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SUMMARY

The mitotic chromosomes of the sibling species A and B of the Anopheles gambiae
complex were stained with Hoechst 33258 and examined by fluorescence
microscopy. The autosomes fluoresce homogenously and similarly in both
species while the sex chromosomes differ in the location and brightness of some
heterochromatic blocks. These cytochemical differences allow the cytotaxono-
mic identification of these cryptic species.

1. INTRODUCTION

THE Anopheles gambiae complex includes the most efficient vectors of human
malaria and filariasis in Africa south of Sahara. Crossing experiments and
cytogenetic studies have led to the recognition of six sibling species (merus,
melas, species A, B, C and D). These are characterised by a high degree
of morphological crypticism and by marked biological divergences involving
different levels of medical importance and different responses to insecticide
treatment (Davidson, 1964; Coluzzi and Sabatini, 1967, 1968, 1969;
Davidson and Hunt, 1973; White, 1974). Correct evaluation of the
epidemiological parameters and of control measures requires identification
of these siblings, particularly where they occur sympatrically.

In the A. gambiae complex, polytene chromosome studies have shown
interspecific rearrangements involving paracentric inversions (Coluzzi and
Sabatini, 1967, 1968, 1969; Davidson and Hunt, 1973). Alternative
sequences are fixed in homozygous states for the various siblings species and
constitute the taxonomic characters routinely utilised in the identification
of fourth-stage larvae (salivary gland polytene chromosomes) and of bloodfed
adult females (nurse cell polytene chromosomes) (Coluzzi, 1968). The
mitotic chromosomes appeared substantially identical in all members of the
complex with the exception of melas whose sex chromosomes are clearly
differentiated by the length of their heterochromatic zone (Coluzzi and
Sabatini, 1969).

Recent studies in Drosophila have shown the possibility of detecting
interspecific differences in the heterochromatin with fluorescence banding
techniques (Ellison and Barr, 1971; Holmquist, 1975a, b; Gatti et al., 1976).
This suggested the use of the same techniques in an attempt to differentiate
the species from the A. gambiae complex at the level of the rnitotic karyotype.
Species A and B were taken into consideration since they are the two
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members of the complex which are most widespread in Africa and which
most frequently occur sympatrically. The fluorescence pattern obtained
with the benzimidazol derivative Hoechst 33258 which binds and specifically
stains AT rich DNA (Weisblum and Haenssler, 1974; Comings, 1975; Latt
and Wohlleb, 1975; Gatti et al., 1976) was studied. Cytochemical differences
in the heterochromatin of species A and B were observed with this technique,
providing evidence for its usefulness at the cytotaxonomie level.

2. MATERIAL AND METHOD5

The material examined consisted of laboratory strains kindly provided
by Dr G. Davidson, London School of Hygiene and Tropical Medicine.
These strains are respectively from Garki, Northern Nigeria and Gezira,
Sudan in the case of species B, and from Natsini and Garki, Northern
Nigeria in the case of species A. The neural ganglia obtained by dissecting
larvae at various stages (I, II, III and IV) or by dissecting early pupae,
were placed for 1 hour 30 minutes in saline (007 per cent NaC1) containing
1 0 M colchicine. After hypotonic treatment they were fixed (Gatti et
al., 1 974a, b) and squashed in 45 per cent acetic acid under a silieonised
eoverslip. The coverslip was removed by freezing on dry ice and the slides
were stained with Hoechst, mounted and studied with the methods already
developed for Drosophila (Gatti et al., 1976).

3. RESULTS AND DIscussIoN

The karyotype of A. gambiae consists of two pairs of submetaeentric
autosomes and, in males, of telocentric X and Y chromosomes. The centro-
merie areas of the autosomes, the proximal half of the X chromosome and
the whole Y chromosome, are heterochromatic (Coluzzi and Sabatini, 1967,
1969). Fig. 1 comparatively shows some A. gambiae A and B metaphases
stained with Hoechst 33258. As can be seen, the autosomes fluoresce
homogeneously and similarly in both species while the sex chromosomes
have a species-specific fluorescence pattern. The X chromosome of species
A differs from that of species B in the location and appearance of the
Hoechst bright block. In addition, the Y chromosome of A has a bright
proximal area, unlike the Y of B which is entirely fluorochrome dull. These
fluorescence patterns are given idiogrammatically in fig. 2.

From figs. 1 and 2 it is evident that the difference in the fluorescence
patterns of species A and B cannot be simply the result of inversions. The
sex chromosomes of A and B, whatever their origin, show clear qualitative
differences in their heterochromatin. Further studies on samples drawn
from other populations of the two species may provide more precise indica-
tions as to the stability of the relative heterochromatin patterns and as to
the existence of intraspecific polymorphism.

Striking cytochemieal differences in the heterochromatin were observed
in Drosophila lydei sibling species (Holmquist, 1 975a), between Drosophila
melanogaster and Drosophila siinulans (Ellison and Barr, 1971; Gatti et al.,
1976) and in some closely related species of the Drosophila nirilis group
(Holmquist, 1975b; Gatti et al., 1976). The present data confirm these
observations for mosquito material and strongly suggest that the qualitative
and quantitative variations in the heterochromatin, perhaps like the euehro-
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Fin. I. - Neurobiast chromosome preparations of Anopheles gambiae species A and B stained
with 005 jag/mi Hoechst 33258. metaphase (a). 9 mctaphasc (c) and prometaphasc
tc) of A. gesrssbioe A; mctaphasc (b), 9 metaphase (d) and prophase (f) of A. gaosbiae
B. Note that the fluorescence pattern does not vary with condensation of the chromo-
somes. In (f) the arrow points to the Hoechst bright hiocic of the X chromosome.
Fhc bar scale represents 5 jim.



FLUORESCENCE BANDING 107

matic rearrangements, have played an important role in speciation. To
this end we wish to point out that, because of the great number of taxo-
nomically well-defined species they include, the sibling complexes of the
genus Anopheles (such as the complexes garnbiae and maculipennis) represent
an ideal material for this type of study. Besides the fluorescence banding
techniques, those of differential staining with Giemsa (Pimpinelli et al.,
1976) and of selective decondensation of chromatin (Pimpinelli et al., 1975;
Gatti et al., 1976) may also be useful in detecting any interspecific variations
in the heterochromatin of Anopheles.

A. gambae A A. gambiae B
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FIG. 2.—Diagrammatic representation of fluorescence pattern of sex chromosomes of
Anopheles gambiae species A and B: U, extremely bright areas; , bright areas;, dull areas (with the same fluorescence as euchromatin); E, areas less fluorescent
than euchromatin. The arrows point to the centromere positions as inferred from the
observation of some anaphase chromosomes. The idiograms were constructed by
measuring the relative dimensions of the various fluorescent blocks on a number of
microphotographs. For each species an equal number of contracted metaphases and
prometaphases were taken into account. Therefore the idiogram is representative of
lengthened metaphascs of the type shown in fig. 1 (c) and (d). het: hcterochromatin;
Cu: euchromatin.

The differences between species A and B shown by the H. 33258 banding
technique are likely to constitute suitable cytotaxonomic characters which
can supplement those available from the polytene chromosomes, extending
the species identification to all larval stages and to the pupa. It should
be stressed that the technique can be easily applied to field material since
the squash preparations involve only a minimum of laboratory facilities
and may be preserved for long periods.
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