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Abstract

The chromosome modal number in Muscoidea Diptera is 2n = 12, including 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 Muscidae species from different subfamilies and compared the
obtained data with the karyotypes of some species of the families Calliphoridae and Sarcophagidae. Comparisons of
these species with other Muscidae species revealed a considerable variation among their sex chromosomes. This varia-
tion in the length of the sex chromosomes suggests that parts of these chromosomes were lost or fused with autosomes.
The constitutive heterochromatic regions and the nucleolar organizer regions (NORs) were also analyzed and some
aspects about the relationship between these regions and the sex chromosomes are discussed.
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Estudo citogenético comparativo em moscas da familia Muscidae

Resumo

O nimero modal de cromossomos dos Dipteros Muscéideos € 2n = 12, incluindo cinco pares de autossomos e um par
de cromossomos sexuais. No entanto, algumas espécies com 2n = 10 cromossomos ja foram descritas, sendo todas per-
tencentes a familia Muscidae. No presente trabalho, foram analisados os cariétipos de algumas espécies de Muscidae
de diferentes subfamilias e os dados obtidos foram comparados com os caridtipos de algumas espécies das familias
Calliphoridae e Sarcophagidae. Comparagdes destas espécies com outras da familia Muscidae revelaram uma conside-
rdvel variag@o entre seus cromossomos sexuais. Esta variacdo no tamanho dos cromossomos sexuais sugere que parte
destes cromossomos foram perdidos ou sofreram fusdo com autossomos. As regides de heterocromatina constitutiva e
as regides organizadoras de nucléolos (RONs) foram também analisadas e alguns aspectos sobre a relagdo destas com
0s cromossomos sexuais sio discutidos.

Palavras-chave: Muscidae, citogenética, cromossomos sexuais, heterocromatina, FISH.

1. Introduction

Several Muscidae species present economic and/or
sanitary importance. The horn fly, Haematobia irritans

pathogenic organisms to humans and animals. Ophyra
chalcogaster (Wiedemann, 1830) is a Neotropical spe-

(Linnaeus, 1758) is a common, hematophagous, obli-
gate ectoparasite of cattle in Europe, North America and,
more recently, in South America (Williams et al., 1985;
Valério and Guimardes, 1983). The housefly, Musca
domestica (Linnaeus, 1758), is widespread, breeds in
a variety of organic matters, including human and ani-
mal excrement, and is a significant nuisance to human
populations. Muscina stabulans (Fallén, 1817) is also
widespread throughout the world, and is usually asso-
ciated with waste products of livestock and agricultural
processes (Williams et al., 1985). M. domestica and M.
stabulans may be involved in the transmission of various
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cies found near poultry facilities and its larvae are facul-
tative predators on the larvae of other flies, including the
housefly. Synthesiomyia nudiseta (Van der Wulp, 1883)
is a cosmopolitan species which breeds in several ani-
mals 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, although some species, all of them
from the Muscidae family, have 2n = 10. Among the lat-
ter species, Muscina stabulans and Haematobia irritans
were studied by Avancini and Weinzierl (1994), Parise
(1994), and Parise et al. (1996). These studies indicated
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that the absent chromosomes represent a heteromorphic
pair, usually considered to be the sex chromosomes. The
occurrence of 2n = 10 species in different Muscidae
subfamilies probably reflects independent losses of sex
chromosomes in different groups rather than a common
origin for these species (Boyes, 1967).

In order to address the understanding of the sex
chromosome origin and evolution in Diptera, we ana-
lyzed the chromosomes of three species of Muscidae
and compared the results with previous data (Avancini
and Weinzierl, 1994; Parise et al., 1996). Since in in-
sects the NORs and heterochromatin can be associ-
ated with sex chromosomes, we also investigated these
regions through FISH and C banding to identify the
NORs and the constitutive heterochromatin localiza-
tion, respectively.

2. Material and Methods

2.1. Fly rearing

The colonies of the species used in this work
were constituted by individuals collected in differ-
ent places. Ophyra chalcogaster and Synthesiomyia
nudiseta were collected at the Campus of the State
University of Campinas (Sdo Paulo State, Brazil),
and Musca domestica was collected at Sumaré city
(Sdo Paulo State, Brazil). The flies were maintained at
the Laboratory of Entomology of the Department of
Parasitology, State University of Campinas. The adults
had access to cane sugar and water 24 hours/day, and
were maintained at 24 + 2 °C, 40-50% relative humid-
ity, and on a 12 hours light-dark cycle. The flies were fed
with ground beef in order to stimulate the follicle devel-
opment and egg production (except M. domestica).

2.2. Chromosome analysis

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 done as described by Imai
etal. (1988). Mean descriptive values of the karyotype
were calculated using the information obtained from a
minimum of one well spread mitotic metaphase plate
from each of 5-10 individuals. The nomenclature used
to describe the chromosome morphology was based on
Levan et al. (1964). The C-banding was performed us-
ing Sumner’s technique (1972), with slight modifications
to allow the localization of constitutive heterochromatic
regions, and fluorescent in situ hybridization (FISH) was
performed in mitotic and/or meiotic cells using a rDNA
probe (pDm 238: recombinant plasmid with a 11,5 kb
fragment corresponding to the rDNA repetitive unit of
D. melanogaster, inserted in the Eco RI site of the pBR
322 plasmid (Roiha et al., 1981)). The FISH procedure
was done as described in Parise-Maltempi and Avancini
(2000). The slides were examined using an Olympus®
fluorescence microscope and photographs were taken on
400 ASA color negative films.

3. Results

3.1. Ophyra chalcogaster (subfamily Azeliinae)

The sampled individuals of O. chalcogaster has six
pairs of chromosomes, with three pairs of metacentric
chromosomes (II, V and the sex chromosomes), and
three pairs of submetacentric chromosomes (I, I1I, and
IV). Pair IV has an arm ratio very close to the limit be-
tween metacentric and submetacentric chromosomes,
and was classified as submetacentric (Figure la, and
Tables 1 and 2). Pair I has a secondary constriction in
the short arm (Figure 1b). The sex chromosomes form
a very small metacentric pair in which the X is ap-
proximately 3.5 times smaller than the chromosome I,
the largest chromosome of the whole complement. All
the autosomes have small blocks of heterochromatin
in the pericentromeric region (Figure 1c), and the sex
chromosomes are totally heterochromatic (Figure 1d).
There is an interstitial band on the short arm of pair
II which is coincident to a positive C band region
(Figure 1d).
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Figure 1. Mitotic chromosomes of Muscoidea flies. a) male
metaphase of O. chalcogaster; b) female metaphase
of O. chalcogaster; c, d) C-banded chromosomes of
O. chalcogaster - note in figure d an interstitial band in
pair II; e, f) chromosomes of S. nudiseta after conventional
staining; g, h) C-banded chromosomes of S. nudiseta - sex
chromosomes are totally heterochromatic and the autosomes
present pericentromeric bands; i) C-banded chromosomes of
M. domestica; j) C band in M. stabulans; and k) H. irritans
mitotic complement. In j and k: five chromosome pairs in
each species. The heteromorphic pair is absent.
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Table 1. Total and relative lengths of the chromosomes of several Muscidae species. The relative length of the Y chromosome

was expressed as a function of the X length.

Species 1 I 111 v A\ X Y TCL (um)
O. chalcogaster 8.3 7.3 6.6 6.4 5.7 2.7 1.7 37
M. domestica 7.1 6.4 5.8 5.0 4.6 6.6 n.a. 35.5
S. nudiseta 7.2 4.9 4.4 4.0 3.5 8.7 6.6 32.7
M. stabulans* 7.4 6.4 5.6 5.2 4.9 - - 29.5
H. irritans* 6.7 6.0 5.5 5.1 4.3 - - 27.6

*The karyotypes of these species were studied by Parise (1994), Parise et al. (1996), and Avancini and Weinzierl (1994).

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

Table 2. Chromosome arm ratios of several Muscidae species.

Species I I I v v X Y
O. chalcogaster 1.9Sb)  1.4M)  28(Sb)  L7(Sb)  L4(M) 1.5(M) 1.3(M)
M. domestica 1.3(M) 1.4(M) 1.7(Sb)  1.7(Sb)  1.4(M) 1L.6(M)  na.
S. nudiseta 1.1(M) 1.2M)  2.0(Sb)  1.4(M) 1.3(M) 1.4(M) 1.2(M)
M. stabulans* 1.1(M) 1.1(M) 1.5(M) 1.7¢Sb)  1.3(M) - -
H. irritans* 1.3(M) LIM)  23(Sb)  2.0(Sb)  1.6(M) - -

*The karyotypes of these species were studied by Parise (1994), Parise et al. (1996), and Avancini and Weinzierl (1994).

M: metacentric; Sb: submetacentric; n.a.: not available

3.2. Synthesiomyia nudiseta (subfamily Reinwardtiinae)

The species S. nudiseta also has six pairs of chromo-
somes, with five autosomes and a sex chromosome pair
(XX/XY) (Figures le,f). The karyotype is illustrated in
Figure 1f and the data for the complement are shown in
Tables 1 and 2. Pairs I, II, IV, and V are metacentric,
and pair III is submetacentric. The X is the largest chro-
mosome of the complement and together with the Y
forms a metacentric heterologous pair. The C banding
of mitotic chromosomes shows constitutive heterochro-
matin in the pericentromeric region of all the autosomes
(Figures 1g,h). The sex chromosomes are totally hetero-
chromatic as observed by the positive heteropicnose un-
der Giemsa staining and by C banding (Figures 1e,h).

3.3. Musca domestica (subfamily Muscinae)

Asreported by Milani et al. (1967) and E1 Agose et al.
(1992), the analyzed population of M. domestica also
has six pairs of chromosomes (Figure 1i). Morphometric
analyses revealed two pairs of submetacentric (III and
IV) and three pairs of metacentric autosomes (I, II and
V). The X chromosome is also metacentric (Tables 1
and 2). No heteromorphic chromosomes were visual-
ized in 36 individuals examined. The C-banding pattern
was similar to that found by El Agose et al. (1992) and
Hediger et al. (1998) in which all the autosomes have
pericentromeric C bands and the X chromosome is to-
tally heterochromatic, although darker staining is seen in
its pericentromeric region (Figure 1i).

3.4. In situ hybridization

In situ hybridization with an rDNA probe showed
that the NORs are located on autosomal pairs in the ana-
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lyzed Muscidae species. There is an intense signal in pair
II of M. stabulans (Figure 2a), which is coincident to the
location of the secondary constriction and a large block
of heterochromatin (Figure 1j). In M. domestica, the hy-
bridization signal is located in pair II (Figure 2b), and in
S. nudiseta the signal is on pair III (Figure 2c).

4. Discussion

Most Muscidae species have six pairs of chromo-
somes and one of these represents the heteromorphic
pair (Boyes et al., 1964). Our results generally agree with
these authors, except for M. stabulans (Reinwardtiinae)
(Parise et al., 1996) and H. irritans (Muscinae) (Avancini
and Weinzierl, 1994; Parise, 1994), which have five
chromosome pairs, without the heteromorphic pair.
In addition to M. stabulans, Boyes et al. (1964) found
other exceptions with five chromosome pairs, including
Phaonia variegata (Phaoniinae) and Neomyia nudissima
(Muscinae).

Kaul and Tewari (1979) studied seven species of the
family Muscidae. Four of these are representatives of the
subfamily Phaoniinae and have 2n = 10, while the re-
maining three species have 2n = 12. However, the com-
plement of these species did not resemble those of other
2n = 10 species since they have four metacentric chro-
mosome pairs of medium to very large size and a pair of
small dot-like chromosomes. The dot-like chromosomes
could be the sex pair because they did not show somatic
pairing.

The data obtained here were compared with our
early results (Avancini and Weinzierl, 1994; Parise
et al., 1996). The karyotype of the species with 10 chro-
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Figure 2. FISH using a Drosophila rDNA probe detected
with biotin and counterstained with propidium iodode.
a) M. stabulans (mitotic chromosomes); b) S. nudiseta
(meiotic chromosomes); and ¢) M. domestica (meiotic chro-
mosomes). Figures 2a and 2c: NORs located in pair 1I, and
Figure 2b: NORs located in pair III.

mosomes differed from each other in some aspects. In
H. irritans, pairs III and IV are submetacentric, while in
M. stabulans only pair IV is submetacentric. In addition,
M. stabulans has two secondary constrictions in pair I
and another in pair II, whereas H. irritans has only one
secondary constriction located in pair II. Variations in
the arm ratios and location of secondary constrictions in

the species with 2n = 10 were also noted by Boyes et al.
(1964). Such differences were considered sufficient to
indicate that the species were not closely related.

The five species showed little variation in the size
of their autosomes. In M. domestica, M. stabulans, and
H. irritans, these chromosomes are slightly larger than
in S. nudiseta, whereas O. chalcogaster has much larger
autosomes than the other species. The autosomal mor-
phology also varied little among the species. Except for
O. chalcogaster, pair 1 is typically metacentric. Pairs II
and V are metacentric in all species. In M. stabulans pair
11 is metacentric while in the other species it is submeta-
centric. Pair IV is metacentric in S. nudiseta but submet-
acentric in the other species.

The sex chromosomes, identified in some of the ana-
lyzed species, are metacentric but varied considerably in
size. O. chalcogaster, that presents the largest autosomes,
has very small sex chromosomes. In S. nudisseta, these
chromosomes are very large, and the X chromosome rep-
resents the largest of the complement. In M. domestica
the sex chromosomes are of medium size.

Comparing the results about five Muscidae spe-
cies analysed in our research, is possible observed that
the total chromosome length was very similar in four
(M. stabulans, H. irritans, M. domestica,and S. nudiseta),
excluding the X chromosomes of M. domestica and
S. nudiseta. This observation indicates that the absence
of sex chromosomes makes the genomes of M. stabulans
and H. irritans smaller than of flies where the X chromo-
some is present. There was no evidence of a possible fu-
sion of the sex chromosomes to autosomes in these two
species.

Variations in the morphology of the sex chromo-
somes in the subfamily Muscinae have also been reported
(Boyes et al., 1964). Thus, the Y chromosome of Musca
vetustissima is exceptionally large and submetacentric, the
Y of M. domestica calleva is relatively small, and meta-
centric, and this sex chromosome of M. autumnalis is tiny
and acrocentric. These authors described a similar situa-
tion in the subfamily Phaoniinae, where Phaonia basalis
(Zetterstedt, 1838) has a very large sex pair, Ophyra
leucostoma (Wiedemann, 1830) has tiny sex chromo-
somes, and Muscina stabulans and Phaonia variegata
(Meigen, 1826) lack the sex pair that is normally present
in the 12 chromosomes of several species.

Similar variations to those described above were
also observed in the present study, suggesting that sub-
stantial changes in these chromosomes can be tolerated,
without serious consequences to most species in these
subfamilies. The fact that most of these species have sex
chromosomes, regardless of their size, indicates that the
presence of sex chromosomes represents the more primi-
tive condition in Muscidae. The reduction of the chro-
mosome number appears to have occurred independently
in the different genera of the two subfamilies (Muscinae
and Reinwardtiinae). If one accepts the hypothesis of
the loss of sex chromosomes in Muscidae, the evolution
of these chromosomes from homomorphic sex chromo-
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somes must be considered (Ohno, 1967; for review see
Bull, 1983 and John, 1988). Thus, the absence of sex
chromosomes could represent a new stage after the dif-
ferentiation of these chromosomes.

The quantity and localization of constitutive hetero-
chromatin have a significant role in the sex chromosome
evolution. The incorporation of heterochromatin repre-
sents an initial step in the specialization of these chro-
mosomes (John, 1988; reviewed by Jablonka and Lamb,
1990). Schmid (1983) has argued that heterochromatini-
zation 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 (Kaul et al., 1978; Wallace and Newton,
1987; Marchi and Mezzanotte, 1990; Bedo, 1991; El
Agose et al., 1992). While in many species only the Y
chromosome is heterochromatic, in the examined spe-
cies both sex chromosomes were totally heterochromatic.
The large darkly stained heterochromatic blocks in the
sex chromosomes are probably not involved in sex de-
termination and the genes related with sex determination
in the analyzed Diptera Muscoidea are probably located
in an autosome. Some animals, like M. domestica, carry
sex chromosomes that lack large blocks of heterochro-
matin but are viable. This indicates that these missing
C-banding positive parts contain no vital genes (Hediger
et al., 1998).

Boyes and Van Brink (1965) reported a tendency
for the X chromosome (and to a lesser extent the Y) to
accumulate heterochromatin and to 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 independ-
ently lost.

The NORs are also good markers for evolutionary
studies since the TDNA genes are extremely well con-
served amongst Diptera species. In most Diptera, the
NORC(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 the sex chro-
mosomes of M. stabulans, M. domestica, and S. nudiseta.
This situation may represent an intermediate step in the
chromosomal evolution in this group. Some genome se-
quences, including the major ribosomal genes, may have
moved from the sex chromosomes to autosomes, in order
to avoid damage due to a partial loss of the sex chromo-
somes.

In general, certain cytogenetically important regions
always occurred on Muscoidea chromosomes II and III.
Thus, M. stabulans and H. irritans, for example, have
a secondary constriction in the short arm of chromo-
some II where there is also an interstitial C band. The
NOR is located in this same region in M. stabulans.
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O. chalcogaster has a C band in pair II and another in
pair IIL. In S. nudisseta the NORs are located in pair I1I,
and in M. domestica in pair II. Chromosomes II and III
may be associated with sex determination, as has been
reported in some Diptera species. These observations
strongly suggest, but do not prove, an autosomal sex de-
termination in Muscidae species. Despite of the impor-
tant publications on Drosophila, M. domestica, and other
species, the origin of the sex chromosomes of flies had
remained largely non-documented.
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