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C-banding and FISH in Chromosomes of the Blow Flies
Chrysomya megacephala and Chrysomya putoria
(Diptera, Calliphoridae)

Patricia P Parise-Maltempi/*, Rita MP Avancini*

Departamento de Biologia Celular *Departamento de Parasitologia, Instituto de Biologia, Caixa Postal 6109,
Universidade Estadual de Campinas, 13083-970 Campinas, SP, Brasil

The blow fliesChrysomya putoriandC. megacephalhave 2n=12 chromosomes, five metacentric
pairs of autosomes and an 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 subtelo€entric in
megacephaland metacentric ilC. putoriaand is about 1.4 times longer @ putoria.All autosomes
were characterized by the presence of a C band in the pericentromeric r€giputoriaalso has an
interstitial band in pair Ill. The sex chromosomes of both species were heterochromatic, except for a
small region at the end of the long arm of the X chromosome. Ribosomal genes were detected in meiotic
chromosomes by FISH and in both species the NOR was located on the sex chromosomes. These resu
confirm thatC. putoriawas the species introduced into Brazil in 1970s, andCnahloropygaas for-
merly described.
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ChrysomyanegacephalandC. putoriabelong Azeredo-Spin and Pavan (1983) studied the
to the family Calliphoridae which includes severathromosomes of some Brazilian strains of three
common synanthropic forms, most of them withChrysomyapecies a few years after their introduc-
saprophagous habits. Some of these blow flies atien into this country. Based on a comparison of their
considered a serious public health problem sinaesults with those of others (Ullerich 1976), these
certain species can cause myiasis in man and dmithors concluded that one of the species introduced
mestic animals (Greenberg 1971, 1973). into Brazil wasC. chloropygaand notC. putoria

The original geographic distribution of theseThe external morphology @&. chloropygas very
two species wa€. putoriain Africa andC. similar to that ofC. putoria Based mainly on this
megacephalan Asia and Australia (James 1970,similarity, Zumpt (1956) concluded that these flies
Guimarées et al. 1978). At the end of the 19Z0s, were subspecies rather than species, although this
putoriaandC. megacephalavere introduced into author subsequently accepted them as separate spe-
Brazil (Guimaraes et al. 1974, Prado & Guimardesies (Zumpt 1965). Boyes and Shewell (1975) and
1982) and are currently very common and aburiJllerich (1976) also considered these flies to be dis-
dant species in this and other South American coutinct species based on a cytogenetic analysis.
tries (Mariluis 1980, Laurence 1981, 1986, Prado In the present paper, we examined the karyo-
& Guimarées 1982). type of C. megacephalandC. putoriaand con-

Although considerable morphological variationfirmed that one of the species introduced into Bra-
has been found in the karyotypes of the species il was in factC. putoria In addition, we identi-
this family, the chromosome number is very stabléed the constitutive heterochromatic regions in the
at 2n=12 with five autosomes and a heteromochromosomes of these species using C-banding and
phic sex pair (Stevens 1908, Metz 1916, 1922¢cated the nucleolar organizer regions ugirsjtu
Keneuke 1924, Boyes & Wilkes 1953, Boyes &hybridization. The distribution of heterochroma-
Van Brink 1965, Boyes & Shewell 1975). tin, the location of NORs and the absence or pres-

ence of sex chromosomes in different species of
dipteran Muscoidea have been investigated, as has
the modal karyotype number (2n=12) in this group,
although species with 2n=10 chromosomes have
*Corresponding author and recipient of a Phl:peen described. In the latter cases, 'the absent pair
studentslgip fromgCapes_ Fax: +55_19Fi788_7821. Is the sex pair (Boyes et al. 1964, Parise et al. 1996).
Received 16 June 2000 The two species studied here show somatic
Accepted 13 November 2000 pairing. In all dipteran species and most cell types
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studied to date, there is intimate somatic pairin¢Gibco-nick translation) and denatured for 10 min
from early prophase up to metaphase (Metz 1916t 100°C immediately before hybridization.
Becker 1976). After in situ hybridization, some slides were
MATERIALS AND METHODS washed in water for 2 h and stained with Giemsa
for better morphological identification of each

Flies- The colonies o€. megacephalandC.  chromosome and to ascertain the exact location of
putoriawere started from flies collected from pu-the signal (Viegas-Pequignot 1992).

trid rat carcasses around the Institute of Biology at  All slides were examined using an Olympus
State University of Campinas. The species weruorescence microscope and photographed with
identified by tenuous external morphological char400 ASA color negative film.
acteristics. The adults were kept in nylon cages
(30x30x48 cm) at 24+2°C and 40-50% relative RESULTS
humidity on a 12 h light/dark cycle in the Ento- The karyotypic complements &@. putoria
mology Laboratory of the Department of Parasi{Figs 1-5) andC. megacephaléFigs 6, 7) consist
tology. The adults had access to sugar cane 24df/five autosomal pairs and one pair of sex chro-
day and to ground beef a few hours/day. Watenosomes (females XX/males XY). All the chro-
was always available. mosomes of both species are metacentric (Table),
Chromosomereparation- Mitotic chromo- except for the X chromosome Gf megacephala
somes were obtained from the brains of L3 larvaevhich is subtelocentric. Analysis of the total chro-
Sexing is not feasible in immature specimens ahosome length (TCL) show no major difference
these species. Meiotic chromosomes were obtaingdkaryotype lengthQ. megacephal&6.8 mm and
from the testicular cells of young males. Hypotoni€. putoria,37.8 um).
treatment and fixation were performed as described The X chromosome o. putoriais 1.4 times
by Imai et al. (1988). longer than that o€. megacephaland in both
Chromosomamorphology- For morphologi- species the Y chromosome is much shorter than
cal studies, the slides were stained mainly with 10%he X chromosome. One of the X chromosomes
Giemsa. Mean descriptive values of the karyotypegsom femaleC. putoriashows a satellite at the end
were calculated from the information obtained fromof the short arm, similar to that seen in male X
a minimum of one well-spread mitotic metaphasehromosomes (Figs 1-4). Gt megacephalaome
plate from each of 5-10 individuals. The nomenpreparations also show a secondary constriction in
clature of Levan et al. (1964) was used to descritibe long arm of the X chromosome of Fig. 6.
the chromosome morphology. All the autosomes of both species show a C
C-banding- Sumner’s technique (1972) wasband in the pericentromeric region (Figs 3-7). A
used with slight modification in the temperature tesmall interstitial band is also present in chromo-
allow the localization of constitutive heterochro-some Il ofC. putoriaand is probably related to a
matic regions. secondary constriction region (Fig. 5; arrow).
FISH - In situ hybridization was performed in The X chromosomes @. putoriaare hetero-
meiotic cells using a 12kb rDNA probe (pDm 238-chromatic, except for a small region located at the
Drosophila melanogastgrChromosome prepara- end of the long arm (Figs 3, 4). A similar C-band
tions were pretreated with RNAse, dehydrated ipattern was seen in the X chromosomeCof
an ethanol series and air dried. The preparationsegacephalahich also has a terminal region that
were then denatured in 70% formamide solutiors not C-banded (Figs 6, 7). The Y chromosome of
(formamide in 20% 10xSSC) at 70°C for 2 minboth species is totally heterochromatic.
and immediately dehydrated in cold ethanol. The In situhybridization shows that there is a NOR
hybridization was performed for at least 16 h in @n the sex chromosomes of both species (Figs 8,
humid chamber at 37°C. 9). The sex chromosomes assumes an allocyclic
The slides were washed twice in 50%behavior typical of heterochromatic chromosomes
formamide solution (in 2xSSC), twice in 2xSSCat meiosis (Figs 8, 9), and for this reason it was not
for 5 min each and then incubated with the firspossible to be certain whether the signal was lo-
antibody (antibiotin) in a humid chamber at 37°Ccated on the X, or both sex chromosomes.
for 45 min. After washing in PBT (PBS 1x, 0.1%
Tween 20 and 0.4% BSA 30%, w/v), the slides o DISCUSSlo_N o
were incubated with the second antibody (RAG- C. putoriais morphologically very similar to
FITC) for 45 min in a humid chamber at 37°C.  C. chloropygaBased on the similarity of the male
Following a final wash in PBT, the slides weregenitalia, Zumpt (1965) concluded ti@tputoria
stained with propidium iodide and mounted in antiwas a variant of. chloropygavhich he classified
fading. The probe was labeled using a Bionik kifsC. chloropygaform putoria However, subse-
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guent crossing experiments showed that these fliserved in the population we studied but, in agree-
were at least partly genetically isolated and mement with Azeredo-Spin and Pavan (1983), no
ited species status (Zumpt 1975). Boyes ancbnstriction was seen in the Y chromosome.
Shewell (1975) and Ullerich (1976) considered Our data on chromosomal morphology differed
these species to be distinct based on their cytogieem those of Ullerich (1976) only for pair Il, which
netic characteristics, and this is the currently adie considered submetacentricdnputoriaandC.
cepted view. chloropygaalthough no arm ratios were reported.
Azeredo-Spin and Pavan (1983) considered the The gross morphology observed here was more
karyotypic organization of Cchloropygato be similar to that reported by Boyes and Shewell
more similar to that described by Ullerich (1976)1975) for a population from Johannesburg, in
for C. chloropygathan forC. putoria However, which all the autosomes were metacentric, than to
there are very subtle differences between the karythat of other authors (Ullerich 1976, Azeredo-Spin
types described by Ullerich (1976) f6r putoria & Pavan 1983).
andC. chloropygaThis author differentiated the ~ Secondary constrictions were found only in
two species on the basis of two features presectiromosome Ill. Boyes and Shewell (1975) re-
only in C. putoria an interstitial C band in chro- ported no such constriction, whereas Ullerich
mosome Il and a secondary constriction in the Y1976) observed secondary constrictions in chro-
chromosome. An interstitial band was indeed obmosomes Il and Il of botl€C. putoriaand C.

. 3

Mitotic chromosomes o€hrysomya putoriaFig. 1: female C banded metaphase showing 12 chromosomes. Fig. 2: male

metaphase. Figs 3-5: C-banded chromosomes. Note the banded pericentromeric regions. In Fig. 3 the X chromosomes show |

terminal C band negative region. In Fig. 4 the Y is totally heterochromatic and in Fig. 5 there is an interstitial barit.in pair
Scale bar = 10 pm
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Thus, comparison of our data on chromosomal
morphology with those of Boyes and Shewell
(1975) and Ullerich (1976) and with the C-band-
ing pattern provided by Ullerich (1976), together
with more recent studies, indicated that the spe-
cies introduced into Brazil w&3. putoria.

The autosome lengths observed fOr
megacephalavere very similar to those found by
Azeredo-Spin and Pavan (1983) for populations
from the same region (Campinas, Brazil). How-
ever, the latter authors found a secondary constric-
tion in pairs I, lll and IV (VI, IV and lll, respec-
tively, of these authors’ classification) which was
not observed her€. megacephalfrom Japan also
7 shows a secondary constriction in pair 11l (Ullerich

1963). Boyes and Shewell (1975) found no such
constriction in populations from Australia. In the
present study, a secondary constriction was seen
in the X chromosome, although Azeredo-Spin and
Pavan (1983) and Ullerich (1963) reported no such
structure. In our specimens, this chromosome was
subtelocentric, which agree with the above authors.
- In strains from Australia, the X chromosome is te-
Tx locentric, with a secondary constriction. The di-
vergence between these two Brazilian populations
most likely appeared after the introduction and
—_— establishment of. megacephal this country.

_— Among the Calliphoridae studied to date, in-
C-banded mitotic chromosomes ©hrysomya megacephala . :
Fig. 6: female chromosomes. Fig. 7: male chromosomes. TI%Udmg mos’Chrysomyapemes, the sex chrpmo-
autosomes exhibit somatic pairing. The Y chromosome is téomes are medium length, heterochromatic chro-
tally heterochromatic and the X chromosome is partially hetmosomes, and sex is probably controlled by a de-
erochromatic. Scale bar = 10 um terminant male factor present in the Y chromosome
(Ullerich 1963, 1976, Bedo 1991). Variations in
sex chromosome size were reported by Boyes and
chloropyga Azeredo-Spin and Pavan (1983) reShewell (1975) fo€. putoriaand we also observed
ported one secondary constriction on chromosomariations in the occurrence of a secondary con-
Il and possibly one on chromosome Il. In addi-striction in X chromosomes. Variations in this chro-
tion to chromosome IlI, we also observed a sesnosome were described by Ullerich (1961, 1963,
ondary constriction in the X chromosomes. 1971, 1973, 1976), whereas Melander (1963) de-
The C-banding pattern &. putoriaobserved scribed some Calliphoridae species in which the
here was very similar to that described by Ullericlsex chromosomes were not morphologically dif-
(1976), with pericentromeric bands in all autoferentiated (XX/XY). Indeed, the smallest chromo-
somes, interstitial bands in chromosome Il andome pair in species such @s albicepsandC.
totally heterocromatic Y and X chromosomes, exrufifaciesare not the sex chromosomes. Ullerich
cept for a distal part of the long arm of the latter.(1973, 1976) believed that the sex chromosomes

TABLE
Analysis of the somatic complementsGlirysomya megacephatendC. putoria
C. megacephala C. putoria
Chromosomes | Il 1 v \% X Y | 1] 1] \Y) \% X Y
Length(um) 75 71 62 61 55 44 25 75 68 63 57 54 61 18
Arm ratio 13 13 14 14 13 41 14 13 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 0.05
Designation M M M M M St M M M M M M M M

M: metacentric; St: subtelocentric. The relative length of Y was expressed as a function of the length of X.
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had been lost i€. rufifaciesand that sex was de- strictions. Similarly, in the present study, situ
termined by another pair of chromosomes. In corirybridization located NORs in the sex chromo-
trast, Boyes and Shewell (1975) stated that theomes ofC. putoriaandC. megacephalaHow-
small heterochromatic pair i@. rufifaciespopu- ever, since these chromosomes assume an
lations corresponded to the sex chromosomes. allocyclic behavior in meiosis, it was not possible
In many insects, including the higher Dipterato determine whether the signal was located on the
secondary constrictions and NORSs are located t&- or both X and Y chromosomes. This variation
gether on heterochromatic sex chromosomas the behavior of the sex chromosomes has also
(Hadjiolov 1985). Ullerich (1963) described thebeen described for species of Tachinidae
karyotype ofLucilia cuprinaand showed that the (Manjunatha & Puttaraju 1997). The latter authors
nucleolus was associated with secondary constrimdicated that the sex chromosomes had a strong
tions present in the X and Y chromosomesassociation of short duration and, like the species
Throughin situ hybridization, Bedo (1992) de- studied here, the X chromosome abutted the Y
tected a positive signal for rDNA in both sex chroehromosome at metaphase. This behavior sug-
mosomes okf. cuprinaandC. bezzianaand both gested that the repetitive DNA sequence, which
regions were associated with the secondary cooeuld recognize a specific protein conformation

Fig. 8: FISH inChrysomya putorianeiotic chromosomes. Fig. 9: FISH . megacephalaneiotic chromosomes. The white
arrows indicate the FISH signal in the sex chromosomes; the hybridization signal is yellow. The chromosomes and nuclei were
counterstained with propidium iodide (red).
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might exist on some part or the whole length oBoyes JW 1967. The cytology of muscoid flies. In JW
the arms of the X or Y chromosomes and that this Wright, R Pal (eds)Genetics of Insect Vectors of
could be important in maintaining their associa- g;ieggiyw"'o Elsevier Publ. Co., Amsterdam, p.
tion (Comings & Riggs 1971). So0%. :
N(ORS ar% not alg\]/\g/]ays Iocz';lted on the sex chrg0Yes JW. Shewell GE 1975. Cytotaxonomy of Calli-
mosomes. For instance, @ rufifaciesthe NOR phoridae (Diptera)Geneticad: 435-488.

. . . Boyes JW, Van Brink JM 1965. Chromosomes of
is located on the small heterochromatic pair VI. In calyptrate DipteraCan Genet Cytol :7/537-550.

some Muscidae species, NORs occur on aut@yyes Jw, Wilkes A 1953. Somatic chromosomes of

somes, even in species with sex chromosomes higher Diptera I. Differentiation of tachinid para-

(Parise-Maltempi & Avancini, unpublished data). sites.Can J ZooB31: 125-165.

In species such & rufifacies the factors involved Boyes JW, Corey MJ, Paterson HE 1964. Somatic chro-

in sex determination may be located on another mosomes of higher Diptera. IX. Karyotypes of some

chromosome. muscid specieCan J Zook2: 1025-1036.
Comparison of the karyotype, C-banding pat_Comings DE, Riggs AD 1971. Molecular mechanisms

tern and sex chromosomes shows tkat of chromosome pairing and functioNature 233
48-50.

megacephalandC. pUtor'a"’.‘re very similar, as Foster GG, Whitten MJ, Konovalov C, Bedo DG,

would be expec'ted_for species of the same genus. \jaddern RH, Boon DJ 1980. Cytogenetic studies

In contrastC. rufifacies which belongs to the same  of Lucilia cuprina dorsalis R.-D. (Diptera: Calli-

genus, showed a basic difference in that the NOR  phoridae) Chromosoma1: 151-168.

was located on an autosome. Guimardes JH, Prado AP, Buralli GM 1979. Dispersal
Foster et al. (1980) stated that the linkage and distribution of three newly introduced species of

groups oMuscadomesticgHiroyoshi 1977) and, ChrysomyaRobineau-Desvoidy in Brazil (Diptera,

possibly,Drosophila(Sturtevant & Novitski 1941) _ Calliphoridae)Rev Bras Entomol 2245-255.

may be homologous with. cuprina This raises CGuimardes JH, Prado AP, Linhares AX 1978. Three

the possibility that the linkage groups of the higher €Wl introduced blowfly species in southern Bra-

Diptera may have been conserved largely intact. gg_(g(;ptera, Calliphoridae)Rev Bras Entomdl2:

The similarity in the karyotypes of the musco',dGreenberg B 197Flies and Disease/ol. 1, Princeton
calyptrate Diptera, which have five autosomal pairs University Press, Princeton.
(Boyes 1967), is consistent with this hypothesigreenberg B 197Flies and Diseasé/ol. 2, Princeton
(Foster et al1980). University Press, Princeton.
Hadjiolov AA 1985.The Nucleolus and Ribosome Bio-
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