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RESUMO

O numero modal de cromossomos entre os Dipteros Muscoideos é 2n=12, sendo
cinco autossomos € um par de cromossomos sexuais geralmente heteromoérficos. No
entanto, ja foram descritas algumas espécies, todas pertencentes a familia Muscidae,
apresentando apenas cinco pares de cromossomos. Examinamos algumas espécies de
Muscidae pertencentes a diferentes subfamilias, além de espécies de outras familias a
ela relacionadas, como Calliphoridae e Sarcophagidae, quanto & presenga ou nio do
par heteromorfico, na tentativa de corroborar a hipdtese de perdas independentes nos
diferentes grupos Além disso, uma vez que parece haver uma relagdo de NORs e /ou
regides heterocromaticas bandas C positivas com cromossomos sexuais, identificamos
estas duas regides cromossémicas atraves de bandamento C e hibridagdo in sifu, para
localizar NOR.. Os cromossomos sexuais estio presentes nos Muscideos Ophyra
chalcogaster  (subfamily  Azeliinae), Symthesiomyia nudiseta  (subfamilia
Reinwardtiinae), e Musca domestica (subfamilia Muscinae); nos Califorideos
Chrysomya putoria e C. megacephala e no Sarcofagideo Pationella intermutans. As
espécies Muscina stabulans (subfamilia Reinwardtiinaey e Haematobia irritans
(subfamilia Muscinae) fazem parte dos Muscideos considerados excegdes. Ha
consideravel diferenga com relagdo ao tamanho dos cromossomos sexuais, que sdo
muito pequenos em O. chalcogaster, médios em M. domestica e espécies de
Chrysomya e muito grandes em S. nudiseta e Pattonella intermutans. A NOR esta
localizada no par Il de M. stabulans e M. domestica, no par 1ll de S. nudiseta, no par
IV de P. intermutans e nos cromossomos sexuais de C. putoria ¢ C. megacephala.
Nas espécies onde as NORs estdo localizadas nos autossomos {com excegio de M
domestica) ha uma coincidéncia destas com bandas intercalares de heterocromatina
constitutiva. Uma vez que NORs em dipteros estio normalmente associadas aos
cromossomos sexuais, o fato de estarem localizadas nos autossomos de algumas
espécies podenia ser interpretado como um passo intermedidric na evolugdo
cariotipica, onde algumas seqiiéncias do genoma, no casc a NOR, poderiam ter
mudado para 0s autossomos evitando danos no caso de rearranjos cromossdmicos.
Este estudo forneceu resultados interessantes que parecem concordar com a hipétese
de que na evolugdo dos cromossomos sexuais dos diferentes grupos possam ter
ocorrido perdas independentes destes cromossomos, € nfio uma origem comum a
todos eles. As espécies da familia Muscidae aparentemente estio num processo mais
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adiantado na evolugdo dos cromossomos sexuais, apresentando grande variagdo de
tamanho destes cromossomos entre diferentes espécies, encontrando-se desde
cromossomos muito grandes até pequenos pontos, 0 que sugere que partes destes
cromossomos foram se fundindo com os autossomos ou sendo perdidas. Além disto,
0s cromossomos sexuais sdo heterocrométicos em todas as espécies estudadas e a
NOR esta localizada nos autossomos. Patfonella intermutans possui grandes
cromossomos sexuais totalmente heterocromaticos e a NOR também esta localizada
nos autossomos. J4 as espécies de Calliphoridae por nés estudadas, parecem estar em
um processo intermediario, onde 0s cromossomos sexuais ainda n3o apresentam-se
totalmente heterocromaticos e as NORs estfo localizadas nestes cromossomos e ndo

oS autosSsomaos.
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ABSTRACT

The chromosome modal number in Muscoidea Diptera is 2n=12: five pairs of
autosomes and one sex chromosome pair. Nevertheless, some species with 2n=10
chromosomes have been described, all of them from the Muscidae family. We analyzed
the karyotype of some species of Muscidae from different subfamilies, as well as some
species from the related families, Calliphoridae and Sarcophagidae, for the presence or
absence of heteromorphic chromosomes. Besides, once there is a relation between
NOR(s) and heterochromatin with sex chromosomes, we also investigated these
regions through FISH (fluorescent iz situ hybridization) for NOR and C banding for
heterochromatin localization. Sex chromosomes are present in the Muscidae species:
Ophyra chalcogaster (subfamily Aczeliinae), Synthesiomyia nudiseta (subfamily
Reinwardtiinae), and Musca domestica (subfamily Muscinae); in the Calliphoridae
flies: Chrysomya putoria and C. megacephala, and in the Sarcophagidae Pattonella
intermutans. Muscina stabulans (subfamily Reinwardtiinae) and Haematobia irritans
(Subfamily Muscinae) are exceptions among Muscidae, since they lack sex
chromosomes. There is a considerable variation on the length of sex chromosomes
among the different species. Sex chromosomes are very short in O. chalcogaster,
medium-sized in M. domestica and Chrysomya species and very long in S. rudiseia
and P. intermutans. NOR is located on pair Il of Mu. stabulans and M. domestica, on
pair III of S. nudiseta, on pair IV of P. intermutans and on sex chromosomes of C.
putoria and C. megacephala. There was a coincidence in the location of NOR and
interstitial C bands in the species in which NORs are located in the autosomes (except
M. domestica). Usually in Diptera NORs are associated with sex chromosomes,
therefore NORs located in autosomes may suggest an intermediary step in the
chromosome evolution of that group where some sequences of the genome, such as
NOR(s), could be moved from sex to autosome chromosomes, avoiding serious
damage to the genome if parts of sex chromosomes are lost. The Muscidae species
apparently are m a more advance stage in the evolution of sex chromosome. There is a
great variation n the length of sex chromosomes in the studied species, suggesting
that parts of these chromosomes were lost or fused with the autosomes. Moreover, in
all the Muscidae investigated the sex chromosomes are heterochromatic and NOR(s)
are located in the autosomes. Partonella intermutans has long sex chromosomes, that
are totally heterochromatic and NOR is also located in the autosomes. The
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Calliphoridae species studied in this work, seem to be in a intermediate stage, with
NOR located in the sex chromosomes, which are not totally heterochromatic.



1. INTRODUGCAO

1.1. Cromossomos sexuais e determinacio do sexo

O interesse pelos mecanismos de determinacio do sexo teve inicio por volta
de 1900 com a redescoberta da genética Mendeliana. Nesta época foram realizados os
primeiros estudos citologicos descrevendo os cromossomos sexuais (Revisdo BULL,
1983).

Na maioria dos animais com mecanismos genéticos de determinagio do sexo,
os dois cromossomos que carregam estes genes diferem entre si pelo tamanho, pela
forma e por propriedades de coloracio. Nos mamiferos e em muitos insetos, machos
normalmente possuem um par de cromossomos sexuais heteromdrficos {(XY),
enquanto fémeas mostram um par de cromossomos iguais (XX). Normalmente, mas
nem sempre, 0 Y € menor que o X. Em aves e lepidopteros a situacdo é contraria:
fémeas possuem sexo heterogamético e freqiientemente tém cromossomos sexuais
heteromérficos (ZW), enquanto que os machos apresentam um par de cromossomos
morfologicamente idénticos (ZZ). Peixes, anfibios, répteis e varios grupos de
invertebrados apresentam ora machos ora fémeas heterogaméticos, embora
heterogametia nem sempre esteja acompanhada por cromossomos sexuais
heteromoérficos (Revisdo BULL, 1983).

Onde os cromossomos sexuais sdo claramente heteromorficos, o
cromossomo Y (ou W) tem poucos dos genes encontrados no cromossomo X (ou Z),
sdo parcial ou totalmente heterocromaticos e mostram replicagdo tardia (Revisdo
JABLONKA & LAMB, 1990).

Nem todos os organismos com sexo separados tém Cromossomos sexuais
heteromorficos, e € encontrada uma variedade de espécies onde ndo ¢ reconhecido
morfologicamente qualquer cromossomo sexual. Ha Organismos com enormes
modificagdes nos cromossomos sexuais, ou que apresentam mecanismos mais
complexos envolvendo varios cromossomos (SUMNER, 1990).

O fato de alguns organismos ndo exibirem cromossomos sexuats, evidencia
que estes Cromossomos, por si, ndo sfo essenciais para a determinagio do sexo, mas
sim, que existem contelidos génicos especificos que estdo relacionados com o sexo.
Portanto, em alguns organismos, os genes ligados ao sexo estio localizados em



consSpicuos Cromossomos sexuais, enquanto que em outros, os genes ligados ao sexo
estdo abrigados nos autossomos. Por que existe tal diferenca? Para responder a esta
pergunta € necessario se conhecer os genes relacionados com a determinagio do sexo,
e nem sempre isto € uma tarefa facil (ALBERTO, 1989).

A diferenciagio dos cromossomos sexuais ocorre pela perda de
recombinac¢do entre os dois cromossomos, nos cromossomos inteiros ou, pelo menos,
em um segmento. Diferencas entre seqiiéncias homologas nos dois cromossomos sio
sinais iniciais de diferenciacdo (TRAUT, 1994). Perda de fungdo genética, invasio de
transposons e blocos de replicagdo tardia (SCHEMPP & SCHMID, 1981; ITURRA &
VELOSO, 1989) e bruscas mudancgas morfologicas sio formas de diferenciacio
(TRAUT, 1994) e caracterizam estagios avangados da evolugdo do Y e do W (BULL,
1983; CHARLESWORTH, 1991).

Porém, o heteromorfismo dos cromossomos X ¢ Y (ou Z ¢ W) parece nio
ser uma diferenga primaria entre autossomos € Cromossomos sexuais: em uma série de
organismos fol possivel reconstruir a provavel evolugio dos cromossomos sexuais de
elementos aparentemente iguais para aqueles claramente heteromorficos. Entdo,
parece que o heteromorfismo € uma conseqiiéncia, geralmente tardia, de
especializagdes dos cromossomos sexuais (ALBERTO, 1989).

Parece claro para alguns autores que o heteromorfismo dos cromossomos
sexuais tenha evoluido independentemente muitas vezes. A idéia mais aceita é que
originalmente, em muitas linhagens, os cromossomos sexuais “ancestrais” foram
morfologicamente idénticos. O sexo era determinado por um simples gene com dois
alelos, a homozigosidade determinava o desenvolvimento de um sexo, enquanto a
heterozigozidade conduzia a outro (DARLINGTON, 1958; OHNO, 1967; BULL,
1983).

De acordo com BULL (Revisdo, 1983) e outros, a evolucdo das diferencas
morfologicas entre cromossomos sexuais inicialmente homomorficos envolveu dois
processos: (1) a supressdo parcial ou completa de crossing-over entre os dois
cromossomos homologos nos sexos heterogaméticos (XY ou ZW), seguido por, (II)
degeneracgdo funcional do cromossomo Y {ou W).

As importantes conseqii€éncias da supressio do crossing-over entre 0s
CTOMOSSOMOS Sexuais nos sexos heterogaméticos foram primeiro apontadas por



MULLER (1914; 1918). Ele sugeriu que, se ndo hi crossing-over nos machos
heterogaméticos, o cromossomo Y poderia acumular mutacSes deletérias recessivas
pois ndo haveria oportunidade destas mutagdes tornarem-se homozigotas e serem
eliminadas. BULL (Revisdo, 1983) sugeriu que a hipétese mais plausivel para explicar
a situacfio descrita acima € que, se existem alelos ligados ao sexo que tém efeitos
opostos sobre o fitness nos dois sexos, ha uma vantagem seletiva na diminuicdo da
recombinagio entre os loci de determinagio do sexo e estes genes.

Uma vez que a recombinacio entre 0s cromossomos sexuais € reduzida em
sexos heterogaméticos, ha muitos mecanismos que poderdo contribuir para a
degeneracdo funcional do cromossomo Y (ou W). Por exemplo, foi sugerido que a
recombinagdo desempenha importante papel no reparo de defeitos genéticos e
epigenéticos no DNA, ¢ na eliminagio de DNA “selfish” da linhagem germinativa
(BERNSTEIN, 1977, MARTIN, 1977, HOLLIDAY, 1984; BENGTSSON, 1985
ETTINGER, 1986). Entdo, mudangas na freqiiéncia de recombinagio podem afetar a
taxa de mutacgio e acumular DNA mutado. Se isto for verdade, a reduc@io na
freqiiéncia de recombinag¢do nos sexos heterogameéticos poderia levar a um rapido
acumulo de mutagdes deletérias e danos no DNA do cromossomo Y (ou W) porque
ele inteiro ou parte dele passa de gera¢do para geracdo com oportunidade reduzida de
reparo na recombinacéo.

TRAUT (1994) concluiu que o evento inicial da evolugdo dos cromossomos
sexuais teria sido a propria aquisigdo da funcdo de determinaciio do sexo. Qutro
requisito teria sido a ligacfo desta regido com a seqiiéncia de determinagdo do sexo.
Acredita-se que a evolugdo da supressio do crossing seja promovida por genes
sexualmente antagbnicos aos cromossomos sexuais (RICE, 1987). Como as trocas sdo
suprimidas, os cromossomos X e Y (ou Z ¢ W) evoluem separadamente, acumulando
diferencas moleculares e estruturais. Sob a protecfio da heterozigozidade nos sexos
heterogaméticos, os genes do cromossomo Y (ou W) podem tornar-se inativos por
mutacdes sem muita perda para o portador (MULLER, 1918). Uma vez que n&o ha
reparos atraves da recombinag@o, o processo n#o € reversivel. Assim, além de tornar-
se diferente, o cromossomo Y (ou W) tende a perder seu contetido de informagdes,
por degeneragio, com excegdo de suas fungdes sexo-especificas como a determinagio
do sexo efou fertilidade (TRAUT, 1994).



Sgo conhecidos alguns casos, tanto em vertebrados como em invertebrados,
onde os cromossomos sexuais sdo morfologicamente indistinguiveis. Por exemplo, em
algumas espeécies de salamandras do género Triturus, que tem um sistema XY, as
diferengas entre os cromossomos sexuais nas células somaéticas pode(m) ser
reconhecida(s) somente pela técnica especifica para detectar heterocromatina
constitutiva que revela mais heterocromatina no cromossomo Y. Do mesmo modo, na
espécie de peixe Poecilia sphenops, o cromossomo W da fémea € estruturalmente
indistinguivel do Z, mas tem um grande segmento terminal de heterocromatina (HAFF
& SCHMID, 1984). HAGELE (1985) mostrou que em Chironomus thummi thummi
(Chironomidae), onde os cromossomos mitéticos sdo idénticos para ambos 0s sexos,
uma das bandas nos cromossomos politénicos de machos é heterocromatica.
TROIANO (1988) demonstrou que em um outro diptero, Clogmia albipunctata
(familia Psychodidae) os cromossomos mitéticos dos machos sdo heterozigotos para
bandas C que ndo sdo encontradas nas fémeas.

Como discutido por JOHN (1988), nio estd claro se as diferengas
conformacionais entre homologos foram o primeiro passo na diferenciagio dos
Cromossomos sexuais, ou se s3o conseqiiéncias secundarias de algum outro evento
iniciador, tal como supressio de recombinagio ou um rearranjo. Bandas de
heterocromatina constitutiva do tipo das descritas acima, estdio normalmente
associadas com a presenca de seqii€ncias altamente repetitivas que sio consideradas
como responsaveis por sua “coloragio” diferencial (Revisdo JABLONKA & LAMB,
1990). Mas, alguns autores acreditam que seqiiéncias repetitivas sio geralmente
adquiridas ap0s deteriorag@o de uma regiio (CHARLESWORTH, 1978).

Segundo ALBERTO (1989) a incorporagiio da heterocromatina inerte pode
representar urn fendmeno inicial neste processo de especializagio dos cromossomos
sexuais. Como mostrado em alguns peixes, anfibios e répteis, o ganho de
heterocromatina constitutiva pode ser um passo intermediario no desenvolvimento de
cromossomos sexuais completamente heteromorficos.

MULLER (1932) também prop6s um modelo que diz que cromossomos
sexuais morfologicamente distintos evoluiram a partir de autossomos homomorficos
“normais”. OHNO (1967) e JOHN (1988) concordam com este autor e acreditam que
0 processo tipico no caminho para o heteromorfismo sexual € a progressiva
heterocromatiniza¢io de um dos dois cromossomos sexuais no sexo heterogamético.



O processo de heterocromatinizagio ¢ também observado quando seqiiéncias
de origem autossOmicas sio translocadas para o cromossomo Y (STEINEMANN,
1982). Durante este processo de heterocromatiniza¢fio, a seqiiéncia original suporta
mudancas drasticas, os genes degeneram-se em pseudogenes, a regiiio cromossomal
adquire varios tipos de elementos de transposi¢io e segmentos do DNA sdo
duplicados (STEINEMANN & STEINEMANN, 1992). No final deste processo um
dos dois cromossomos sexuais pode tornar-se heterocromatico, e os genes funcionais
podem ser drasticamente reduzidos € em casos extremos OS UMCOS genes que
permanecem funcionais sdo aqueles envolvidos na fertilidade, como € o caso de
Drosophila (Revisdo HENNIG, 1986).

Existem casos de espécies animais onde o Y nfo ¢ visivel como entidade
individualizada, tendo possivelmente sido perdido no curso da evolugdo; e esta perda
pode ter ocorrido através de fusdo com o X ou com algum autossomo. Em tais casos
o numero dipldide em um dos sexos € desigual, podendo-se assim, distinguir entre um
tipo XY:XX com X0O:XX (o0 O indicando a auséncia de Y).

Sdo conhecidos muitos casos onde o sistema de Cromossomos sexuais
X0:XX foi revertido para um XY:XX no curso da evolugdo. O caminho usual para
esta transformacao normalmente € através de fusGes céntricas entre um cromossomo
X acrocéntrico da forma X0O:XX e um autossomo acrocéntrico. Tais fusdes criam um
cromossomo denominado neo-X (WHITE, 1973).

Reversdes evolucionarias deste tipo sdo bastante estudadas em gafanhotos,
mas ja foram observadas também em outros organismos € podem ser encontradas na
maioria dos grupos onde ocorram cariotipos XO com X e autossomos acrocéntricos

(WHITE, 1973).

Uma vanedade de mecanismos de determinagdo do sexo ocorrem na ordem
Diptera. Parece que em muitas ocasides na filogenia desta ordem, um velho
mecanismo de determinagcio de sexo € substituide por um inteiramente novo,
freqiientemente incorporando um novo principio genético (WHITE, 1973).

Qs insetos da familia Tipulidae, considerados um dos grupos mais primitivos
de Diptera, em geral possuem cromossomos X ¢ Y nos machos que nfo pareiam na
meiose e sio, consequentemente, univalentes na primeira metafase (HENDERSON &
PARSONS, 1963). Dolichopeza albiceps, Tipula lateralis e T. marginata tém



CromossoImos sexuais grandes enquanto que em 7. flavolineata os cromossomos X e
Y sd0 muito pequenos.

O mecanismo de determinag&o de sexo nas moscas Calliphoridae foi estudado
por ULLERICH (1963). Todas as espécies por ele estudadas mostraram 6 pares de
cromossomos, incluindo um pequeno par, parcial ou inteiramente heterocromatico. Na
matoria das espécies este par consiste de cromossomos X de tamanho igual nas fémeas
e de um par XY desigual nos machos. Em Calliphora erythrocephala, Chrysomya
albiceps e Chrysomya rufifacies, o pequeno par sexual consiste de elementos de
tamanhos iguais em ambos os sexos. Em Calliphora erythrocephala este par perdeu
suas fungOes de determinacio de sexo que tém sido realizadas por um longo par, ou
seja, um par que era outrora autossdmico. A heterogametia dos machos ¢ conservada
e € incerto se a mudanga consistiu na translocagio de uma regido determinadora do
sexo ou na substituicdo de uma “velha” regido de determinagio do sexo por um
“novo” locus. Nestes casos o cromossomo heterocromatico de C. erythrocephala
deve ser considerado como um ex-cromossomo sexual.

Normalmente nas linhagens de M. domestica, as fémeas tém dois
cromossomos X e os machos um X e um Y. Ocasionalmente, um X pode estar ausente
nos dois sexos (fémeas XO; machos YO) ou pode estar presente um X extra (fémeas
XXX, machos XXY), machos ou fémeas com aneuploidias para o X sdo férteis de
acordo com a presenga ou auséncia do cromossomo Y, respectivamente. Isto sugeria a
época que o cromossomo Y determinaria machos enquanto que o X seria neutro
(MILANI, 1975).

Nos ultimos anos o mecanismo de determinagio do sexo em populagBes
naturais de Musca domestica tem sido extensivamente discutido. Prevalece a idéia do
mecanismo heterogamético padrdo, que envolve os cromossomos XY determinando
macho (KERR, 1961; HIROYOSHI, 1964, MILANI et al., 1967, WAGONER,
1969). Porém, j& foram encontradas em algumas partes do mundo populagdes com
mecanismos sexuais atipicos, onde tanto machos como fémeas sio XX e carregam
fatores determinantes sexuais autossdmicos masculinos (M) e algumas vezes femininos
(F), fatores estes que podem estar em diferentes autossomos (WAGONER, 1969;
RUBINI & FRANCO, 1972; HIROYOSHI & INOUE, 1979; TOMITA & WADA,
1989) ou no proprio cromossomo X (DENHOLM et al., 1983;1985).



Estudos cariotipicos mostraram que em populagdes de varias partes da
Europa, do Japio e algumas regides da América do Norte, mecanismos autossdmicos
de determinag@o do sexo estio rapidamente sendo disseminados, substituindo, assim,
o sistema heterossdmico normal (fémeas XX e machos XY) (FRANCO ef al., 1982).
Estas pesquisas sugerem que os fatores M e F podem ser invasores recentes que estdo
competitivamente substituindo o mecanismo XY ancestral.

FRANCO e colaboradores (1982) mostraram que tanto o tipo como a
freqiiéncia dos determinantes sexuais devem ser influenciados pelo clima, pela latitude
e/ou altitude, mas o mecanismo como isto ocorre ainda é desconhecido.

TOMITA & WADA (1989) sugeriram que, de um modo geral, a variagdo
geografica no sistema de determinacio do sexo em populacdes de M. domestica do
Japdo reflete o estado de transi¢io causado por invasbes de fatores determinantes
autossOmicos, mas a razio pela qual os genotipos ndo padrio sdo favorecidos pela
selecdo ainda € obscura.

O aparecimento dos fatores M e F ¢ também relacionado com a evolugio da
resisténcia a inseticidas em AMusca domestica (HIROYOSHI & FUKUMORI, 1978)
ou como conseqiéncia da forte ligacdo com genes de resisténcia (FRANCO et al,,
1982; BULL, 1983). Esta situagdo é sugerida pela relacio entre os fatores
autossdmicos M e F e genes de resisténcia a inseticidas. Esta ligacio parece favorecer
os determinantes autossémicos (FRANCO et al, 1982; BULL, 1983; HEDIGER et
al., 1998). Apesar desta sugestdo, ha poucos estudos genéticos que descrevem a
relagio entre resisténcia a inseticidas e fatores autossdmicos (KERR, 1970; SHONO
& SCOTT, 1990) e a sugestdo ¢ ainda especulativa.

BULL & CHARNOV (1977) levantaram a seguinte questdo que surgiu a
partir de estudos como estes de Musca domestica: como a selecio natural atuaria
sobre as mudancas no sistema de determinacio do sexo? Estes autores acreditaram
que o mecamismo XY em M. domestica seja ancestral, uma vez que tanto o
cromossomo X como 0 Y exibem heteropicnose (HIROYOSHI, 1964), o Y ¢
inteiramente heterocromatico ¢ os dois mostram tamanho desigual. Todas estas sfio
caracteristicas de um mecanismo “velho™ de cromossomos sexuais bem estabelecido.
Nos outros dois mecanismo de determinagdo do sexo em Musca ( fatores M e F), os
loci que determinam o sexo estio em autossomos que ndo mostram estas
caracteristicas. Concluem, entio, que a evolugio de machos XX tenha resultado



quando o mecanismo XX/XY foi invadido por um forte determinador do macho sobre
o autossomo HI. Pela mesma razdo, machos XX teriam maior adaptacio que machos
XY, e o cromossomo Y teria sido contra selecionado.

A mosca Phoridae Megaselia scalaris tem também um sistema peculiar de
determinacdo do sexo, no qual algum dos trés elementos cromossémicos do cariétipo
hapléide pode funcionar como um cromossomo determinante de machos (MAINX,
1959; 1962; 1964; BURISCH, 1963).

A espécie Megaselia scalaris, como ja dito, possui trés pares de
cromossomos, incluindo um par homomoérfico de cromossomos sexuais. Por selego
conseguiu-se estabelecer cinco linhagens de machos, onde o cromossomo Y original
foi perdido e a determinagdo do sexo primaria foi associada 2 um novo cromossomo,
na maioria dos casos, provavelmente por transposicdo das fungdes do determinador de
machos (TRAUT & WILLHOEFT, 1990). Estes autores localizaram o fator de
determinagdo de machos nas cincos linhagens onde o Y original havia sido perdido.
Em uma destas linhagens o locus original de determinag¢@io do sexo, M, foi preservado
dentro de um grande segmento do Y original; o novo cromossomo Y sé existe devido
a uma recombinagdo entre os cromossomos X e Y originais. Nas outras quatro
linhagens, a determinagdo do sexo foi conduzida por um novo locus diferente, desse
modo, criando um cromossomo Y completamente novo (TRAUT, 1994).

Como os marcadores de MAINX (1966) foram perdidos, nio foi possivel
comparar seus mapas com os conhecidos recentemente, mas € certo que as posigdes
dos novos loci de determinagdio do sexo em Megaselia scalaris ndo sio sempre
terminais € nem sempre estdo nos finais dos mesmos cromossomos, como acreditava
MAINX. Embora as seqiténcias nfo tenham sido identificadas, a transposiciio de
fatores M para varios sitios cromossOGmicos é mesme o mecanismo mais plausivel
(WILLHOEFT & TRAUT, 1990; SIEVERT et al., 1997).

Nos Chironomideos, um fator dominante de determinagdo do sexo (M) é o
responsavel pela diferenciagio do sexo nos machos (BEERMANN, 1955; MARTIN &
LEE, 1980; HAGELE, 1985).

No género Chironomus (Diptera, Chironomidae) machos sdo
heterogaméticos e fémeas sdo homogaméticas, contudo hé somente algumas espécies
deste género, onde se consegue distinguir morfologicamente 0s cromossomos sexuais.



A regifo determinadora do sexo neste grupo pode ocorrer nos bragos de diferentes
cromossormmos podendo tal variagio ser observada tanto em espécies diferentes como
entre individuos da mesma espécie (BEERMAN, 1955; MARTIN ef al., 1980).

Estes ultimos autores sugeriram, com base na freqiiéncia com que cada regido
que determina o sexo muda na espécie Chironomus australiano, que estas mudangas
ndo foram apenas coincidéncia; foram adaptativas para o processo de especiagio.

Nas espécies C. nuditarsi e C. thummi thummi hi um polimorfismo de
heterocromatina descrito como associado a regiio de determinacio do sexo. Em
outras especies, como por exemplo C. thummi piger, nio hia marcador para
reconhecimento dos cromossomos sexuais. Assim, na evolugio em C. thummi piger os
Cromossomos sexuais podem estar num estagio inicial (KRAEMER & SCHMIDT,
1993).

Ha duvidas se um nimero limitado de regides nos cromossomos deterntinam
0 5€X0, Ou seja, se 0s genes estdo envolvidos com a determinagio do sexo (MARTIN
et al., 1980; MARTIN, 1981; KRAEMER & SCHMIDT, 1993) ou se o determinador
do sexo nestas especies € um elemento de transposigio (GREEN, 1980) que podera
ser inserido em algum lugar do genoma (MARTIN & LEE, 1984). Embora seja
razoavel atribuir a “genes saltadores™ a responsabilidade de tal fendmeno, nio se pode
excluir outras explicagdes. Devido ac fato de em Chironomus o mecanismo de
determinag@o do sexo ser considerado primitivo, pode-se supor que genes diferentes
facam parte de um mecanismo de determinagio do sexo em cascata. Em uma espécie
pode ser que um determinado gene seja decisivo e, em outras, um outro gene seja
importante. N3o se pode assumir que sé existe um determinador do sexo em todas as
espécies do grupo.

O fato das mudangas cromossOmicas nio serem apenas coincidéncia, mas
adaptativas e integrais para o processo de especiagio foi também sugerido por
FERADAY et al. (1989). Estes autores mostram que ha um consenso nio somente no
sentido que a diferenciagio do X e Y € um processo adaptativo por ele proprio mas
que estes cromossomos geralmente desempenham um papel adaptativo no processo de
especiagéo.

Em Simuliidae hi completa homologia entre os cromossomos X e Y. A
diferenga fundamental entre os cromossomos sexuais € a presencga de um nico fator



de determinagdo de machos, presente no cromossomo Y (ROTHFELS, 1956;
ROTHFELS & NAMBIAR, 1981). Muitas espécies de Simulideos mostram os
cromossomos sexuais citologicamente indiferenciados com padrées idénticos de
bandamento nos cromossomos politénicos. A maioria apresenta quiasma na meiose
ocorrendo entdo permutas de genes entre 0 X e 0 Y. Além disso, qualquer um dos trés
cromossomos em Simuliidae pode atuar como o par determinador do sexo e o locus
para determinagdo ja foi mapeado em diferentes posicSes dos seis bragos
cromossdmicos (BEDOQ, 1977).

1.2. Bandamento Cromossémico

A anilise detalhada de regides cromossomicas especificas, tais como
distribui¢do de heterocromatina (banda C) e organizadores nucleolares (NORs) de
cromossomos, pode auxiliar nos estudos de evolugdo cariotipica (SHARMA &
SHARMA, 1983). Estas regibes podem ser detectadas através dos métodos de
bandamento.

A era que permitiu identificar morfologicamente os cromossomos metafasicos
de uma maneira mais precisa através de bandas longitudinais (bandamento
cromossOémico) teve inicio em 1968 quando CASPERSSON e colaboradores
descreveram 0 uso de quinacrina mostarda como um componente fluorescente que
corava heterogeneamente cromossomos humanos fixados, produzindo, assim, a
chamada banda Q. Logo ap6s isto, PARDUE & GALL (1970) descreveram a técnica
de hibridacdio in sity de acidos nucleicos para localizar DNA satélites em
cromossomos de ratos, que vinte anos mais tarde tornou-se indispensavel ferramenta
nos estudos de varios problemas basicos de genética. Foi também por volta dos anos
setenta que SUMNER e colaboradores (1971) e SUMNER (1972) revelaram técnicas
de facil aplicagdo para obtengdo de bandamento C e G através de pré-tratamentos
quimicos nos cromossomos metafasicos. A base da diferenciacio longitudinal dos
cromossdmos foi assim estabelecida.

O bandamento cromossémico € considerado valioso para identificacio de
cromossomos homologos entre espécies cariologicamente diferenciadas, e
especialmente para detecgdo de rearranjos cromossOmicos que contribuem para a
evolugio cariotipica (IMAI ef al., 1994). Muitas tentativas de reconstrugio de
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filogenias de cari6tipos de varios taxa tém sido baseadas em anilises de padroes de
bandamento (QUMSIYEH & BAKER, 1988; SUMNER, 1990).

1.2.1. Bandas Heterocromaticas

Bandas heterocromaticas sd3o essencialmente universais, sendo encontradas
nos cromossomos de todos os animais e vegetais (SUMNER, 1994).

Embora heterocromatina tenha sido descrita ha muito tempo (HEITZ, 1928),
ainda hoje procuram-se métodos de coloragio especifica para evidenciar diferentes
aspectos da heterocromatina. As principais caracteristicas da heterocromatina,
demonstradas por técnicas de bandamento especificas, sio sua universalidade, sua
diversidade e sua variabilidade. Embora todos os cromossomos, na maioria dos
eucariotos, tenham alguma heterocromatina, sua propriedade de coloracio e a
natureza do DNA que contém, variam muito dentro e entre espécies, e em geral
blocos de heterocromatina sdo heteromorficos para tamanho, e algumas vezes para
propriedades de coloragio (SUMNER, 1990).

Bandas heterocromdticas sio normalmente encontradas ao redor do
centrdmero, freqilentemente nos teldmeros e adjacentes aos organizadores
nucleclares, e algumas vezes em regides intersticiais. Geralmente compreendem uma
propor¢io relativamente pequena do genoma, mas em casos excepcionais a
heterocromatina compreende 50% do DNA da célula (SUMNER, 1994).

Diferencas na quantidade, posi¢cdo e tipo de heterocromatina sdo comuns
entre espécies. Um exemplo simples de variagdo ¢ a diferenca no tamanho de blocos
homologos de heterocromatina, ou seja, duas espécies proximas tém blocos de
heterocromatina aparentemente diferentes, com localizagio semelhante nos
cromossomos homoélogos.

Estas diferencas quantitativas sdo fregiientemente restritas a sitios
especificos, ou associadas a eventos especificos. E muito comum espécies proximas
diferirem na presenca ou auséncia de bragos heterocromaticos; entio, em uma espécie
0$ CromossoOmOs parecem acrocéntricos, mas os cromossomos homologos em outra
espécie sdo metacéntricos, o segundo braco sendo totalmente heterocromatico
(PATHAK et al., 1973; CHRISTIDIS, 1986).
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Espécies proximas podem diferir ndo somente na quantidade de
heterocromatina no seu genoma, mas também no nimero de bandas, sua localizacdo e
sua propriedade de coloragio. As duas primeiras categorias sio normalmente
relacionadas, uma vez que uma distribuicio diferencial de bandas freqiientemente
implica num nimero diferente e vice-versa. Poucos exemplos de diferengas numéricas
nas bandas heterocromaticas podem ser dados. Muitas das bandas C positivas Gnicas
em Triturus italicus aparecem como pares de bandas em Triturus vulgaris (INARDI et
al., 1973). Em Anemone spp o nimero de bandas C positivas na parte distal de certos
cromossomos varia de zero a quatro em diferentes espécies (MARKS &
SCHWEIZER, 1974). Diferenc¢as tanto no numero como na localizagdo de bandas
foram encontradas em espécies da mosca tsé-tsé , Glossina. G. morsitans tem grupos
de bandas terminais no braco longo de seus autossomos e no cromossomo X,
enquanto estdo ausentes em G. austeni, embora os autossomos tenham padrio
semelhante (DAVIES & SOUTHERN, 1976). Diferencas na localizagio da
heterocromatina entre espécies proximas sdo muito comuns e algumas vezes
complexas. Freqlentemente uma espécie podera ter bandas C terminais nos seus
cromossomos que sdo perdidas em uma espécie proxima; isto tem sido encontrado em
algumas plantas ¢ anfibios (KING, 1980), embora as diferengas mais complexas sejam
encontradas em gafanhotos (KING & JOHN, 1980).

Trés mecanismos parecem claros para explicar o aparecimento de uma banda
heterocromaética em um novo sitio. Primeiro, ha movimentacfo, por translocagio ou
inversdo, total ou parcial de uma banda. Segundo, novas bandas poderao ser formadas
pelo processo de transformaciio de eucromatina. Terceiro, uma nova banda podera ser
formada pela amplificagio de uma seqiiéncia de DNA. Obviamente uma combinagio
de eventos (translocagfio seguida por amplificagio) podera estar envolvida em alguns
casos, mas ha pouca ou nenhuma evidéncia para distinguir os varios mecanismos
possiveis (SUMNER, 1990).

Sabe-se que em varias espécies de moscas, incluindo Musca domestica (EL
AGOSE et al., 1992), Chrysomya bezziana (BEDO, 1991), espécies do género
Parasarcophaga (KAUL et al., 1978), varias espécies de Drosophila, bem como
espécies de mosquitos, como Aedes aegypti (WALLACE & NEWTON, 1987),
Anopheles atroparvus e Anopheles labranchiae (MARCHI & MEZZANOTTE,
1990), os cromossomos sexuals apresentam regides ou bragos ou, entdo, sio
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totalmente heterocromaticos. Tal situagido ndo é encontrada no caso de auséncia de
par heteromorfico que possa indicar a presenca de par sexual. Neste caso ofs) gene(s)
para determinagfio do sexo estaria(m) espalhado(s) pelo(s) pare(s)( autossGmico(s)
(Revisdo PARISE, 1994).

Enzimas de restricio tém sido bastante usadas para detectar diferenciagio
entre diferentes classes de heterocromatina. Estas enzimas est3o sendo usadas para
produzir modelos de bandamento consistentes em cromossomos de mamiferos e
insetos (LIMA de FARIA et al., 1980, MILLER ef al., 1984, MEZZANOTTE, 1986,
GOSALVEZ et al., 1987).

Extragdo de fragmentos de DNA, clivados da cromatina fixada, foi proposta
como O mecanismo predominante para produzir bandamento cromossdmico apods
tratamento com enzimas de restricio (MILLER er al, 1984; BIANCHI ef al, 1985).
Contudo, bandamento com ER n#o esta sempre associado com extragdo de DNA.
Com base nisto, mudangas conformacionais na estrutura cromossémica causadas pelo
corte (nicking) da molécula de DNA, especialmente perda de DNA, foram sugeridas
para explicar os resultados produzidos pelas ERs em cromossomos humanos
(MEZZANOTTE er al, 1985). O dificil acesso das enzimas ac DNA cromossomal
tem também sido considerado como possivel causa para a observagio destes
resultados. A importdncia relativa e inter-relagio destes fatores na indugio da
diferenciacio longitudinal em cromossomos fixados ndo estdo ainda bem entendidas.
No entanto, o uso combinado de diferentes endonucleases de restricio demonstra ser
conveniente na deteccdo de diferentes classes de heterocromatina nio reveladas pelas
técnicas de bandamento padrio (MARCHI & MEZZANOTTE, 1988).

1.2.2. Hibridacao in situ X NOR

Hibnidagdo in site de seqiiéncias de nucleotideos € um procedimento bem
estabelecido para cromossomos politénicos, mitéticos e nucleos interfasicos de
insetos. O método foi inicialmente desenvolvido por PARDUE & GALL (1970), que
utilizaram sondas marcadas radioativamente em cromossomos politénicos de
Drosophila. Apbs alguns anos o método original foi adaptado para métodos mais
sensiveis utilizando sondas com marcagio nio radioativas (PHILLIPS ef al., 1994).

Hoje em dia a hibridagdo in situ em cromossomos vem sendo usada em
estudos evolutivos de espécies de dipteros fornecendo importantes informagdes,
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incluindo conservagdo de genes em grupos de espécies proximas (WHITING ef al.,
1987, 1989; SCHMIDT ef al., 1988).

Na maioria das células de eucariotos, o nucléolo desaparece durante a profase
e a sua localizagdo cromossomica (NOR) é visualizada pela técnica de impregnac@o
pela prata (AgNOR). Porém em alguns organismos como espécies de Dipteros
(PARISE et al, 1996, HAGELE & RANGANATH, 1983) e em formigas (IMAI ez
al., 1994) as NORs ndo sdo detectadas por este método em metafases mitdticas.

IMALI e colaboradores (1992) sugerem as seguintes hipoteses para explicar tal
fendmeno: que os genes de IRNA sfo completamente inativados durante a divisdo
celular € as particulas de prata ndo conseguem se ligar as proteinas AgNOR
{(SUMNER, 1992) ou que o nucledlo de formigas teria o centro fibrilar ausente como
é observado em Drosophila (KNIBIEHLER et al., 1982).

Uma outra explicagdo estaria relacionada com as proteinas associadas a
NOR. Sabe-se que em vertebrados existem proteinas associadas a NOR semelhantes
as de invertebrados. A principal diferenga entre elas, que impede que haja
especificidade 4 impregnagdo por prata, poderiam ser os dominios acidicos da por¢éo
amino-terminal destas proteinas que de certa forma alteraria o PI. Por exemplo:
considerando que os blocos de aminoacidos acidicos da nucleolina sejam responsaveis
pela reacdo em células de mamiferos, pode-se supor que em invertebrados a mesma
proteina possua diferentes blocos acidicos ou que as condigdes do método ndo sejam
especificas para proteinas AgNOR de insetos (HERNANDEZ-VERDUM,
comunicagdo pessoal). Assim, a utilizacdo da técnica de hibridagdo in sifu, se tornou
de grande importincia e precisio para os estudos de NORs em dipteros.

Na maioria das espécies de dipteros estudadas até o momento, as NORs
estdo relacionadas aos cromossomos sexuais. Por exemplo, WILLHOEFT (1997)
detectou através de hibridagdo ir situ usando rDNA que em algumas espécies de
Glossina (Diptera, Glossinidae), como G. p. palpalis e G. paliidipes a marcacao
ribossomal estad localizada no cromossomo Y, que nas duas espécies € totalmente
heterocromatico.

Nas espécies Ceratitis capitata, C. rosa e Trihithrum coffeae (Diptera,
Tephritidae) o X subacrocéntrico carrega o loci ribossomal no brago curto. Nas trés
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espécies 0 Y também apresenta loci DNA ribossomal. Esta parte do cromossomo Y é
considerada homdloga nas trés espécies (WILLHOEFT & FRANZ, 1996).

KIUMAR & RAI (1990) estudaram a localizagio do rDNA em oito géneros
de Culicidae € encontraram que o gene rRNA esta confinado num 1inico ¢romossomo
em todas as especies estudadas, com excegdo de Adedes triseriatus, onde foram
observados dois sitios por caridtipo haploide. Na tinica espécie de Anophelinae
analisada, os genes ribossomais estdo localizados nos cromossomos sexuais e em
todas as espécies de dedes, assim como em outras espécies os genes ribossomais estio
localizados no cromossomo I, que nas espécies de Culex e Aedes esta envolvido com a
determinagcdo do sexo (MACDONALD & RAI, 1970, BAKER et al, 1971;
DENNHOEFER, 1972). O sexo é determinado por um Gnico par de alelos ou um
segmento de cromossomos para o qual os machos s3o heterozigotos e as fémeas
homozigotas. Isto indica que os genes ribossomais sdo conservados nos cromossomos
sexuais na maioria das espécies de mosquitos (KUMAR & RAI 1990).

Em outras espécies de insetos, NORs também estdo localizadas nos
Cromossomos sexuais, como ¢ o caso do X e Y de Drosophila melanogaster, D.
simulans e D. hydei (SPEAR, 1974; HENNIG et al., 1975), somente no cromossomo
X de D. virilis (ENDOW & GALL, 1975), no Y e em microcromossomos de D).
nasuta nasuta e D. n. albomicans (HAGELE & RANGANATTI, 1983), no X e
microcromossomos no complexo mulleri (BICUDO, 1981) e no X e em autossomos
de gafanhotos (WHITE ez a/., 1982).

1.3. Dipteros Muscéideos

Os rmuscoideos constituem importante grupo de dipteros incluindo desde
espécies sem importancia direta para o homem até espécies que competem com ele
por alimentos ou atuam como vetores de doengas.

Segundo GRIFTHS (1972) os chamados dipteros muscoideos incluem:
Tanypezoinfa, Calyptratae, = Micropezoinea,  Diopsioinea, Sciomyzoinea,
Anthomyzoinea, Agromyzoinea ¢ Tephritoinea. As familias Muscidae, Sarcophagidae
e Calliphoridae fazem parte dos Calyptratae.

Um estudo citogenético incluindo 129 espécies de dipteros muscoideos
revelou que destas, seis possuem cinco pares de cromossomos (todas pertencentes &
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familia Muscidae) e 121 espécies apresentam seis pares. Foi encontrado também que
uma espécie de Anthomyiidae tem sete pares nas fémeas e cinco + X1, X2 ¢ Y nos
machos e uma espécie de Sarcofagideo apresenta 9-10 pares de cromossomos

(BOYES & VAN BRINK, 1965). Estes dados mostram uma consideravel
uniformidade no nimero de cromossomos do grupo.
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2. Objetivos

2.1, Justificativa

Dentro das espécies de Dipteros Cyclorrapha o nimero de pares de
cromossomos mais encontrado € 2n=12. No entanto, algumas espécies apresentando
2n=10 ja foram descritas, sendo todas elas pertencentes a familia Muscidae. De acordo
com BOYES (1967) ¢ com nossos préprios estudos (PARISE ef al., 1996), o par
ausente nestas espécies € o par heteromorfico, interpretado como sendo o par sexual.

Muitas variagbes sdo notadas com respeito 2o tamanho dos cromossomos
sexuais em todas as subfamilias de Muscidae e isto sugere que mudangas nos
Cromossomos sexuais podem ser toleradas pelas espécies na maioria destas subfamilias
sem que ocorram conseqiiéncias sérias (BOYES ef al,, 1964). A explicagdo para a
presenca de representantes com 2n=10, em diferentes subfamilias, seria a ocorréncia
de perdas independentes dos cromossomos sexuais nos diferentes grupos, e nio uma
origem comum a todos eles.

Assim, o objetivo inicial do trabalho foi examinar algumas espécies de
Muscidae pertencentes a diferentes subfamilias, além de espécies de outras familias a
ela relacionadas, como Calliphoridae e Sarcophagidae, quanto 4 presenga ou ndo do
par heteromorfico, na tentativa de corroborar a hipdtese de perdas independentes nos
diferentes grupos. Além disso, uma vez que parece haver uma relagdo de NORs e /ou
bandas C positivas com cromossomos sexuais, foi feito um estudo mais detathado do
cariotipo destas especies através de bandamento cromossémico, € métodos mais
especificos, como hibridacio in situ.

Desta forma, como ha relagio entre NORs e/ou heterocromatina com o par
sexual nas espécies com 2n=12, conhecendo-se melhor a localizacio e natureza destas
regides nas espécies com 2n=10, estes dados poderio ajudar no entendimento da
evolugio do par sexual dentro do grupo.
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2.2, Objetivos Gerais

O presente trabalho teve como objetivos:

1.

Investigar a presenga ou auséncia dos cromossomos sexuais em cinco espécies da
familia Muscidae, duas espécies de Calliphoridae e uma de Sarcophagidae.
Caracterizar os cromossomos sexuais destas espécies com relagio a forma,
tamanho e quantidade de heterocromatina constitutiva.

Localizar as regides organizadoras do nucléolo através da técnica de hibridagdo in
Situ.

Determinar o caridtipo das espécies Ophyra chalcogaster, Synthesiomyia nudiseta
e Pattonella intermutans e de uma populagio de Musca domestica.

Localizar as regiGes de heterocromatina constitutiva nos autossomos das espécies
analisadas através de bandamento C.
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Abstract

The karyotypes of three species of Muscidae are described. Synthesiomyia nudiseta
(subfamily Reinwardtiinae), Ophyra chalcogaster (subfamily Azeliinae) and Musca
domestica (subfamily Muscinae) have 2n=12 chromosomes, consistent with the modal
number of chromosome pairs in most calyptrate Diptera. Comparison of these three
species with two other species of Muscidae (Muscina stabulans and Haematobia
irritans) revealed a considerable variation among their sex chromosomes. Thus, in M.
stabulans and H. irritans (2n=10) these chromosomes are absent, in S. #udisseta the
X chromosome is the biggest of the complement, in O. chalcogaster it is the smallest
and in Ad domestica this chromosome has an intermediate length. The
heterochromatic regions of these species are pericentromeric in all autosomes and
distributed along the entire length of the sex chromosomes. FISH identified NORs on
the autosomes.
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introduction

Several species of Muscidae are of economic and/or sanitary importance. The horn fly,
Haematobia irritans, is a common, hematophagous, obligate ectoparasite of cattle in
Europe, North America and, more recently, in South America (WILLIAMS et al ,
1985; BORJA, 1990). The estimated annual losses in US cattle production attributed
to this pest exceed US$ 730 million (DRUMOND e al., 1981). The house fly, Musca
domestica, is widespread, breeds in a variety of organic matter, including human and
animal excrement, and is a significant nuisance to human populations (HARDWOOD
& JAMES, 1979). Muscina stabulans is also widespread throughout the world and is
usually associated with waste products of livestock and agricultural processes
(WILLIAMS et al., 1985). Musca domestica and M. stabulans may be involved in the
transmission of various pathogenic organisms to humans and animals. Ophyra
chalcogaster 1s a neotropical species found near poultry facilities and its larvae are
facultative predators on the larvae of other flies, including the house fly.
Synthesyomyia nudiseta is a cosmopolitan species which breeds in various animal and
vegetable materials and shows a high degree of synanthropy in Brazil (LINHARES,
1981).

The usual karyotype number in Cyclorrapha diptera species is 2n=12,
altbough some species, all belonging to the Muscidae, have 2n=10. Among the latter
species, Muscina stabulans and Haematobia irritans were studied by AVANCINI and
WEINZIERL (1994), PARISE (1994) and PARISE ef al. (1996). These studies,
together with those of BOYES ef a/. (1964) and BOYES (1967), indicate that it is the
heteromorphic pair, usually considered to be the sex chromosomes that is absent . The
occurence of 2n=10 species in different subfamilies of Muscidae probably reflects
independent losses of sex chromosomes in different groups rather than a common
origin for these species (BOYES, 1967).

In this work, we studied the karyotype of five species of Muscidae using chromosome
banding and methods such as in sifu hybridization. We also determined the location of
NOR(s) and heterochromatin in species with 2n=10 and 2n=12. In dipterans, the
NORs are frequently located on the sex chromosomes (BEDQ and HOWELLS, 1987;
BEDO and WEBB, 1989; WILLHOEFT and FRANZ, 1996; WILLHOEFT, 1997).
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Material and methods

Fly rearing- The colonies of the species used in this work were started with
individuals collected in the following places: Ophyra chalcogaster and Synthesiomyia
nudiseta: Campus of State Umiversity of Campinas, Brazil; Musca domestica: Sumaré-
SP, Brazil; Muscina stabulans. a private poultry farm located 40km southwest of the
State University of Campinas. The flies were maintained in the Entomology section of
the Department of Parasitology, State University of Campinas. The adults had access
to sugar cane and water 24 h/day, and were maintained at 24+2°C, 40-50% relative
humidity on a 12h light:dark cycle. To obtain eggs, the flies were fed with ground
beef.

Chromoesome preparations- Mitotic chromosomes were obtained from the brains of
L3 larvae. Meiotic chromosomes were obtained from the testicular cells of young
males. Hypotonic treatment and fixation were as described by IMAI e a/.(1988).

Chromosome morphology- Mean descriptive values of the karyotype were calculated
from information obtained from a minimum of one well spread mitotic metaphase plate
from each of 5-10 individuals. The nomenclature used for describing of chromosome
morphology was that of LEVAN et al. (1964).

C-banding- It was performed using SUMNER’s technique (1972), with slight
modifications of temperatures to allow the localization of constitutive heterochromatic
Tegions.

FISH- In situ hybridization was performed in mitotic and/or meiotic cells using a 12kb
rDNA probe (pDm 238-Drosophila melanogaster). The FISH procedure was done as
described in PARISE and AVANCINI (paper submitted).

After in situ hybridization, some slides were washed in water for 2 h and
stained with Giemsa for better morphological identification of each chromosome and
confirmation of the exact location of the signal (VIEGAS-PEQUIGNOT, 1992).

The slides were examined using an Olympus fluorescence microscope. and
photographs were taken on 400 ASA color negative film.
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RESULTS

Ophyra chalcogaster (subfamily Azeliinae)

This species has six pairs of chromosomes with two pairs of metacentric
chromosomes (II and V) and three pairs of submetacentric chromosomes (L, III and
IV). Pair IV has an amm ratio very close to the limit between metacentric and
submetacentric chromosomes,. and was classified as submetacentric. Pair I has a
secondary constriction in the short arm (Fig. 2). Figure 1 shows the karyotype of this
species and the results of the morphometric analysis are given in Tables I and II. All
the autosomes exhibited somatic pairing. The sex chromosomes form a \}ery small
metacentric pair in which X is approximately 3.5 times smaller than chromosome I, the
longest chromosome of the whole complement.

Figures 5 and 6 show the C-band pattern for this species. All the autosomes
have small blocks of heterochromatin in the pericentromeric region (Fig. 5) and the
sex chromosomes are totally heterochromatic (Fig. 6). There is an interstitial band on
the short arm of pair IT and another on the long arm of pair ITT (Fig. 6, arrow).

Synthesiomyia nudiseta (subfamily Reinwardtiinae)

This species also has six pairs of chromosomes with five autosomes and a sex
chromosome pair (XX/XY) (Figs. 3 and 4).

The karyotype is illustrated in Figure 3 and the data for the complement are
shown in Tables I and II. Pairs I, II, IV and V are metacentric and pair III is
submetacentric. All the autosomes exhibited somatic pairing.

The sex chromosomes appear very heteropycnotic by conventional stainings
(Figs. 3 and 4). X is the longest chromosome of the complement and together with Y,
form a typical metacentric pair.

C banding of mitotic chromosomes, shows constitutive heterochromatin in
the pericentromeric region of all the autosomes (Figs. 7, 8). The sex chromosomes are
totally heterochromatic (Figs. 7, 8).
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Musca domestica (subfamily Muscinae)

The population of this species studied here has six pairs of chromosomes
(Fig. 9). Morphometric analysis revealed two pairs of submetacentric (III and IV) and
three pairs of metacentric autosomes (I, II and V). All the autosomes exhibited
somatic paitring .The X chromosome is also metacentric (Table I and II). No Y
chromosorme was found in 36 individuals examined.

All the autosomes have pericentromeric C bands (Fig. 9). The X chromosome
is totally heterochromatic, although darker staining is seen in the pericentromeric
region (Fig. 9, arrow).

In situ hybridization
In situ hybridization with an rDNA probe showed that the NOR is located on

autosomal pairs in the Muscidae species studied here.

There is an intense signal in pair II of M. stabulans (Fig. 12), which coincided
with the location of the secondary constriction and a big block of heterochromatin
(Fig. 10). In M. domestica, the signal is located in pair II (Fig. 13) and in S. rudiseta
the signal is on pair HI (Fig. 14).
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Table 1: Total and relative lengths of the chromosomes of several Muscidae species.
The relative length of Y was expressed as a function of the length of X. N=10

Species I I I Iv A% X Y TCL (um)
0. chalcogaster 83 73 66 64 57 27 17 37
M. domestica 7.1 6.4 58 50 46 66 na. 355
S. nudiseta 72 49 44 40 35 87 6.6 327
M. stabulans* 74 64 26 52 49 - - 295
H. irritans* 6.7 6.0 55 51 43 - - 276

*The karyotype of these species was studied by PARISE (1994) and PARISE et al.
(1996), AVANCINI & WEINZIERL. (1994).

TCL: total complement length; n.a.: not available

Table 2: Chromosome arm ratios of several Muscidae species.

Species | 11 m v A\ X Y

O. chalcogaster | 1.9(Sb) 1.4(M) 2.8(Sb) 1.7(Sb) L4(M) 1.5(M) 13(M)
M. domestica L3(M) 14(M) 1.7(Sb) 1.7(Sb) 1.4M) 1.6(M) na.

8. nudiseta LIM) 120M) 2.0(Sb) 14(M) 13(M) 1.4(M) 1.20M)
M. stabulans* L1M) LIM) 1.5(M) 17(Sb) 13(M) - -
H. irritans* 13(M) 1.1(M) 23(Sb) 2.0(Sb) 1.6(M) - -

*The karyotype of these species was studied by PARISE (1994} and PARISE et al.
(1996), AVANCINI & WEINZIERL (1994).

M: metacentric; Sb: submetacentric; n.a.: not available
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Figs. 1, 2: Mitotic chromosomes in O. chalcogaster. 1: Male metaphase; 2: Female
metaphase. Arrow in Fig. 2 shows the secondary constriction in pair 1.

Figs. 3, 4. Mitotic chromosomes in S. rudiseta. Note the somatic pairing. 3: Mitotic
male metaphase; 4. mitotic female metaphase. Scale bar= 10 um
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Figs 5-8: C-banded chromosomes. Figs. 5, 6; Mitotic chromosomes of O.
chalcogaster and Figs. 7, 8: Mitotic chromosomes of §. nudiseta. Sex chromosomes
are totally heterochromatic and the autosomes present pericentromeric bands. Arrow
in Fig. 6 indicates an interstitial band in pair II. In Fig. 8 all the chromosomes exhibit
somatic pairing. Scale Bar= 10um.

Fig. 9. Mitotic chromosomes in AL domestica, somatic pairing seen in all
chromosomes Scale Bar= 10um.

Figs 10, 11: C band in M. stabulans and H. irritans mitotic complement: five
chromosome pairs in each species. Arrows indicate an interstitial C band in pair II.
Scale Bar= 10pm
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Figs. 12-14: FISH of M. stabulans (mitotic chromosomes), M. domestica (meiotic
chromosomes) and 5. nudiseta (meiotic chromosomes), using a Drosophila fDNA
probe. The hybndization signal is yellow, whereas the chromosomes and nuclei are

counterstained with propidium iodide. Figs 12, 13: NOR located in pair II and Fig. 14
NOR located in pair TIL
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Discussion

Most Muscidae species have six pairs of chromosomes, one being the
heteromorphic pair (BOYES er al, 1964). Our results generally agree with these
authors, except M. stabulans (subfamily Reinwardtiinae) and H. irritans (subfamily
Muscinae) which have five chromosome pairs, without the heteromorphic pair.

In addition to M. stabulans, BOYES and collaborators ( 1964) found other
exceptions with five chromosome pairs, including Phaonia variegata {(subfamily
Phaoniinae) and Orthelia nudissima (subfamily Muscinae).

KAUL and TEWARI (1979) studied seven species of the family Muscidae.
Four of these were in the subfamily Phaoniinae and had 2n=10 while the remaining
three had 2n=12. However, the complement of these species did not resemble those of
other 2n=10 species since they had four pairs of medium to very large metacentric
chromosomes and a pair of small dot-like chromosomes. The dot-like chromosomes
were suggested to be the sex pair because they did not show somatic pairing.

No heteromorphic pair was found in the species with 10 chromosomes
studied here. The karyotypes of these species differed from each other in some
aspects. In H. irritans, pairs Il and IV were submetacentric while in A stabulans
only pair IV was submetacentric. In addition, M. stabulans had two secondary
constrictions in pair I and another in pair II, whereas H. irritans had only one
secondary constriction located in pair II. All the chromosome pairs of these species
showed somatic pairing.

BOYES and collaborators (1964) also noted variations in the arm ratios and
location of secondary constrictions in the species with 2n=10. Such differences were
considered sufficient to indicate that the species were not closely related.

The species studied here showed little variations in the size of their
autosomes. In M. domestica, M. stabulans and H. irritans, these chromosomes were
slightly larger than in . nudiseta whereas O. chalcogaster had much bigger
autosomes than the other species.

Autosomal morphology also varied little. Except for O. chalcogaster, pair 1
was typically metacentric. Pairs Il and V were metacentric in all species. In M.
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stabulans pair 111 was metacentric while in the other species was submetacentric. Pair
IV was metacentric in S. nudiseta but submetacentric in the other species.

Where present, the sex chromosomes were metacentric but varied
considerably in size. O. chalcogaster, which had the biggest autosomes, had very small
sex chromosomes. In S. nudisseta, these chromosomes were very big, with the X
chromosome being the largest of the complement. In M. domestica the sex
chromosomes were of medium size.

The total chromosome length was very similar in four (M. stabulans, H.
irritans, M. domestica and S. nudiseta) of the five species, excluding the X
chromosomes in M. domestica and S. nudiseta. This observation indicates that the
absence of sex chromosomes makes the genomes of M. stabulans and H. irritans
shorter than in flies where the X chromosome is present. There was no evidence of a
possible fusion of sex chromosomes to autosomes.

Vanations have also been reported in the morphology of the sex
chromosomes in the subfamily Muscinae (BOYES ef al, 1964). Thus, the Y
chromosome of Musca vetustissima is exceptionally long and submetacentric, that of
M. domestica calleva is relatively small and metacentric, and that of M. autumnalis is
tiny and acrocentric. These authors described a similar situation in the subfamily
Phaoniinae, where Phaonia basalis had a very large sex pair, Ophyra leucostoma had
tiny sex chromosomes and Muscina stabulans and Phaonia variegata lacked the sex
pair normally present in the 12 chromosome species.

Variations similar to the above were also observed in the present study,
suggesting that substantial changes in these chromosomes can be tolerated, without
serlous consequences, by species in most of these subfamilies. That most of these
species have sexual chromosomes, however small they may be, indicates that the
presence of sex chromosomes represents the more primitive condition of the
Muscidae. The reduction in chromosome number appears to have occurred
independently in the different genera of the two subfamilies (BOYES et al., 1964).

If one accepts the hypothesis of the loss of sex chromosomes in Muscidae,
the evolution of these chromosomes from homomorphic sex chromosomes must be
considered (OHNO, 1967, for reviews see BULL (1983) and JOHN (1988). Thus, the
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absence of sex chromosomes could represent a new stage after the differentiation of
these chromosomes.

The quantity and localization of constitutive heterochromatin have a
significant role in sex chromosome evolution. The incorporation of heterochromatin
represents an initial step in the specialization of these chromosomes (JOHN, 1988;
Reviewed by JABLONKA and LAMB, 1990). SCHMID (1983) has argued that
heterochromatinization precedes morphological differentiation of the sex
chromosomes. This initial step is believed to isolate a chromosomal segment
containing one or more major sex determining genes from recombination (OHNO,
1967).

Most Dipteran species have heterochromatin which can extend from
pericentromeric regions to include whole arms of some chromosomes or even the
entire sex chromosomes (EL AGOSE et /., 1992; BEDO, 1991; KAUL er al,, 1978;
WALLACE and NEWTON, 1987, MARCHI and MEZZANOTTE, 1990). In the
species examined here, the sex chromosomes were totally heterochromatic and there
was extensive variation in the amount of heterochromatin among the autosomes of
these species.

BOYES and VAN BRINK (1965) reported a tendency for the X
chromosome (and to a lesser extend Y) to accumulate heterochromatin and increase in
size in several subfamilies of calyptrate Diptera. These authors believed that in some
Muscidae subfamilies the large X and Y chromosomes had been completely and
independently lost

The NORs are also good markers for evolutionary studies since the rDNA
genes are extremely well conserved amongst diptera species. In most diptera species,
the NOR(s) are located in the sex chromosomes (BEDO and HOWELLS, 1987;
BEDO and WEBB, 1989, WILLHOEFT and FRANZ, 1996; WILLHOEFT, 1997).

In the present study, the NORs were located in autosomes and not in sex
chromosomes. This situation may represent an intermediate step in chromosomal
evolution in this group. Some genome sequences, including NOR(s), may be moved
from the sex chromosomes to autosomes, to avoid damage should there be partial loss
of the sex chromosomes.
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In general, certain cytogenetically important regions always occurred on
chromosomes II and III. Thus, M. stabulans and H. irritans for example, had a
secondary constriction in the short arm of chromosome I where there was also an
interstitial C band. The NOR was located in this same region in M. stabulans. O.
chalcogaster had a C band in pair II and another in pair III. In S. nudisseta the NOR
was located in pair IIT and in M. domestica in pair 11.

Chromosomes II and TII may well be associated with sex determination, as
has been reported in some Diptera species. Thus, in addition to heterogametic sex
determination (KERR, 1961, HIROYOSHI, 1964, MILANI ef al, 1967,
WAGONER, 1969), M. domestica has an additional mechanism in which both sexes
are XX and some sex determining factors are located in the autosomes (WAGONER,
1969; RUBINI and FRANCO, 1972; HIROYOSHI and INQUE, 1979; TOMITA and
WADA, 1989), specifically in autosomes II and III (FRANCO er al, 1982; BULL
1983; DENHOLM et al, 1985; CAKIR and KENCE, 1996).

No Y chromosomes were observed in the individuals of M. domestica
examined. Although the population studied was small, this situation above mentioned
may be true of Brazil in general.
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Abstract

The blowflies Chrysomya putoria and C. megacephala have 2n=12 chromosomes, five
metacentric pairs of autosomes and a XX/XY sex chromosome pair. There are no
substantial differences in the karyotype morphology of these two species, except for
the X chromosome which is subtelocentric in C. megacephala and metacentric in C.
putoria and is about 1.4 times longer in C. putoria. All autosomes were characterized
by the presence of a C band in the pericentromeric region; C. putoria also has an
interstitial band in pair HI. The sex chromosomes of both species were
heterochromatic, except for a small region at the end of the long arm of X
chromosome. Ribosomal genes were detected in meiotic chromosomes by FISH and in
both species the NOR was located on the sex chromosomes.



Introduction

Chrysomya megacephala and C. putoria belong to the family Calliphoridae
which inchudes several common synanthropic forms, most of them with saprophagous
habits. Some of these blowflies are considered a serious public health problem since
certain species can cause myiasis in man and domestic animals (GREENBERG, 1971;
1973).

The geographic distribution of these two species was: C. puoria in Africa
and C. megacephala in Asia and Australia (JAMES, 1970; GUIMARAES ef al,
1978). At the end of the 1970s, C. putoria and C. megacephala were introduced into
Brazil (GUIMARAES ef al, 1980; PRADO & GUIMARAES, 1983) and are
currently very common and abundant species in this and other South American
countries (MARILUIS, 1980; LAURENCE, 1981, PRADO & GUIMARAES, 1983;
LAURENCE, 1986).

Although considerable morphological variation has been found in the
karyotypes of the species in this family, the chromosome number is very stable at
20=12 with five autosomes and a heteromorphic sex pair (STEVENS, 1908; METZ,
1916; 1922; KENEUKE, 1924; BOYES & WILKES, 1953; BOYES & VAN BRINK,
1965; BOYES & SHEWELL, 1975).

AZEREDO--SPIN & PAVAN (1983) studied the chromosomes of some
Brazilian strains of three Chrysomya species a few years after their introduction into
this couniry. Based on comparison of their results with those of others (ULLERICH,
1976), these authors concluded that one of the species introduced into Brazil was C.
chioropyga and not C. putoria. The external morphology of C. chioropyga is very
similar to that of C. puforia (WIEDMAN, 1830). Based mainly on this similarity,
ZUMPT (1956) concluded that these flies were subspecies rather than species,
although this author subsequently accepted them as separated species (ZUMPT,
1975). BOYES & SHEWELL (1975) and ULLERICH (1976) also considered these
flies to be distinct species based on a cytogenetic analysis.

In the present paper, we examined the karyotype of C. megacephala and C.
putoria and confirmed that one of the species introduced into Brazil was in fact C.
putoria. In addition, we identified the constitutive heterochromatic regions of these
species chromosomes using C-banding and located the nucleolar organizer regions
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using in siru hybridization. The distribution of heterochromatin, location of NORs as
well as the presence or not of sex chromosomes in different species of Muscoidea
Diptera have been the main objective of all our last investigations.

Material and Methods

Flies - The colonies of C. megacephala and C. putoria were started from flies
collected in putrid rat carcasses around the Institute of Biology at UNICAMP. The
adults were kept in nylon cages (30x30x48 cm) at 2442°C and 40-50% relative
humidity on a 12h light/dark cycle in the Entomology laboratory of the Department
Parasitology. The adults had access to sugar cane 24 h/day and to ground beef a few
hours/day. Water was always available.

Chromosome preparation - Mitotic chromosomes were obtained from the brains of
L3 larvae. Meiotic chromosomes were obtained from the testis cells of young males.
Hypotonic treatment and fixation were performed as described by IMAI e7 al. (1988).

Chromosome morphology - For morphological studies, the slides were stained
mainly with 10% Giemsa. Mean descriptive values of the karyotype were calculated
from the information obtained from a minimum of one well-spread mitotic metaphase
plate from each of 5-10 individuals. The nomenclature of LEVAN et al. (1964) was
used to describe the chromosome morphology.

C-banding - SUMNER’s technique (1972) was used with slight modification of
temperature to allow the localization of constitutive heterochromatic regions.

FISH - In situ hybridization was performed in meiotic cells using a 12kb rDNA. probe
(pDm 238-Drosophila melanogaster). Chromosome preparations were pretreated
with RNase, dehydrated in an ethanol series and air dried. The preparations were then
denatured in 70% formamide solution (formamide in 20% 10xSSC) at 70°C for 2 min
and immediately dehydrated in cold ethanol. The hybridization was performed for at
least 16 h in a humid chamber at 37°C.

The slides were washed twice in 50% formamide solution (in 2xSSC), twice
in 2x8SC for 5 min each and then incubated with the first antibody (antibiotin) in a
humid chamber at 37°C for 45 min. After washing in PBT (PBS 1x, 0.1% Tween 20
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and 0.4% BSA 30%, w/v), the slides were incubated with the second antibody (RAG-
FITC) for 45 min in a humid chamber at 37°C.

Following a final wash in PBT, the slides were stained with propidium iodide
and mounted in anti-fading. The probe was labeled using a Bionik kit (Gibco-nick
translation) and denatured for 10 min at 100°C immediately before hybridization.

After in situ hybridization, some slides were washed in water for 2 h and
stained with Giemsa for better morphological identification of each chromosome and
to ascertain the exact location of the signal (VIEGAS-PEQUIGNOT, 1992).

All shdes were examined using an Olympus fluorescence microscope and
photographed with 400 ASA color negative film.
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Results

The Chrysomya putoria (Figs. 1 -5) and C. megacephala (Figs. 6 and 7)
karyotypic complements consist of five autosomal pairs and one pair of sex
chromosomes (females XX/ males XY).

All the chromosomes of both species are metacentric (Table 1), except for the
X chromosome of C. megacephala which is subtelocentric. Analysis of the total
chromosome length (TCL) show no significant difference in karyotype length (C.
megacephala, 36.8 pm; C. putoria, 37.8 pm).

The X chromosome of C. puforia is 1.4 times longer than that of C.
megacephala and in both species the Y chromosome is much shorter than the X
chromosome.

One of the X chromosomes from female C. putoria show a satellite at the end
of the short arm similar to that seen in male X chromosomes (Figs. 1-4). Some
preparations also show a secondary constriction in the long arm of the X chromosome
of C. megacephala (Fig. 6).

All the autosomes of both species show a C band in the pericentromeric
region (Figs. 3-7). A small interstitial band is also present in chromosome III of C.
putoria and is probably related to a secondary constriction region (Fig. 5; arrow).

The X chromosomes of C. putoria are heterochromatic, except for a small
region located at the end of the long arm (Fig. 3, 4). A similar C-band pattern was
seen in the X chromosome of C. megacephala which also has a terminal region that is
not C-banded (Figs. 6, 7). The Y chromosome of both species is totally
heterochromatic.

In situ hybridization show that there is a NOR on the sex chromosomes of
both species (Figs. 8, 9). The sex chromosomes assumes an allocyclic behavior typical
of heterochromatic chromosomes at meiosis (Figs. 8, 9), and for this reason we could
not be certain whether the signal was located on X, Y or both chromosomes.
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Table L Analysis of the somatic complements of C. megacephala and C. putoria. The relative

length of Y was expressed as a function of the length of X.

C. megacephala C. putoria
Chromosomes I o mImv v X Y!I1I oI W Iv VvV X Y
Length (um) 7.5 71 62 61 55 44 25|75 68 63 57 54 61 18
Arm ratio 13 13 14 14 13 41 1413 12 12 15 12 12 1.0
Relative length |0.20 0.19 0.17 0.16 0.15 0.13 0.07|0.20 0.18 0.17 0.15 0.14 0.16 0.0
Designation M M MM M St M MM M MM M M

M: metacentric, St: subtelocentric
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Figs. 1-5: C-banded mitotic chromosomes of C. putoria. All the autosomes exhibit
somatic pairing. 1: Mitotic female metaphase showing 12 chromosomes; 2: Mitotic
male metaphase. 3, 4. Note the banded pericentromeric regions. The Y chromosome is
totally heterochromatic and the X chromosomes show a terminal region C banded
negative. The arrow in figure 5 shows an interstitial band in pair HI. Scale bar = 10
um.
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Figs. 6 and 7. C-banded mitotic chromosomes of C. megacephala. 6: Mitotic female
chromosomes. 7. Mitotic male chromosomes. The autosomes exhibit somatic pairing.

The Y chromosome is totally heterochromatic and the X chromosomes are partially
heterochromatic. Scale bar = 10 um.






Fig. 8: FISH in C. putoria meiotic chromosomes. Fig. 9: FISH in C. megacephala
meiotic chromosomes. The white arrows indicates the FISH signal in the sex
chromosomes. The hybridization signal is yellow, whereas the chromosomes and
nuclei are counterstained with propidium iodide (red).
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Discussion

Chrysomya putoria is morphologically very similar to C. chloropyga. Based
on the similarity of males genitalia ZUMPT (1956) concluded that C. putoria was
vanant of C. chloropyga which he classified as C. chloropyga form putoria. However,
subsequent crossing experiments showed that these flies were at least partly
genetically isolated and merited species status (ZUMPT, 1975). BOYES &
SHEWELL (1975) and ULLERICH (1976) considered these species to be distinct
based on their cytogenetic characteristics, and this is the currently accepted view.

AZEREDO-SPIN & PAVAN (1983) considered the karyotypic data of C.
chloropyga to be more similar to those described by ULLERICH (1976) for C.
chloropyga than for C. putoria. However, there are very subtle differences between
the karyotypes described by ULLERICH (1976) for C. putoria and C. chioropyga.
This author differentiated the two species on the basis of two features present only in
C. putoria:. an interstitial C band in chromosome III and a secondary constriction in
the Y chromosome. An interstitial band was indeed observed in the population we
studied but in agreement with AZEREDO-SPIN & PAVAN (1983), no constriction of
the ¥ chromosome was present.

Our data on chromosome morphology differed from ULLERICH (1976) only
for pair I, which he considered submetacentric in C. putoria and C. chloropyga,
although no arm ratios were reported.

Our data on the gross morphology were more similar to those of BOYES &
SHEWELL (1975) for a population from Johannesburg, in which all the autosomes
were metacentric, than to those of other authors (ULLERICH, 1976; AZEREDO-
SPIN & PAVAN, 1983).

Secondary constrictions were found only in chromosome III. BOYES &
SHEWELL (1975) reported no such constriction, whereas ULLERICH (1976)
observed secondary constrictions in chromosomes Il and ITI of both C. putoria and C.
chloropyga. AZEREDO-SPIN & PAVAN (1983) reported one secondary constriction
on chromosome IH and possibly one on chromosome II.

The C-banding pattern of C. putoria observed here was very similar to that
described by ULLERICH (1976) with pericentromeric bands in all autosomes,
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interstitial bands in chromosome 111 and totally heterocromatic Y and X chromosomes
except for a distal part of the long arm of the latter.

Thus comparison of our data on chromosome morphology with those of
BOYES & SHEWELL (1975) and ULLERICH (1976) and with the C-banding
pattern provided by ULLERICH (1975) together with more recent studies indicates
that the species introduced into Brazil was C. putoria.

The autosome lengths observed for C. megacephala were very similar to
those that found by AZEREDO-SPIN & PAVAN (1983) for populations from the
same region (Campinas, Brazil) However, the latter authors found a secondary
constriction in pairs I, III and IV (corresponding to VI, TV and III respectively of
those author's) which was not observed here. C. megacephala from Japan also shows
a secondary constriction in pair Y (ULLERICH, 1963). BOYES & SHEWELL
(1975) found no such constriction in populations from Australia. In the present study,
a secondary constriction was seen in chromosome X, although AZEREDO-SPIN &
PAVAN (1983) and ULLERICH (1963) report no such structure. Our results showed
that this chromosome is subtelocentric, which agree with these authors. In strains from
Australia, the X chromosome is telocentric, with a secondary constriction. The
divergence between these two Brazilians populations most likely appeared after the
introduction and establishment of C. megacephala in this country.

Among the Calhiphonidae studied to date, including most Chrysomya species,
the sex chromosomes are medium length heterochromatic chromosomes, and the sex
is probably controlled by a determinant male factor present in the Y chromosome
(ULLERICH, 1963, 1976; BEDO, 1991).

However, variations in sex chromosome size were reported by BOYES &
SHEWELL (1975) for . putoria populations. We also observed variations in the
absence and presence of a secondary constriction in X chromosomes. Variations in this
chromosome were described by ULLERICH (1961, 1963, 1971, 1973, 1976), and
MELANDER (1963) described some Calliphoridae species in which the sex
chromosomes were not morphologically differentiated (XX/XY). Indeed, the smallest
chromosome pair in species such as C. albiceps and C. rufifacies are not the sex
chromosomes. ULLERICH (1973, 1976) believed that the sex chromosomes had been
lost in C. rufifacies and that sex was determined by another pair of chromosomes.
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BOYES & SHEWELL (1975) stated that the small heterochromatic pair in C.
rufifacies populations corresponded to the sex chromosomes.

In many insects, including the higher Diptera, secondary constrictions and
NORs are located together in heterochromatic sex chromosomes (HADJIOLOV,
1985). ULLERICH (1963) described the karyotype of Lucilia cuprina and showed
that the nucleolus was associated with secondary constrictions present in the X and Y
chromosomes. Through in situ hybridization, BEDO (1992) detected a positive signal
for rDNA. in both sex chromosomes of L. cuprina and Chrysomya bezziana, and both
regions were associated with the secondary constrictions. Similarly, in the present
study, in sifu hybndization located NORs in the sex chromosomes of C. putoria and
C. megacephala. However, since these chromosomes assume an allocyclic behavior in
meiosis, it was not possible to determine whether the signal was located on X, Y or
both chromosomes.

NORs are not always located on the sex chromosomes. For instance, in C.
rufifacies (same genus of the species we have investigated) the NOR is located on the
small heterochromatic pair VL. In some Muscidae species, NORs occur on autosomes,
even in species with sex chromosomes (PARISE & AVANCINI, unpublished data). In
species such as C. rufifacies, the factors involved in sex determination may be located
on another chromosome.

Companson of the karyotype, C-banding pattern and sex chromosomes,
shows that C. megacephala and C. putoria are very similar as would be expected for
species of same genus. In contrast, C. rufifacies, which belongs to the same genus,
showed a basic difference in that the NOR was located on an autosome.

FOSTER and collaborators (1980) stated that the linkage groups of Musca
domestica (HIROYOSHI, 1977) and, possibly, Drosophila (STURTEVANT and
NOVITSKI, 1941) may be homologous with L. cuprina. This raises the possibility
that the linkage groups of the higher Diptera may have been conserved largely intact.
The similarity of the karyotypes of the muscoid calyptrate Diptera, which have five
autosomal pairs (BOYES, 1967), is consistent with this hypothesis (FOSTER et al.,
1980).
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Abstract

The karyotype of Pattonella intermutans is described in detail. This species has 2n=12
chromosomes; three metacentric and two submetacentric pairs of autosomes and an
XX/XY sex chromosome pair. The autosomes are characterized by the presence of C
band in the pericentromeric region and the sex chromosomes are totally
heterochromatic. FISH technique showed the NOR to be located in autosome IV.
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Introduction

Flies of the family Sarcophagidae are extremely common insects with a
worldwide distribution. These flies have an extensive variety of alimentary habits
during the larval phase, the most common of which involves animal carcasses
(JAMES, 1947).

Most reports on the Sarcophagidae deal with their medical importance and
role in the degradation of larval substrate or carrion (CORNABY, 1974; JAMES,
1947, JIRON and MARIN, 1982).

Members of the Sarcophagidae and Calliphoridae are the main invertebrate
consumers of vertebrate carcasses (BRAACK, 1987). Pattonella intermutans is
reported to be a good forensic indicator in carcass in the region of Campinas, Brazil
(CARVALHO, 1996). The distribution of this species is Neotropical (Brazil, Costa
Rica, Equator, Guatemala, Guyana, Honduras, Mexico, Panama, Paraguay, Peru, Sta.
Lucia, Trinidad & Tobago) (PAPE, 1996).

Previous investigations on the karyotype of some species of Sarcophagidae
have revealed that the size of the sex chromosomes varies greatly from species to
species (STEVENS, 1908; METZ, 1916; 1922; KENEUKE, 1924; BOYES, 1953;
1963; BOYES and VAN BRINK, 1965; KAUL et al., 1978, TEWARI ef al, 1983).
In contrast, the gross morphology of the autosomes is rather uniform throughout the
family.

The present investigation is part of a more comprehensive project aimed at
studying the cytogenetics of different species of Muscoidea by comparing the general
morphology and number of their chromosomes, particularly the sex chromosomes, and
their nucleolar organizing regions (NORs).

Here, we describe the chromosomal morphology of this Neotropical species
compared to the standard profile for the Sarcophagidae.

Material and Methods

Fly rearing: Flies were maintained in the Entomology section of the Department of
Parasitology, State University of Campinas (UNICAMP). The colony was started
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from flies collected in rat carcasses around the Biology Institute at UNICAMP. The
adults were kept in nylon cages (30x30x48cm), at 24+2°C and, 40-50% relative
humidity on a 12 h light/dark cycle. The flies were fed sugar cane and water 24
hour/day.

Chromosome preparation: Mitotic chromosomes were obtained from the brains of
L3 larvae. Meiotic chromosomes were obtained from the testis cells of young males.
Hypotonic treatment and fixation were performed as described by IMAI et al. (1988).

Chromosome morphology: For morphological studies, the slides analyzed were
mainly those stained with 10% Giemsa. Mean descriptive values of the karyotype were
calculated from information obtained from a minimum of one well-spread mitotic
metaphase plate from each of 10 individuals. The nomenclature of LEVAN ef al.
(1964) was used to describe the chromosome morphology.

C-banding: It was performed the SUMNER’s technique (1972) with slight
modification to allow the localization of constitutive heterochromatin regions.

FISH: In situ hybridization was performed on mitotic and meiotic cells, using a 12Kb
rDNA probe (pDm 238-Drosophila melanogaster). Chromosome preparations were
pretreated with RNase, dehydrated in an ethanol series and air-dried. The preparations
were then denatured in formamide solution 70% (formamide in 20% 10xSSC) at
70°C, for 2 min and immediately dehydrated in cold 50%, 75% and absolute ethanol.
The hybridization was performed for at least 16 h, in a humid chamber, at 37°C.

The slides were washed twice in 50% formamide solution (in 2xSSC) and
twice in 2xSSC for 5 min each. The slides were incubated with the first antibody
(antibiotin) in a humid chamber at 37°C for 45 min. After washing in PBT (PBS 1x,
0.1% Tween 20 and 0.4% BSA 30% w/v), the slides were incubated with the second
antibody (RAG-FITC) for 45 min in a humid chamber at 37°C. Following a final wash
in PBT, the slides were stained in propidium iodide and mounted with anti-fading.

The probe was labeled using the bionik kit (Gibco-nick translation) and
denatured for 10 min at 100°C immediately before the hybridization.

After in situ hybridization, some slides were washed in water for 2 h and
stained with Giemsa for better morphological identification of each chromosome and
to ascertain the exact location of the signal (VIEGAS-PEQUIGNOT, 1992).
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The slides were examined using an Olympus fluorescence microscope and
photographed with 400 ASA color negative film.
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Results

Karyotype morphology

The P. intermutans karyotypic complement consists of five autosomal pairs
and one pair of sex chromosomes XX/XY (females XX/ males XY) (Figs. 1, 2).
Morphometric analysis of mitotic chromosomes confirm that pairs I, III and V are
metacentric and pairs IT and IV are submetacentric (Table 1).

Pair 1 is the longest autosome of the complement and is just slightly bigger
than pair II. Chromosome I is the only one of the complement with a distinct space in
the centromeric region (Fig. 1: arrow). Pairs III and IV are similar in length, making it
difficult to distinguish between them. Pair V is smaller than any other pair, and
corresponds to 11% of the total complement length (TCL).

Chromosome X is subtelocentric and the longest of the whole complement;
the Y chromosome is submetacentric and just half the size of X. Chromosomes X and
Y appear heteropycnotic after conventional staining (Figs. 1, 2).

C Band

All the autosomes have big blocks of heterochromatin in the pericentromeric
region (Figs 3-6)

After C-banding, a big pericentromeric block is very noticeable in pair I, and
is an unmistakable characteristic of that chromosome. This pair usually exhibits the
most prominent band of the complement and its distribution around the centromere is
asymmetric (Figs. 3. 6; arrows).

In addition to the pericentromeric band, pair Il shows an intercalary band on
the long arm that is shorter and lighter than the pericentromeric band (Figs. 4, 5).
There is a large pericentromeric band on the small arm of pair IV and a minute
pericentromernic band on the long arm (Fig. 6).

The sex chromosomes seems totally heterochromatic. In some metaphases,
the X (Fig. 3) and Y (Figs. 3, 5) chromosomes show different band intensities.
Previous analysis using restriction endonucleases have also shown bands with different
mtensities, possibly indicating different classes of heterochromatin (data not shown).
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C-banding in meiotic chromosomes (Fig. 6) shows the same bands seen in
mitotic chromosomes. The X and Y chromosomes show an allocyclic behavior typical
of heterochromatic chromosomes at meiosis (Fig. 6; arrowhead).

In situ hybridization

In situ hybridization, in meiotic chromosomes, with a rDNA probe showed
that the NOR is located on autosome pair IV (Fig. 7).

The intense signal, seen in both homologs, coincided with the location of the
big block of heterochromatin present in this chromosome pair, as described above

(Fig. 6).
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Table 1. Data from analysis of the somatic complements of P. intermutans. The
relative length of Y was expressed as a function of the length of X. N=10.

Chromosome I n 1 v v X Y

Length (pm) 53 4.5 3.9 38 29 7.7 3.4
Arm ratio 1.23 1.91 1.45 1.75 1.16 332 2.1
Relative length 0.19 0.16 0.14 0.14 0.11 0.26 0.12
Designation M Sb M Sb M St Sb

M: metacentric; Sb: Submetacentric; St: subtelocentric.
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Figs. 1, 2: Mitotic chromosomes in P. infermutans. 1: Mitotic male metaphase
showing 12 chromosomes; 2: Mitotic female metaphase. All the autosomes exhibit
somatic pairing. Arrow in figure 1 shows the space in the centromeric region of pair 1.
Scale bar= 10um.

Figs. 3-6: C-banded chromosomes in P. intermutans. 3-5: Mitotic chromosomes. 6:
Meiotic chromosomes. Arrow in Fig. 3 and 6 show a big band in pair I. In Fig. 4 a
small interstitial band is seem in pair II. The autosomes show pericentromeric C bands
and the sex chromosomes are totally heterochromatic. Arrowhead in Figure 6 shows
allocyclic behaviour for heterochromatic chromosomes. Scale bar= 10um.
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Fig. 7: FISH of P. intermutans chromosomes using a Drosophila rfDNA probe. White
arrow indicates the FISH signal in pair IV, The hybridization signal is yellow, whereas
the chromosomes and nuclei are counterstained with propidium iodide (red).
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Discussion

The modal number of chromosomes among species of the family
Sarcophagidae is 20=12. Only Pseudosarcophaga affinis is exceptional in having
2n=19/20 and chromosomes of unusual morphology (BOYES, 1953).

‘ Previous studies of the karyotypes in this family (METZ, 1916, BOYES,
1953; BOYES, 1963, KAUL ef al., 1978) have shown that the size of the sex
chromosomes varies considerable among the species, as also occurs for other dipteran
groups (BOYES and BOYES, 1975; KAUL and TEWARI 1979; PARISE,
unpublished data).

The results of our analysis of the karyotype of P. intermutans fit this pattern
of autosomal and sex chromosomic organization.

In agreement with reports (BOYES, 1953; 1963) for the subfamily
Sarcophaginae (Helicobia sp, Helicobia rapax, Neobelliera bullata, Sarcophaga
carnaria and Sarcophaga exuberans, among others) there was little difference in the
relative lengths and arm ratios among the autosomes. This feature was first noted by
BOYES and VAN BRINK (1965) and by KAUL et al. (1978) and GAUR et al.
(1984). This similarity supports the argument that the autosomes of the Sarcophagidae
retain a high degree of structural integrity and may have differentiated by structural
rearrangements, which did not affect the gross morphology of the chromosomes
(KAUL et af., 1978). In contrast, the sex chromosomes exhibit considerable variation
in size and morphology and their length does not correlate with total autosome length.
The constancy of the total autosome length and the variability of the sex chromosomes
strengthen the hypothesis that great modifications in the sex chromosomes do not
cause a loss or gain in autosomal material.

Big blocks of constitutive heterochromatin characterize the chromosomes of
P. intermutans, and the sex chromosomes are totally heterochromatic. C-banding
show variably stained segments along the length of these chromosomes. KAUL ef al.
(1978) reported differential staining in the sex chromosomes of Parasarcophaga spp
and suggested that large changes in the size of the sex chromosomes must have taken
place by the accumulation or deletion of heterochromatin. This variation was both
quantitative and qualitative since there were some segments differentially stained.
Euchromatic segments have not been as well studied as heterochromatic segments.
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Euchromatic segments have played a relatively minor role in chromosomes events and
the karyotype has evolved mainly through changes in the amount, nature and
distribution of heterochromatic segments.

Heterochromatin has a significant role in the evolution of sex chromosomes.
The incorporation of inert heterochromatin can represent an initial phenomenon in the
specialization of sex chromosomes (JOHN, 1988; Review JABLONKA and LAMB,
1990). According to the model described by MULLER (1932), morphologically
distinct sex chromosomes would have evolved from normal, homomorphic autosomes.
One typical process during the progression to heteromorphic sex chromosomes is the
heterochromatinisation of one of the two sex chromosomes in the heterogametic sex
(OHNO, 1967, for review see JOHN, 1988).

During heterochromatinisation, the original sequences undergo dramatic
changes, genes degenerate to pseudogenes, the chromosomal region acquires all kinds
of transposable elements and DNA segments are duplicated (STEINEMANN and
STEINEMANN, 1992). At the end of the process, one of the two sex chromosomes
may become heterochromatic, the number of functional genes may be drastically
reduced and, in the extreme case, the only genes that remain functional are those
involved in fertility, as is the case in Drosophila (for review see HENNIG, 1986).

With sex chromosomes of different sizes (big, as in Pattonella intermutans,
or small, as in Parasarcophaga spp) there may be a move towards total loss of the sex
chromosomes, as in some species of the family Muscidae, or to an accumulation of
parts of autosomes, thereby increasing in size.

Ribosomal DNA is extremely conserved among diptera species and NORs are
therefore good markers for studying karyotypic evolution. In most studied so far, the
NORC(s) are located in the sex chromosomes (BEDO and HOWELLS, 1987, BEDO
and WEBB, 1989; WILLHOEFT and FRANZ, 1996, WILLHOEFT, 1997). KAUIl
and collaborators (1989) applied the N-banding technique to six species of
Parasarcophaga and obtained similar results to C banding for all the chromosomes,
although they were not able to distinguish between C bands and NORs. The detection
of NORs by conventional techniques may be difficult, mainly because of the lack of
specificity of these techniques. The use of in sity hybridization can circumvent these
limitations and was useful for detecting the location of the NOR in P. intermutans. In
this case, the NOR was not located on the sex chromosomes, but in autosome IV,
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close to a big block of constitutive heterochromatin. This may be further evidence of
an intermediary stage in the evolution of sex chromosomes, with important sequences
of the genome moving to other sites to avoid drastic consequences, associated with
the loss of part of the sex chromosomes.
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4. CONCLUSOES GERAIS

Os cromossomos sexuais estio presentes nos Muscideos Ophyra chalcogaster
(Subfamilia Azeliinae), Synthesiomyia nudiseta (Subfamilia Reinwardtiinae) e
Musca domestica (Subfamilia Muscinae), nos Califorideos Chrysomya putoria e
C. megacephala e no Sarcofagideo Pattonella intermutans. As espécies Muscina
stabulans (Subfamilia Reinwardtiinae) e Haematobia irritans (Subfamilia
Muscinae) sdo Muscideos considerados excecdes por apresentarem cinco pares de
cromossomos e auséncia do par sexual. Com excegdo de M. domestica todas as
especies possuem o par sexual heteromorfico.

Os cromossomos sexuais de todas as espécies de Muscidae estudadas sdo
metacéntricos, assim como os de C. putoria. Chrysomya megacephala e P.
intermutans possuem o X subtelocéntrico e o Y de P imtermutans ¢
submetacéntrico. Estes cromossomos sio totalmente heterocromaticos nos
Muscideos e no Sarcofagideo e parcialmente heterocromaticos nas especies de
Califorideos.

Foi encontrada consideravel diferenca com relago ao tamanho dos cromossomos
sexuais. Estes sdo muito pequenos em Q. chalcogaster, médios em M. domestica e
nas espécies de Chrysomya e muito grandes em S. nudiseta e Pattonella
intermutans. O comprimento total do genoma, excluindo o cromossomo X, ¢
semelhante nos Muscideos M. domestica, S. nudiseta, M. stabulans e H. irritans.
Esta similaridade indica que o que faz o genoma das espécies com cinco pares de
cromossomos ser menor do que o das espécies onde o X estd presente € realmente
a auséncia dos Cromossomos sexuais

As regides organizadoras do nucléolo foram localizadas através da técnica de
FISH. A NOR esta localizada no par II de M. stabulans e M. domestica, no par 111
de S. nudiseta, no par IV de P. intermutans e nos cromossomos sexuais de C.
putoria e C. megacephala. Nas espécies onde as NORs est@o localizadas nos
autossomos (com excecdo de M. domestica) ha uma coincidéncia destas com
bandas intercalares de heterocromatina constitutiva. Uma vez que NORs em
dipteros estdo normalmente associadas aos cromossomos sexuais, o fato de
estarem localizadas nos autossomos de algumas espécies poderia ser interpretado
como um passo intermediario na evolugdo cariotipica, onde algumas seqiiéncias do
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genoma, no caso a NOR, poderiam ter mudado para os autossomos evitando
danos no caso de perdas de partes dos cromossomos sexuais.

O estudo dos cromossomos sexuais de algumas espécies das familias Muscidae,
Calliphoridae e Sarcophagidae forneceu resultados interessantes que sugerem que
na evolugdo dos cromossomos sexuais dos diferentes grupos tenham ocorrido
perdas independentes destes cromossomos, ¢ nfio uma origem comum a todos elas.
Parece haver uma relagdo entre cromossomos sexuais totalmente heterocromaticos
e a localizacdo da NOR nos autossomos. Observou-se que nas espécies onde os
Cromossomos sexuais ndo sdo totalmente heterocromaticos, a NOR esta localizada
nestes Cromossomos.

As espécies da familia Muscidae aparentemente estio num processo mais
adiantado na evolugdo dos cromossomos sexuais. Existe uma grande variagio de
tamanho entre os cromossomos sexuais de diferentes espécies, sendo encontrados
desde cromossomos muito grandes até pequenos pontos, sugerindo que partes
destes cromossomos foram se fundindo com os autossomos ou sendo perdidas.
Além disto, estes sdo heterocromaticos em todas as espécies estudadas e a NOR
esta localizada nos autossomos.

Pattonella intermutans possui grandes cromossomos sexuais totalmente
heterocromaéticos e a NOR também estd localizada nos autossomos. J4 as espécies
de Calliphoridae por nés estudadas, parecem estar em um processo intermediario,
onde o©s cromossomos sexuais ainda ndo apresentam-se totalmente
heterocromaticos € as NORs estdo localizadas nestes cromossomos e ndo nos
autossomos.
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