplotypes and their relationship from sequences
of AflaSAT-1 obtained from distinct populations. Black dots correspond to substitutions and
the haplotype circle diameter corresponds to abundance. The distinct populations are

represented in distinct colors.

Figure 3. FISH in mitotic embryo chromosomes (a-f) and in distended chromatin fiber (g) of
AflaSAT-1 and AflaSAT-2 satDNAs in individuals without (a-d,g) and with one B
chromosome (e,f). Arrows in (c,e,f) show the pair 11 and arrowhead in (e,f) the B
chromosome. In (e,f) the B chromosome is highlighted in a inset. Each probe is indicated

directly in the panel. Bar =5 um.

Figure 4. Chromosomal location of AflaSAT-1 in three distinct populations of A.
flavolineata. (a) Sta Barbara do Pard/PA, (b) Cabo/PE and (c) Posadas/AR. The X
chromosome is indicated and the arrows point the pair 11. In (b) the largest chromosome,

chromosome 1, is also indicated.
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Figure 5. Relative quantification of AflaSAT-1 from distinct populations of 4. flavolineata in
comparison to Rio Claro/SP 0B male individuals. (1) Rio Claro/SP male 0B, (2) Rio Claro/SP
male 1B, (3) Rio Claro/SP female 0B, (4) Cabo/PE male 0B, (5) Sta Barbara do Pard/PA male

0B, (6) Posadas/AR male 0B.

Figure 6. RT-PCR electrophoresis of AflaSAT-1 using as template cDNA obtained from
distinct tissues, nymph and embryo. he = head, gc = gastric caecum, tes = testis, leg =

saltatory leg, nym = nymph, emb = embryo, C- = negative control.

Supplementary files

Supplementary file 1. Neighbor joining tree analysis for AflaSAT-1 obtained from distinct
populations and from uB-DNA. The sequence database is the same used to obtain the data
presented in figure 2. The color key for distinct populations is the same used in figure 2, green
= Rio Claro/SP 0B, red = pnB-DNA, blue = Manaus/AM, yellow = Paranaita/MT, purple =
Cabo/PE, orange = Sta Barbara do Pard/PA, brown = Posadas/AR. Note the occurrence of a

separate clade containing the sequences recovered from pB-DNA.

Supplementary file 2. qPCR data of gDNA used to calculate the sequence dose by Ct method
of relative quantification (Nguyen et al. 2013). Gene dosage ratios (GDR) of the target genes

were compared with autosomal gene Hsp70.

Supplementary file 3. (a) Dot blot analysis, (b) PCR electrophoresis of AflaSAT-1 and (c)

Nucleotide alignment of positively amplified AflaSAT-1 fragments. Af = Abracris
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flavolineata, 1 = A. dilecta, 2 = Vilerna rugulosa, 3 = Ronderosia bergi, 4 = Schistocerca

pallens, 5 = Amblytropidia robusta, 6 = Eumastusia koebelei koebelei.



Table 1. Polymorphisms of AflaSAT-1 in distinct populations of A. flavolineata and from pB-DNA.

Number of sequences
Number of haplotypes
Number of sites
Number of variable sites
Number of mutations
G+C proportion
Nucleotide diversity ()
Standard deviation ()

Haplotype diversity (Hd)

Rio Claro/SP
0B gDNA
15
4
137
4
4
44,5%
0,00876
0,00204

0,600

Rio Claro/SP
uB-DNA
10
3
137
7
6
44,6%
0,01217
0,00725
0,511

Manaus/AM

12
5
137
5
5
44,3%

0,01615
0,00211

0,833

Paranaita/M
T

11
3
137
3
3
44,3%
0,01035
0,00172
0,655

Cabo/PE

11
5
137
5
5
45,0%
0,01859
0,00187

0,855

Sta Barbara do
Para/PA
10
3
137
3
3
44.5%
0,01071
0,00165

0,689

Posadas/AR

10
4
137
4
4
44,5%
0,01184
0,00255
0,644

52

All

79
11
137
10
10
44,5%
0,01951
0,00141
0,845
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Supplementary material S2.

Sample Target Ct Ct Mean GDR
RCmaleOB-1 Hsp70 33.7905693 33.7081528
RCmale0B-1 Hsp70 33.6257362 304891579
RCmale0B-1 SAT 5.48640203 5.52443171
RCmale0B-1 SAT 5.56246138
RCmale0B-2 Hsp70 34.1192551 34.0144043
RCmale0B-2 Hsp70 33.9095535 636693754
RCmale0B-2 SAT 4.81726694 4.76837993
RCmale0B-2 SAT 4.71949291
RCmale0B-3 Hsp70 33.3044014 33.5037003
RCmale0B-3 Hsp70 33.7029991 469686752
RCmale0B-3 SAT 4.50689697 4.6965766
RCmale0B-3 SAT 4.88625622
RCmale0B-4 Hsp70 33.8142281 33.8960285
RCmale0B-4 Hsp70 33.977829 305477982
RCmale0B-4 SAT 5.90988541 5.70953536
RCmale0B-4 SAT 5.50918531

RCfemale0B-1

34.6044159

34.6857243

RCfemale0B-1 Hsp70 34.7670326 548463680
RCfemale0B-1 SAT 5.80280685 5.65490341
RCfemale0B-1 SAT 5.50699997

RCfemale0B-2 Hsp70 35.036396 35.1127872
RCfemale0B-2 Hsp70 35.1891785 672860519
RCfemale0B-2 SAT 5.73476648 5.78705502
RCfemale0B-2 SAT 5.83934355

RCfemale0B-3 Hsp70 35.8085899 35.5810471
RCfemale0B-3 Hsp70 35.3535042 987572105
RCfemaleOB-3 SAT 5.75750351 5.70173621

60



RCfemaleOB-3 SAT 5.64596891

RCfemaleOB-4 Hsp70 34.2170486 34.4179115
RCfemaleOB-4 Hsp70 34.6187744 651266463
RCfemaleOB-4 SAT 5.19220257 5.13923883
RCfemaleOB-4 SAT 5.0862751

PEmaleOB-1 Hsp70 34.6948624 34.6018238
PEmale0B-1 Hsp70 34.5087852 313695921
PEmaleOB-1 SAT 6.45853186 6.37703228
PEmaleOB-1 SAT 6.2955327

PEmale0B-2 Hsp70 34.1072731 34.1964455
PEmale0B-2 Hsp70 34.2856178 350696380
PEmale0B-2 SAT 5.91307592 5.81079817
PEmaleOB-2 SAT 5.70852041

PEmale0B-3 Hsp70 34.1752968 34.1862106
PEmale0B-3 Hsp70 34.1971245 562225303
PEmale0B-3 SAT 5.24635935 5.11963749
PEmaleOB-3 SAT 499291563

PEmale0B-4 Hsp70 35.0756569 34.7389107
PEmaleOB-4 Hsp70 34.4021645 371231986
PEmaleOB-4 SAT 6.28755903 6.27116489
PEmale0B-4 SAT 6.25477076

PAmale0B-1 Hsp70 34.828186 34.7295418
PAmaleOB-1 Hsp70 34.6308975 437388335
PAmale0B-1 SAT 5.99807119 6.02520227
PAmaleOB-1 SAT 6.05233335

PAmaleOB-2 Hsp70 33.2278061 33.2214546
PAmale0B-2 Hsp70 33.2151031 273038873
PAmale0B-2 SAT 5.36251783 5.19692349
PAmale0B-2 SAT 5.03132915

PAmaleOB-3 Hsp70 33.6362915 33.6747322
PAmaleOB-3 Hsp70 33.7131729 455076465
PAmaleOB-3 SAT 491471338 4.91319847
PAmaleOB-3 SAT 4.91168356

PAmale0B-4 Hsp70 34.602108 34.7005825
PAmaleOB-4 Hsp70 34.799057 564035832
PAmaleOB-4 SAT 5.71513987 5.62937093
PAmale0B-4 SAT 5.54360199




GDR Mean SD

429187516.9  158590200.9

) :
i) e

RC-female_0B 7150406919  189620314.9
PE-male_0B 399462397.4  111089652.4
PA-male_OB 432384876.5  120087559.2
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Abracris flavolineata
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5. CONCLUSOES FINAIS

O compartilhamento do AflaSAT-1 com pelo menos mais trés espécies de gafanhotos
estd de acordo com a “hipdtese da biblioteca de DNAsat”, indicando um possivel
ponto de origem para esta sequéncia antes da divergéncia das subfamilias

Ommatolampidina e Melanoplinae;

a discrepancia de variabilidade observada para os dois DNAs repetitivos presentes no
cromossmo B (AflaSAT-1 e U2 snDNA) sugere que esse cromossomo ndo governa
sozinho o destino evolutivo das sequéncias que abriga, conduzindo a acumulagdo ou

ndo de mutagdes dependendo também da possivel fungdo da sequéncia no genoma;

o DNAsat AflaSAT-1 sofreu processos de expansdo ou eliminagdo
interpopulacionalmente, causando diferengas no numero de clusters cromossdmicos e

copia desta sequéncia;

a observacgdo de distintos arranjos dos satélites AflaSAT-1 e AflaSAT-2 pela anélise
gendmica estrutural e fisica, indicam uma estrutura mais complexa para este tipo de
sequéncia no genoma de A. flavolineata, o qual foi também relatado para outros

nsetos;

os dados obtidos da andlise cromossdmica, juntamente com outros trabalhos ja
publicados mostraram que o cromossomo B de A. flavolineata ndo apresenta
amplificacdo de sequéncias heterocromaticas, diferentemente do comumente
observado para outras espécies. Isso sugere que este cromossomo pode provavelmente

abrigar sequéncias eucromaticas e possivelmente genes;

a constitutiva atividade transcricional de AflaSAT-1 notada nos distintos tecidos de
adultos, e em distintas fases de desenvolvimento, além de individuos abrigando

cromossomo B, sugere um possivel papel bioldgico.
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