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Abstract. A comparative study of fluorescence patterns of heterochromatin
in mitotic and polytene chromosomes of seven species belonging to 3 sub-
groups (melanogaster sub-group: D. melanogaster and D. simulans; montium
sub-group: D. kikkawai and D. jambulina; ananassae sub-group: D. ananas-
sae, D. malerkotliana and D. bipectinata) of the melanogaster species group
of Drosophila (Sophophora) has been made. Hoechst 33258 (H) fluorescence
patterns of mitotic chromosomes reveal differences correlated to the taxo-
nomic groupings of these species. The melanogaster sub-group species have
H-bright regions on heterochromatin of all chromosomes; the montium sub-
group species have H-bright regions mainly on the 4th and Y-chromosomes;
in the ananassae sub-group, while D. ananassae chromosomes do not show
any H-bright regions, D. malerkotliana and D. bipectinata have small H-bright
segments only on their 4th chromosomes. The H- and quinacrine mustard
(QM) fluorescence patterns of larval salivary gland polytene chromocentre
in these species, however, do not show the same taxonomic correlation.
While D. ananassae and D. kikkawai polytene nuclei lack any H- or QM-
bright region in the chromocentre, the remaining species have prominent
H- and/or QM-bright region(s). In D. jambulina, the QM-bright regions
are generally bigger than H-bright regions, while in D. malerkotliana and
D. bipectinata the situation is reversed. Actinomycin D counterstaining
prior to H-staining of polytene preparations of each species confirms that
the H-bright region/s in the chromocentre are composed of A-T rich se-
quences. In vivo jabelling of salivary gland polytene nuclet with 5-bromo-
deoxyuridine for 24 to 48 h and subsequent H-staining reveals that in all
the species, the H-bright regions do not replicate in 3rd instar stage and
presumably represent the non-replicating alpha heterochromatin. Significant-
ly, in all the species (excepting D. kikkawai and D. ananassae), the size,
location and the number of H- and/or QM-bright regions were seen to
vary in different polytene nuclei in the same gland. It seems that the organiza-
tion and the extent of under-replication of alpha heterochromatin varies
in different polytene nuclei. Present studies also show that even closely
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related species differ in the content and organization of H-bright heterochro-
matin. The 81F band at the base of 3R in D. melanogaster, but not in
D. simulans, appears to contain non-replicating H-bright sequences in addi-
tion to replicating chromatin.

Introduction

Different species of Drosophila carry a significant, but variable, amount of
heterochromatin in their mitotic cells. Following the classical studies of Heitz
(1934), it is now known (Rudkin, 1965; Gall et al., 1971; Lakhotia, 1974) that
a major part of this heterochromatin does not polytenize in larval salivary
glands and forms the non-replicating alpha heterochromatin while the remainder
constitutes the replicating beta heterochromatin in the common chromocentre.
As in other organisms, Drosophila heterochromatin is also enriched in satellite
and/or other repetitive sequences; the analysis and localization of these sequences
in chromosomes of different species of Drosophila have provided significant
information about the structure, organization and evolution of heterochromatin
in related species (Gall et al., 1971; Hennig, 1972a, b; Peacock et al., 1973,
1978; Barnes et al., 1978). In addition, fluorescent stains have been used in
studying the distribution and evolution of heterochromatin in mitotic and poly-
tene cells of several species of Drosophila (Vosa, 1970; Adkisson et al., 1971;
Barr and Ellison, 1971, 1972; Ellison and Barr, 1971 ; Holmquist, 1975a; Gatti
et al., 1976 ; Pimpinelli et al., 1976 ; Lemeunier et al., 1978; Kumar and Lakhotia,
1977; Lakhotia and Kumar, 1978).

The melanogaster species group in the genus Drosophila (sub-genus Sopho-
phora) includes a large number of widely distributed and diversified species
and these have been further classified into several sub-groups (Bock and Wheeler,
1972). While several species of the melanogaster species sub-group have been
studied with respect to their satellite and/or repetitive sequences and their cyto-
logical localization (Peacock et al., 1973, 1978; Holmquist, 1975a; Gatti et al.,
1976; Barnes et al., 1978; Lemeunier et al., 1978), little is known about the
members of the other sub-groups. In the present study, we have examined
the fluorescence patterns of heterochromatin in 7 species belonging to 3 sub-
groups of the melanogaster species group i.e., melanogaster, simulans, kikkawai,
jambulina, ananassae, malerkotliana and bipectinata. The first two are sibling
species and belong to the melanogaster sub-group; the third and fourth species
belong to the montium sub-group while the last three species are grouped under
ananassae sub-group (Bock and Wheeler, 1972). We have used Hoechst 33258
(H) and Quinacrine Mustard (QM) fluorescence patterns to obtain a comparative
information on the distribution, localization and organization of heterochroma-
tin in mitotic chromosomes and in polytene chromocentre in these related species.
We have also used actinomycin D (AMD) counterstaining with H-staining to
enhance the A-T specific H-fluorescence (Jorgenson et al., 1978). In addition,
H-fluorescence patterns after 5-bromodeoxyuridine (BrdU) incorporation in
polytene nuclei have also been examined to ascertain the non-replicating nature
of the H-bright material in the polytene chromocentre (Kumar and Lakhotia,
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1977). A preliminary account of these studies was presented earlier (Lakhotia,
1978).

Materials and Methods

Wild type strains of the following 7 species were used: D. melanogaster, D. simulans, D. kikkawai,
D. jambulina, D. ananassae, D. malerkotliana and D. bipectinata. The stocks of D. melanogaster
(Oregon R) and D. simulans have been maintained in the laboratory for several years. D. kikkawai
(Columbia) was obtained from Dr. V. Baimai (Bangkok) while the other four local species were
taken from Dr. J.P. Gupta’s collection. The flies and larvae were grown on standard agar-cornmeal-
brown sugar-yeast food at 24°+1° C.

Mitotic chromosome preparations from brain ganglia of healthy late 3rd instar larvae of each
species were made by the air-dry technique (Lakhotia and Kumar, 1978) after fixing the ganglia
as per the sequential fixation described by Lemeunier et al. (1978). For polytene chromosome
preparations, salivary glands from late 3rd instar larvae of each species were dissected out in
ringer, fixed briefly in fresh aceto-methanol (1:3) and squashed in 50% acetic acid. After the
removal of coverslips, the polytene preparations were dehydrated and dried. Mitotic as well as
polytene preparations were stained with an aqueous solution of Hoechst 33,258 (0.05 pg/ml for
mitotic and 5 pug/ml for polytene chromosomes) for 15 min (mitotic) or 5 min (polytene). After
washing the excess stain with water, the preparations were again dried. A drop of buffer (pH 4.0
for mitotic and pH 7.0 for polytene preparations) was placed on the slide and covered with a
coverslip and the sides sealed with DEPEX. Some polytene preparations of each species were
treated with Actinomycin D (0.0128 mM in Serensen’s buffer at pH 6.8) for 10 min prior to normal
H-staining to enhance the resolution of A-T specific H-fluorescence (Jorgensen et al., 1978).

The polytene preparations of each species were also stained with an aqueous solution of Quina-
crine Mustard Dihydrochloride (Sigma, 0.5 mg/ml) for 10 min and after washing, were mounted
with a pH 5.5 Mcllvaine buffer.

To localize the non-replicating H-bright alpha heterochromatin by fluorescence microscopy
(Kumar and Lakhotia, 1977), early to mid-3rd instar larvae of each species were taken out of
the normal food in which they were growing and were transferred to smaller vials containing
filter papers soaked in 2% sucrose solution supplemented with 40 pg/ml 5-bromodeoxyuridine
(Sigma). The larvae were kept in dark at 24° C for 24 to 48 h. In some cases, BrdU was mixed
with the standard food at a concentration of 200 pg/g food and the larvae fed on this medium
for 24 to 48 h. In either cases, the BrdU-labelling of salivary gland polytene nuclei was satisfactory
as detected by a general quenching of H-fluorescence. The in vivo labelled salivary glands were
dissected out and processed for fluorescence microscopy after staining with H and mounting with
pH 7.0 buffer as above. The fluorescence patterns of mitotic (after H-staining) and polytene nu-
clei after H- (with or without AMD or BrdU pretreatment) or QM-staining were examined in at
least 5 preparations of each kind for each species. A Carl Zeiss (Jena) ‘Fluoval’ fluorescence
microscope with incident illumination was used for the purpose.

Observations
1. Mitotic Chromosomes

The metaphase karyotypes of the different species (see Patterson and Stone,
1952; Clayton and Wheeler, 1975; Singh and Gupta, 1980, for the D. jambulina
karyotype) studied show differences from each other on the lines of their taxo-
nomic groupings. Each of the species has 4 pairs of chromosomes of which
the two pairs of large metacentric autosomes (chromosomes 2 and 3) are common
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Fig. 1. Diagrammatic summary of metaphase chromosomes in the 7 species examined after Giemsa
(G) or Hoechst 33258 (H) staining. (Data for D. melanogaster and D. simulans after Holmquist,
1975a, Gatti et al., 1976, and Pimpinelli et al., 1976). In Giemsa stained chromosomes: [ normal
euchromatic staining, moderately dark staining and Wl very dark staining, and in H stained
chromosomes: [ dull, slightly bright, moderately bright and IMMvery bright fluoresc-
ing regions. The relative sizes of different chromosomes are only approximate
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to all while the X and 4th chromosomes differ. In the melanogaster sub-group
species (D. melanogaster and D. simulans), the X is acrocentric with 1/3 to
1/2 of its proximal part being heterochromatic while the 4th chromosomes
are small dots. In D. kikkawai and D. jambulina (montium sub-group), the
X is acrocentric with smaller proximal heterochromatic segment while the 4th
chromosomes are larger and nearly completely heterochromatic. In the ananassae
sub-group (D. ananassae, D. malerkotliana and D. bipectinata), the X as well
as the 4th chromosomes are metacentrics and the large 4th chromosomes in
all the 3 species are heterochromatic. The heterochromatic Y chromosome in
all the 7 species is a large meta- or sub-metacentric element.

The H-fluorescence patterns of mitotic chromosomes of these 7 species are
diagrammatically shown in Figure 1. It is obvious that the amount and location
of H-bright regions in metaphase chromosomes of closely related species varies
considerably. In general, however, it appears that the melanogaster sub-group
species have more H-bright material than the species belonging to the montium
or ananassae sub-groups. In the ananassae sub-group, while D. ananassae does
not have any H-bright regions, D. malerkotliana and D. bipectinata have some
H-bright material on the 4th chromosomes (Fig. 1).

II. Polytene Chromosomes

In all the species examined, the polytene nuclei show a well defined chromocentre
to which the different chromosome arms remain attached. In all cases, the
entire chromocentre as well as the dark bands show a bright fluorescence with
H or QM in normal preparations while in the AMD-counterstained or BrdU-
labelled preparations, the overall H-fluorescence is considerably quenched. In
the present study, we have paid particular attention to those regions within
or close to the chromocentre whose H or QM fluorescence is brighter than
the rest of the chromocentre since these regions are likely to be related to
specific types of repetitive/satellite sequences (see Discussion). Only these more
brightly fluorescing segments/regions are referred to as H- or QM-bright in
the following description. It may be noted that in all the species, the H-fluores-
cence patterns of chromocentre region after in vivo BrdU incorporation or
AMD-counterstaining are the same as with only H-staining, except that the
fluorescence of non-H-bright regions is considerably quenched with BrdU or
AMD. In general, the H- and QM-fluorescence patterns are also the same
except in a few species. In the following description, therefore, only the location
of H-bright regions in the chromocentre is described. The differences in the
QM patterns, where seen, have been specifically noted.

Polytene nuclei of D. melanogaster and D. simulans have 5 long arms and
a short 4th chromosome arm attached to a well defined chromocentre. In the
polytene nuclei of these sibling species, a small very brightly fluorescing body
is usually located at the base of the 4th chromosome (Fig. 2). In many nuclei,
one or two additional small H- and QM-bright regions are also seen in the
chromocentre region. In male polytene nuclei of D. melanogaster, occasionally
a bright body is also seen at the base of 3L after H or QM staining (Fig. 2a);
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Fig. 2a-c. a QM stained polytene chromocentre in D. melanogaster male; b BrdU-H stained chromo-
centre in D. melanogaster female; ¢ H stained chromocentre in F; hybrid of D. melanogaster
female x D. simulans male. Note the bright fluorescence of the 81F band (—) in melanogaster
3R. In a, the Y chromosome is presumably located at the base of 3L (~—). Magnification in
these and the other figures is x 2,400

a similar body is not seen in female nuclei (Fig. 2b) so that this body may
represent the Y-chromosome (see Discussion). The band 81F at the base of
3R in D. melanogaster is always brightly fluorescing and often this band appears
as a ring or as a figure — of — eight. In D. simulans, the band 81F does
not fluoresce brightly neither with H nor with QM.

For a closer comparison of the homology of brightly fluorescing regions
in the two species, hybrid female larvae were obtained by crossing virgin melano-
gaster females with simulans males. In the polytene nuclei of these F, interspecific
hybrids, the H-bright bodies are distributed at the base of asynapsed 4th chromo-
somes and at other locations in the chromocentre as in the two parental species.
However, the number of H-bright bodies in hybrid nuclei is generally more
than in either of the parents (Fig. 2¢). The base of 3R remains asynapsed
in the hybrids and one of the homologs (melanogaster) shows very bright fluores-
cence of the 81 F band while the other homolog (simulans) lacks bright fluores-
cence of 81 F band (Fig. 2¢).

Polytene nuclei of D. kikkawai and D. jambulina show a well defined chromo-
centre from which 5long and a short (4th chromosome) arms radiate out as
in D. melanogaster and D. simulans. More than 30 polytene preparations of
D. kikkawai, from as many salivary gland pairs, have been examined and in
most of them no distinct H- or QM-bright region could be seen within the
chromocentre — the entire chromocentre fluoresces with uniform brightness
(Fig. 3a). Only in one H stained preparation, a small slightly H-bright region
could be identified within the chromocentre in a few, but not all, polytene
nuclei. .

In most of the polytene preparations of D. jambulina, stained with H, a
small bright region (occasionally two regions) is seen within the chromocentre,
although in some preparations, none of the nuclei show any distinct H-bright
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Fig. 3a-h. Polytene chromocentre of D. kikkawai (a H stained), D. jambulina (b, ¢ QM stained),
D. ananassae (d H stained), D. malerkotliana (e H stained, £ QM stained) and D. bipectingta (g H
stained, h AMD + H stained)
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region in the chromocentre. QM stained polytene nuclei of D. jambulina show
more prominent one, or occasionally two, brightly fluorescing body (bodies)
in the chromocentre (Fig. 3b, ¢). The size of these QM-bright regions is generally
larger than the H-bright region(s). In some QM stained nuclei, however, there
is only one smaller bright region. It is significant that these variations in size
and number of H- and QM-bright bodies can be seen in different nuclei of
the same gland.

The three species belonging to the ananassae sub-group share a similar poly-
tene karyotype when stained with Giemsa. All have a large chromocentre with
which 6 long arms XL, XR, 2L, 2R, 3L and 3R are attached. No distinct
4th chromosome is seen in any of these species; apparently, the entire large
heterochromatic 4th chromosome remains buried in the chromocentre which
in these species has a different organization than in the preceding 4 species.
In the ananassae sub-group species the chromocentre is much larger and granu-
lar, more so in D. gnanassae.

In polytene preparations of D. ananassae, the whole of the chromocentre
appears uniformly fluorescing with no specific region which is more H- or
QM-bright (Fig. 3d). Unlike D. ananassae, the chromocentre in D. malerkotliana
and D. bipectinata shows prominent brighter regions. However, although D.
malerkotliana and D. bipectinata can be hybridized, with their hybrid female
progeny being fertile upon back crossing to either of the parents (Jha and
Rahman, 1973, and our observations), the H- and QM-bright regions in these
two species differ. In D. malerkotliana, there is usually one large H-bright
body (Fig. 3¢) in the chromocentre; however, in some nuclei even from the
same gland, there are two medium sized bright bodies while in some other
nuclei, only one smaller body is seen. With QM staining also, the chromocentre
in polytene nuclei of D. malerkotliana shows one or two bright bodies but
the size of QM-bright regions is always smaller than the H-bright regions
(Fig. 3f).

In polytene preparations of D. bipectinata, H- or QM-staining usually shows
one bright region within the chromocentre; sometimes, a relatively less bright
second region is also seen (Fig. 3g, h). Compared to D. malerkotliana, the
brightness, and occasionally the size also, of H-bright regions in D. bipectinata
appears less.

The H-fluorescence patterns in the chromocentre in polytene nuclei from
F, hybrid larvae obtained by reciprocal crossing of malerkotliana and bipectinata
males and females have also been examined. In most of these nuclei, two,
and occasionally more, brightly fluorescing regions are secen and interestingly,
of the two, one appears smaller than the other. Furthermore, the size of H-bright
bodies in hybrid larvae appears smaller than their counterparts in the parental
species. It seems, therefore, that each of the parental types of H-bright material
condenses separately in the hybrid nuclei.

Discussion

In the present study, we have attempted to characterize and compare the hetero-
chromatin in related species of Drosophila with a view to understand 1), some
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aspects of the evolutionary diversification of sequences associated with hetero-
chromatin and ii) their organization in polytene nuclei. It is now known that
in general, the heterochromatic regions which fluoresce brightly with H and/or
QM, are relatively rich in A-T base pairs (Comings, 1975; Holmquist, 1975a;
Gatti et al., 1976; Lakhotia and Kumar, 1978; Jorgenson et al., 1978). We
have also used AMD pretreatment with H-staining to confirm the A-T richness
of H-bright regions seen in polytene chromocentre in different species since
as shown by Jorgenson et al. (1978), the G-C specific non-fluorescent antibiotic
AMD enhances the resolution of A-T specific H-fluorescence. As expected,
we have observed that in all the species examined, the H-bright regions in
the polytene chromocentre become more distinct when pretreated with AMD.
In D. kikkawai and D. ananassae where no H- or QM-bright regions are generally
seen in polytene nuclei, AMD pretreatment also failed to uncover any such
region. This shows that all the brightly fluorescing regions observed by us
in the other species contain A-T rich sequences. This specificity of H and QM
fluorescence permits us to compare the location and the extent of specific class/
classes of heterochromatin in the related species of Drosophila examined by
us. Another point of similarity in the H-bright regions in the polytene chromo-
centre in the species studied here is that these regions apparently do not replicate
during the 3rd instar stage as evidenced by persistent bright fluorescence with
H even after prolonged (24 to 48 h) in vivoe BrdU incorporation. It is known
that Brdu incorporated into replicating DNA quenches H fluorescence (Latt,
1974) and it has been shown earlier (Kumar and Lakhotia, 1977) that the
non-replicating alpha heterochromatin in polytene nuclei of Drosophila can be
conveniently localized in cytological preparations by in vivo BrdU-labelling
and H-staining technique.

Phylogenetically, it is believed that within the melanogaster species group,
an initial evolutionary dichotomy generated the montium and ananassae sub-
groups on the one hand and the melanogasier and other sub-groups on the
other (Bock and Wheeler, 1972). While the melanogaster species sub-group has
retained the original acrocentric X and dot-like 4th chromosomes, a transloca-
tion of the basal heterochromatin of X to the 4th chromosomes is believed
to have occurred in the montium and ananassae sub-groups (Patterson and
Stone, 1952; Lemeunier et al., 1978). The metacentric X seen in members of
the ananassae sub-group has presumably resulted from a pericentric inversion
(Patterson and Stone, 1952). The present observations suggest that in addition
to these structural changes that have occurred during the evolutionary diversifi-
cation, there have also been profound changes in the quality of heterochromatin
associated with different chromosomes in these related species. The members
of the melanogaster sub-group seem to have more H-bright material (also see
Lemeunier et al., 1978, for localization of QM-bright heterochromatin in meta-
phase chromosomes of several species of the melanogaster sub-group) than the
species belonging to the montium or ananassae sub-groups. In the ananassae
sub-group, we see, in parallel with the two species complexes (ananassae and
bipectinata complexes) recognised by Bock (1971), that D. ananassae lacks any
H-bright regions (also see Adkisson et al., 1971), while D. malerkotliana and
D. bipectinata have at least some H-bright material on their largely heterochro-
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matic 4th chromosomes. Interestingly, however, these H-bright regions in the
chromosomes of D. bipectinata and D. malerkotliana differ from each other
not only in their location on the 4th chromosomes (see Fig. 1) but apparently
also in their DNA sequence composition since in the interspecific F; hybrids,
the H-bright materials of the parental species condensed separately in the chro-
mocentre. It is known that in Drosophila and other organisms the heterochro-
matic regions which share similar satellite/repetitive sequences usually condense
together while those which differ, form separate condensed masses (Barr and
Ellison, 1972; Mayfield and Ellison, 1975; Schmid et al., 1975; Holmquist,
1975b; Lakhotia and Kumar, 1978). Moreover, it is also known that the satellite
sequences associated with heterochromatin in D. melanogaster and D. simulans
have diversified (Peacock etal., 1978) and correspondingly, we observe that
the number of H-bright regions in the polytene chromocentre in their F, hybrid
larvae is greater than in either of the parental species. Thus it seems that
as in the case of D. melanogaster and D. simulans sibling species, the sequences
associated with H- and/or QM-bright regions have diversified between D. maler-
kotliana and D. bipectinata and these diversified sequences condense separately
in the polytene chromocentre.

It seems that the relative content of H- or QM-bright material in the polytene
chromocentre of a species is not always correlated to the extent of H-bright
segments seen in the mitotic chromosomes. D. malerkotliana and D. bipectinata
have more H-bright material in their polytene chromocentre than is seen in
their mitotic chromosomes. In species like D. melanogaster, D. simulans and
D. jambulina, the relative amount of H-bright material in their respective poly-
tene and mitotic nuclei appears comparable. On the other hand, in D. kikkawai,
the polytene chromocentre has little, if any, H-bright material although the
mitotic chromosomes do show some such regions. The comparable amount
of H-bright material in mitotic and in most of the polytene cells of D. melanogas-
ter, D. simulans and D, jambulina is as expected if these regions do not polytenize
in polytene nuclei. Our BrdU labelled preparations reveal that these H-bright
regions do not replicate at least during the late larval stages. The relative abun-
dance of H-bright material in polytene chromocentre of D. malerkotliana and
D. bipectinata compared to their mitotic chromosomes and to the polytene
chromocentre of other species, appears intriguing. In vivo BrdU labelling and
subsequent H staining shows that these H-bright regions do not incorporate
BrdU and therefore, are not replicating in the late larval stages. This may
imply that either the H-bright segments in polytene chromocentre of these
two species replicate during early stages of polytene development or there are
some other unknown factors which cause an apparent increase in their size
in the polytene chromocentre.

In contrast to the above two species, the other member of the ananassae
sub-group, viz., D. ananassae, lacks any H- or QM-bright material in its polytene
and mitotic nuclei (also see Adkisson et al., 1971). Apparently, the heterochro-
matin of D. ananassae lacks A-T rich sequences and in view of this, the cytologi-
cal organization of polytene chromocentre can not be adequately studied by
present techniques.

The mitotic chromosomes of D. kikkawai show H-bright bands all along
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the large 4th chromosomes. In most polytene nuclei, however, no H- or QM-
bright region could be seen. AMD counterstaining or BrdU labelling also
failed to reveal any H-bright area in D. kikkawai polytene chromocentre. The
fate of the H-bright bands seen on mitotic 4th chromosomes, in polytene
nuclei is not clear. One possibility is that in polytene nuclei, the H-bright
DNA sequences remain dispersed either along the length of the polytenized
euchromatin part of 4th chromosome or within the chromocentre so that a
distinct H- or QM-bright mass is not seen. In this context, it would be interesting
to examine the H and QM fluorescence of mitotic and polytene chromosomes
of other strains of D. kikkawai in which extensive polymorphism of the 4th
chromosome has been recorded (Baimai, 1969, 1974).

D. melanogaster, D. simulans, D. jambulina, D. malerkotliana and D. bipecti-
nata always show distinct brightly fluorescing region/s in the polytene chromo-
centre. However, it is significant that within a species, and often within the
nuclei from the same salivary gland, the number, size and location of the
H- and/or QM-bright regions vary. It seems unlikely that all the variations
noted in the location, size and number of the brightly fluorescing bodies in
different nuclei of a gland can be attributed to technical factors such as squash-
ing, fluorescent staining etc. In all these 5 species, the H- and QM-bright regions
in the chromocentre seem to be related to the non-replicating alpha heterochro-
matin since as discussed earlier, these regions do not incorporate BrdU and
also these regions are expected to be composed of satellite and/or other highly
repetitive sequences which are known to be underreplicated in polytene nuclei.
If these brightly fluorescing regions were equally underreplicated in all nuclei
of a salivary gland, we would expect them to appear of nearly similar size
in different nuclei. Even though, we have not measured the precise area of
H- and/or QM-bright regions in different nuclei, the observed variations are
very obvious. In D. nasuta, where the non-replicating alpha heterochromatin
forms a single well defined mass in polytene nuclei (Kumar and Lakhotia,
1977), we have measured the area of this region in a large number of nuclei
(Lakhotia and M. Kumar, unpublished data) and found that the area of alpha
heterochromatin in this species varies atleast two-fold in different nuclei, suggest-
ing a varying degree of underreplication. The variability in the H-bright regions
observed in the present study thus suggests that the extent of underreplication
and the location of underreplicated regions may not be the same in all nuclei
of a salivary gland. Also, the heterochromatic segments of different chromo-
somes, which contribute to the total alpha heterochromatin, often do not co-
alesce into one mass. This contrasts with the organization of the alpha hetero-
chromatin in polytenc nuclei of D. virilis (Gall et al., 1971; Holmquist, 19752a)
or D. nasuta (Kumar and Lakhotia, 1977) where it forms one compact mass
in the chromocentre of all polytene nuclei. Presumably, as discussed earlier,
the presence of more than one H- and/or QM-bright regions in the polytene
chromocentre reflects the heterogeneity of the satellite/repetitive sequences con-
stituting the alpha heterochromatin.

The behaviour of the 81F band in D. melanogaster and D. simulans is
of particular interest. The persistence of H-bright fluorescence in this band
in all BrdU labelled polytene nuclei of D. melanogaster could imply that it
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is also not replicating in large polytene nuclei. However, using *H-thymidine
autoradiography, we found (data not presented) that the 81 F band is distinctly
labelled with *H-thymidine and therefore, replicating in polytene nuclei of late
3rd instar larvae. Thus, either the bright fluorescence of the 81F band is due
to other non-chromatin material so that BrdU incorporation does not affect
its brightness, or the 81 F band in D. melanogaster contains replicating as well
as non-replicating sequences so that this band shows *H-thymidine labelling
and also its H-fluorescence is not quenched by BrdU incorporation. Peacock
et al. (1978) observed that the 1.672 g/cc satellite of D. melanogaster hybridizes
in situ with a band in secion 81, presumably the band 81F since this is the
only band identifiable in section 81 of Bridges’ (1935) map. A few other bands
(like 1A on X and 21D on 2L) on the euchromatic arms of polytene chromo-
somes of D. melanogaster have also been seen to hybridize in situ with some
of the satellite sequences which are pr.sent in the chromocentre as well (see
Peacock et al., 1978); however, our B. J-H fluorescence studies do not provide
any evidence for non-replication at these loci. Presumably, not all satellite se-
quences in polytene nuclei may be subjected to equal underreplication.

Band §1F in D. simulans did not show bright fluorescence, neither with
H- nor with QM. In earlier studies Adkisson et al. (1971) reported 81F of
D. simulans to be QM-bright, while Ellison and Barr (1971) found this band
to be QM-negative. There may be polymorphism in D. simulans populations
for the 81 F band similar to the already noted polymorphism for the band
83D in D. melanogaster (Barr and Ellison, 1972).

Peacock et al. (1973) and Holmquist (1975a) have suggested that in polytene
nuclei of D. melanogaster, the non-replicating Y chromosome is located at
the base of 2R. We did not see any H- or QM-bright region at the base
of 2R in male nuclei from D. melanogaster. Instead, in many, though not
all, male polytene nuclei of D. melanogaster we observed a bright region at
the base of 3L. Since we have not seen a similar body in female nuclei in
comparable location, we tentatively suggest the bright body seen at the base
of 3L to represent the Y-chromosome. In other species examined by us, we
did not see any consistent difference between male and female polytene nuclei.

The H- and QM-fluorescence patterns of chromosomes in the species
belonging to the melanogaster species group thus reveal that even very closely
related species differ considerably in their H- and QM-bright regions, and there-
fore, in the type and amount of heterochromatin present in their genome.
Similar conclusions have been drawn by Peacock et al. (1978), Barnes et al.
(1978) and by Lemeunier et al. (1978). The present observations also raise the
possibility that the organization of heterochromatin may vary even in different
polytene cells of an individual. In this context it may further be noted that
the location and size of H-bright regions in the chromocentre do vary depending
upon the developmental conditions of the larvae. We have seen (Mishra, 1979
and other unpublished data) that in D. melanogaster larvae grown at 10°-12° C,
the overall size of the chromocentre is bigger as also is the size of the H-bright
bodies in it. In polytene nuclei of Phryne also, variations in the morphology
of heterochromatin in relation to developmental conditions are known (Wolf
and Sokoloff, 1976). Nash and Vyse (1977) have also raised the possibility
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of a variable degree of polytenization of the basal heterochromatin of X in
D. melanogaster polytene nuclei. Similarly, a variable polytenization of telomeric
heterochromatin in salivary gland nuclei of D. melanogaster has been also sug-
gested (Roberts, 1979). Thus a limited variability in polytenization may be
a common property of different heterochromatic regions in Drosophila genome.
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