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Abstract

C-banding was used to study the variations in heterochromatic block markings in chromogoropbeits darlingandA. nuneztovari

from Manaus, State of Amazonas, and Macapa, State of Amap4, Brazil. Both species had two differently shaped X chromosomes ar
a’Y chromosome that was entirely heterochromatic. Thehdomosome oA. darlingihad markings that extended 1/3 of the total

length whereas in the Xhromosome the markings were located around the centromeric region. The markings on autosomal chromo-
somes were concentrated in the centromeric region in both species, with a heterochromatic block in one arm of chromdsome |1 of
darlingi. A. nuneztovariad three heterochromatic blocks in chromoson{oKger) and two blocks in Xshorter). XX females

were not detected in either species. Thant X,chromosomes of males were foundhirdarlingi, whereas i\. nuneztovaronly

the X chromosome was detected. Only intraspecific variation was found in heterochromatic block markings in the sex chromosomes
and autosomes in the two populations of both species at each location.

INTRODUCTION MATERIAL AND METHODS

AnopheleqNyssorhynchysdarlingi Root, 1926, Two natural populations @f. darlingiwere sampled,
is the main vector of human malaria in the Amazon region.with 20 individuals from Manaus (3°08’'S, 60°01'W),
AnophelegN.) nuneztovariGabaldon, 1940, is an im- Amazonas State, and 14 from Macapa (0°02’S, 51°03'W),
portant vector in Venezuela and Colombia, but its vecto-Amapa State. FoA. nuneztovaril7 individuals from
rial capacity in Brazil is controversial (Deagteal,, 1948; Manaus and 11 from Macapa were analyzed. Slides were
Deane, 1986; Tadet al.,1993, 1998). prepared from fourth instar larval brain ganglia, treated
Chromosomal studies &. darlingi populations  with a 0.005% colchicine-hypotonic solution, as described
from Minas Gerais, Brazil, and of other South American by Imaiet al.(1988). The slides were washed with dis-
species showed a karyotype of 2n = 6 (Schreiber andilled water, air dried and stored at room temperature for
Guedes, 1959), as in oth&nophelespecies (Coluzzi, 72 h. C-banding was done using the method of Sumner
1988). Rafael and Tadei (1998) reported an identical(1972), with a reduction in the barium exposure time (3
karyotype (2n = 6) foA. darlingi and A. nuneztovari  min). The best preparations were photographed using a

populations from the Amazon region. phase-contrast microscope fitted with a green filter.
C-banding analysis of mitotic chromosomes of

Anophelespecies from continental Asia (Bainsial., RESULTS

1995) revealed species complexes which inclusieat

pheles dirugBaimai, 1984; Hii, 1985) andnopheles The C-banding patterns of 76 out of 3larlingi

maculatudn the Neocellia serie€gllia) (Baimaiet al., metaphases from Manaus and 57 out of 74 from Macap4,

1993). C-banding was reported to be useful for identify- as well as 6. nuneztovarmetaphases out of 86 from
ing sibling species based on differences in the morpholManaus and 46 out of 53 from Macapa were photographed
ogy, quantity and distribution of heterochromatic blocks, and analyzedA. darlingiandA. nuneztovarnpopulations
principally in X and Y chromosomes (Baimei al, from both localities showed two types of X chromosomes
1993). (X,and X), which differed in the content and distribution

In spite of the epidemiological importance Af of heterochromatic blocks (Figure 1).Andarlingifrom
darlingi andA. nuneztovarin the Amazon region, there Manaus, the sex chromosomes had centromeric markings
are no data on C-banding of the metaphase chromosomebat extended to 1/3 of Xvhile the Y chromosome was
of these species. We studied the variation in heterochroentirely heterochromatic (Figure 2). Theckromosomes
matic block markings in metaphase chromosomes to deef samples from Macapa (Figure 2B) showed fewer mark-
termine the heterochromatic patterns in the Manaus andhgs, which extended only to the centromeric region. These
Macapa populations of these species. marking patterns were the same as that dfarlingifrom
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Figure 1- Diagrammatic comparison of metaphase karyotypésiophe-
les darlingiand Anopheles nuneztovafiom Manaus and Macapa. Only
one set of autosomes (Il and Ill) is shown. Variable heterochromatic por-
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Manaus. Chromosomes with a longer barium exposure (4
min) were more discolored than other preparations, al-
though centromeric markings were seen in autosomes Il
and lll and in the XX_ sex pairs (Figure 2C).

The C-banding pattern in autosomes oftlaarlingi
population from Macap&a was the same as thaA.of
darlingi from Manaus (Figure 1). In these populations,
the Il and Ill chromosomes had well-marked centromeric
regions (Figure 2B and C). All of the Il chromosomes had
a band which extended from the centromere along half the
length of one arm of the chromatid in each population (Fig-
ure 2B).

The variations in heterochromatic block markings in
X, X,and autosomal chromosomes of fauneztovari
from Manaus were the same as that.aiuneztovatirom
Macapa (Figure 1). The Xhromosome (longer) consisted
of three heterochromatic blocks (two telomeric and one
centromeric) and the Xhromosome (shorter) contained
two heterochromatic blocks, one of which was telomeric
and the other centromeric (Figure 3A, B and C). The X
chromosomes of femake. nuneztovarhad two hetero-
chromatic blocks (Figure 3). The centromeric heterochro-
matin markings of the autosomes were found in this spe-
cies (Figure 3D and E).

X, X, A.darlingi andA. nuneztovariemales were

tions are indicated in black. Chromosomes and heterochromatic portions arqiot found (Table ). Xand X males were found iA.

shown as a percentage of the total length. ¢ = Centromeric region; sc =

secondary constriction.
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Figure 2 - Metaphase karyotypes from larval neuroblast cellsnafpheles
darlingi. A = Male from Manaus; B = male from Macap4; C = female from
Manaus. Long arrows =X, chromosomes. Short arrows = centromeric
markings. Bar =10m.

arlingi while A. nuneztovanmnales had only the Xhro-
mosome.

DISCUSSION

C-banding studies of mitotic and meiotic chromo-
somes have provided important information on inter- and
intraspecific population variation iinophelespecies
and the technique has proven to be an excellent tool for
identifying species complexes (Baimaial,, 1993). In
this study the analysis of mitotic chromosomesAof
darlingi andA. nuneztovarilescribed above revealed in-
traspecific variation in the quantity and distribution of
heterochromatiblocks in sex chromosomes and in the
centromeric regions of autosomes (Figure 1). Kitzmiller
(1977) and Tadei (1985) suggested th&riophelege-
nus the X chromosome was more sensitive to rearrange-
ments than the autosomes. Intraspecific variation in sex
chromosomes through the acquisition of constitutive het-
erochromatin is a common phenomenon in Southeast Asian
anophelines. Baimait al.(1996) reported two types of
X chromosomes with floating frequencies in natural popu-
lations of Anopheleswillmori. The X chromosomes in
Amazonian populations &. darlingiandA. nuneztovari
most likely have similar mechanisms of adaptation in or-
der to survive in these populations.

The difference in size between theatd X chro-
mosomes ofA. nuneztovarimay have resulted from the
addition to or loss of part of one of these chromosomes.
The addition or loss of chromosomal heterochromatin in
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Figure 3- Metaphase karyotypes from larval neuroblast celswipheles nuneztovah = Female from Macap4; B = male from Manaus; C,
D =females from Manaus; E = female from Macapa. Short arrows = centromeric markings. Bar.= 10

Table | - X, and X chromosomes in females and maleswdpheles darlingandAnopheles
nuneztovarpopulations from Manaus (MAO) and Macapa (MC).

N°. of males and

females analyzed Females Males
Chromosome Chromosome
MAO MC combination MAO MC combination MAO MC
A. darlingi
20 14 XX, 7 5 XY 4 7
XX, 2 1 XY 7 1
XX, 0 0
A. nuneztovari
17 11 XX, 6 3 XY 9 6
XX, 2 2 XY 0 0
XX, 0 0

Anophelesas played an important role in chromosomal cruzii, according to Ramirez (1989) and Ramirez and
evolution inAnophelespecies (Vasanthet al., 1982; Dessen (1994, 1996). The inversions in the latter species
Baimaiet al, 1993, 1996). The )chromosome in Ama-  probably arose from differences in the homolog chromo-
zonian populations &&. nuneztovartould have been de- somes of the same specimen. However, the inversion poly-
rived from the presumed Xhrough the loss of an extra morphism detected iA. darlingi (Kreutzeret al, 1972;
heterochromatic block in the distal end of the chromo- Tadei et al, 1982; Tadei, 1985) and. nuneztovari
some arm. (Kitzmiller et al., 1973; Connet al., 1993) does not
The heterochromatic blocks &f darlingi andA. necessarily mean that inversions alone positioned the het-
nuneztovarare similar to those #&nophelegKerteszia erochromatic blocks in the chromosomes of these spe-
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cies. Rather, these blocks may have originated from dif-Coluzzi, M. (1988). Anopheline mosquitoes: genetic methods for species

ferences accumulated during evolution, as proposed by
Gattiet al. (1982) to account for differences in the het-

erochromatic patterns @énopheles gambiaand Ano-
pheles arabiensis

The C-banding in the present studirdarlingiand
A. nuneztovarpopulations exhibited only intraspecific
variation of the heterochromatidocks in X chromo-
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(Wernsdorfer, W.H. and McGregor, S., eds.). Churchill Livingstone,

Great Britain, pp. 411-430.
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RESUMO

of spontaneous chromosomal mutation and karyotype evolution in
ants with reference to the minimum interaction hypothelga. J.
Genet63 159-185.

Kitzmiller, J.B. (1977). Chromosomal differences among speciésof
phelesmosquitoesMosq. Syst9: 112-122.

Pela técnica do bandamento C detectou-se varia(;éo dgitzmiller, J.B., Kreutzer, R.D. andTallaferro, E. (1973). Chromosomal

marcacao dos blocos heterocromaticos dos cromossomos de
darlingi eA. nuneztovarile Manaus, Amazonas, e de Macapé

differences in populations @fnhopheles nuneztovaBull. W. H. O.
48 435-445.

' Kreutzer, R.D., Kitzmiller, J.B. andFerreira, E. (1972). Inversion poly-

Amapa, Brasil. Os cromossomos sexuais de ambas as espécies morphism in the salivary gland chromosome#obpheles darlingi
mostraram duas formas de cromossomos X e 0 Y foi totalmente  Root.Mosq. New82: 555-565.

heterocromatico. No cromossomoadeA. darlingia marcacao

atingiu 1/3 e no cromossomg i apenas na regido centromerica.

Nos autossomos de ambas as espécies as marcacgdes for%m
constantes nas regides centroméricas, e 0 cromossonmi.ll de
darlingi mostrou um bloco heterocromatico em um dos bracos.

Rafael, M.S.andTadei, W.P.(1998). Metaphase karyotypesfafopheles

(Nyssorhynchysdarlingi Root andA. (N.) nuneztovariGabaldén

(Diptera; Culicidae)Genet. Mol. Biol21: 351-354.

amirez, C.C.L. (1989). Estudo cromossdmico em uma populagéo de
AnophelegKerteszig cruzii Dyar & Knab, 1909. Master’s thesis,
Inst. de Biociéncias, USP, S&o Paulo.

A. nuneztovarimostrou polimorfismo de tamanho para 0 Ramirez, C.C.L.andDessen, E.M.B(1994). Cytogenetic analysis of a

cromossomo X, tendo o X maior (Xrés blocos e o menor (X
dois blocos heterocromaticos. Fémeas homozigotis YXéo
foram detectadas nas duas localidades. Em mactoslddingi
foram encontrados os cromossomg®X,, enquanto que em
machos dé\. nuneztovarsomente o cromossomgqi detec-

natural population oAnopheles cruziiRev. Bras. Genet7: 41-46.
Ramirez, C.C.L.andDessen, E.M.B(1996). The polytene chromosomes
of the mosquitcAnopheles bellatocompared with those @noph-

eles cruziiBraz. J. Genetl9: 555-558.
Schreiber, G.andGuedes, A.S(1959). Estudo comparativo do cromosoma
X em algumas espécies dmophelesdo sub-genNyssorhynchus

tado. Apenas variacao intraespecifica de blopos heterocrométicos (Dipt.: Culic.).Ciénc. Cult11: 128-129.
Nos cromossomos X e nos autossomos foi registrada nas duamner, A.T.(1972). A simple technique for demonstrating centromeric
populacdes de ambas as espécies estudadas em cada localidade heterochromatinExp.Cell Res75: 304-306.
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