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Analysis of !arval 6 ‘g mar lion mitotic c,hromosomes of 63 strains of Anopheies dirus A from six different localities in Thailand 
has revealed polymorphism in the sex chromosomes with respect to the amount of constitutive heterochromatin they contain. 
Three forms of X and two forms of Y have been detected in wild population samples. 
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L’analyse des chromosomes ganglionnaires mitotiques des larves de 63 souches d’Anopheles dirus A, provenant de six 
localites differentes de la Tbailande a rev& un poiymorphisme des chromosomes du sexe par rapport a la quantite 
d’hCt&ochromatine qu’ils contiennent. Trois formes de X et deux formes de Y ont Ctc detectees dans des Cchantillons de 
populations sauvages. 
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Introduction 

Intra- and inter-specific variation in the amount and 
distribution of constitutive heterochromatin is a com- 
mon phenomenon in eukaryotes. Differences in consti- 
tutive heterochromatin have proved useful in identi- 
fying sibling species of animals and plants (White 1973; 
Gatti et a! 1977. QC.:-#X: ,...A Al.,,.-. 1n-70. . . 

, umum~ auu AIIC~III ~7 I 0, BZiiiUi 

et al. 1983: Schweizer 1980; Wibowo et al. 1984). 
Anopheles dirus Peyton and Harrison (= dir-us A) is 

considered to be one of the most important vectors of 
human malarial parasites in Thailand and other parts of 
the Oriental region. In Thailand, A. dirus A occurs in 
forested foothill areas. During our studies of this 
species we discovered differences in the metaphase sex 
chromosomes of A. dir-us A from different geographic 
origins with respect to the amount of constitutive het- 
erochromatin they contain and these observations are 
reported in this paper. 

TABLE 1. Mitotic sex chromosomes of A. dirus A and their 
distribution in natural populations at six localities in Thailand 

Locality 
No. of isofemale 
lines examined YI Y2 

Chantaburi 16 7 9 
Prachinbiiri 17 S 9 
Nakhon Nayok 4 2 2 
Kanchanaburi 7 3 4 
Phetchaburi 17 8 9 ’ 
Phrae 2 1 1 

Materials and methods 

Samples from Thailand populations of adult female A. 
dirus A were collected on human bait in the following areas: 
Kanchanaburi, Petchaburi, Chantaburi, Prachinburi, Nakhon 
Nayok. and Phrae (Table 1). Wild-caught females were 
placed individually into glass vials and allowed to lay eggs in 
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the laboratory. Early 4th-instar larvae were treated with a 
0.1% colchicine solution for 3-4 h, after which their ganglia 
were removed and mitotic chromosome preparations were 
made following a modification of the method of Baimai 
(1975). Slides were stained with a 2% Giemsa solution and 
later examined under oil immersion using an Olympus light 
microscope. Photomicrographs of the mitotic karyotypes 
were taken with Kodak High Technical film under oil im- 
mersion (6.7 x 100) with a green filter. 

Results and discussion 

The metaphase karyotype of A. dir-us A (2n = 6) 
consists of one pair of metacentric (V shaped) auto- 
somes (II), one pair of submetacentric autosomes (III), 
and one pair of telocentric sex chromosomes. The term 
teiocentric is used for both X and Y chromosomes in 
preference to acrocentric because the small portion of 
the extremely short arm of centromeric heterochromatin 
generally is not observable using conventional prepara- 
tion techniques. The karyotypic variation found in the 
X and Y chromosomes is due mainly to differences in 
the amount and distribution of major blocks of hetero- 
chromatin. Three types of X and two types of Y chro- 
mosomes have been observed. 

Using conventional Giemsa staining methods, the X 
chromosome clearly exhibits two to three major blocks 
of constitutive heterochromatin in comparison with the 
lightly staining euchromatic portions. The three types 
of X chromosomes, designated X, , X2, and X3, show 
quantitative differences in heterochromatin content 
(Figs. i-6) which are especially evident in hetero- 
zygous females (Figs. 7 - lo), particularly during the 
late prophase or premetaphase stage (Figs. 8- 12). 
These three types of X chromosomes have been de- 
tected in ail natural populations of this species that we 
have examined. It appears that X3 may have arisen from 
the X2, which in turn is presumably derived from X1, 
through the acquisition of extra heterochromatin specif- 
ically in the vicinity of centromeric region. Intraspecific 
heterochromatin polymorphism of the X chromosome 
has also been reported in other species of Anopheks 
(Bonaccorsi et al. 1980; Wibowo et al. 1984). 

The Y chromosome is almost totally hetero- 
chromatic. Two distinct types of Y, designated as Y! 
and Y’, have been observed in ail of our wild population 
samples. The Y, is a small rod-shaped chromosome 
(Figs. i-3) which may occasionally appear as a very 
large dot in some preparations. The photograph of the 
Y presented by Asiamkhan and Baker (1969) for the A. 
balabacensis Bangkok colony strain (= A. dims A) 
looks similar to our Y1 chromosome. 

The Y2 is a long rod-shaped chromosome approxi- 
mately four times the length of Y,. The Y2 is slightly 
longer than the X1 chromosome (Fig. 4) but shorter than 
the Xz (Fig. 5). This type of Y chromosome corre- 
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FIG. 13. Diagrammatic representation of the hetero- 
chromatin variation of the sex chromosomes of A. dims A 
compared with the uniform autosomes. 

sponds with that of A. dims A reported by Baimai et al. 
(1981) and Zhu Hong-kan et al. (1981). The Y2 appar- 
ently consists of three major blocks of heterochromatin. 
Thus, two intercalary constrictions can be seen along 
the chromosome arm in some preparations. The Yz 
could have arisen from Y, via the addition of extra 
heterochromatin in a manner paralleling the differ- 
entiation of the X chromosome types. These two types 
of Y chromosomes are common in ail populations 
studied except from the southern peninsula of Thailand 
where A. dims A is apparently absent. A comparison of 
the sizes of mitotic chromosomes of A. dir-us A is 
presented in Fig. 13. 

Our observations suggest that the evolution of sex 
chromosomes in A. dims A results from quantitative 
changes in constitutive heterochromatin. The gain of 
constitutive heterochromatin in chromosomai evolution 
is a common phenomenon in eukaryotes (White 1973; 
John and Mikios 1979; John and King 1977) and in 
insects often involves the sex chromosomes (e.g., 
Dobzhansky and Epiing 1944; Miller and Roy 1964; 
Baimai et al. 1983; Gatti et al. 1977; Bonaccorsi et al. 
1980). The type of quantitative heterochromatin vari- 
ation of sex &mmOSomf3 fnmfl in nmn-al mnllldmw __ _ _____ ^._ L__._. Y. ~“yu.ucI”A.0 

of A. dims A is, however, not common in anophelines. 
It is not known whether this variation in sex 

chromosome heterochromatin involves differences in 
susceptibility to the human malarial parasite. This ap- 
proach warrants further investigation. 
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