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ABSTRACT

[*H]Thymidine labeling patterns have been examined in gynandric mosaic salivary
glands of Drosophila melanogaster. The Ring-X stock, R(1) w¥¢/In(1)d1 49,1 (1)
J1 y wiz®, was used for this purpose. 365 labeled XX2A and 40 labeled XO2A
nuclei were obtained from a total of 624 nuclei in nine pairs of mosaic salivary
glands. It was observed that in all but those nuclei which had DD, 1C, and 2C
patterns, the X chromosome of the XO2A nuclei always had fewer sites labeled
than the X chromosomes of the XX2A nuclei, for a given pattern of the auto-
somes in either sex. Such asynchronous labeling of the X chromosome in the
XO2A (male) nuclei was observed regardless of the proportion of the XO2A cells
(2.0-73.7%), in the mosaic glands. Moreover, while the frequency of
[*H]thymidine labeling for all of the 39 replicating units except the two late
replicating sites (3C and 11A) in the X chromosome of the XO2A nuclei, was
consistently lower than in the X chromosome of the XX2A nuclei, the mean
number of grains on the X chromosome was relatively (to autosomes) similar in
both XX2A and XO2A cells. The results, therefore, suggest that, as in XY2A
larval glands, the X chromosome in the XO2A cells also completes the replication
carlier than autosomes and that the XO2A nuclei show cellular autonomy with
respect to the early replication of the X chromosome, like its counterpart, RNA
transcription. Absence of the asynchrony during the initial phase (DD-2C) further
supports the contention (a) that the single X chromosome of the male not only
completes the replication earlier but that the rate of replication of its DNA is
possibly faster, and (b) that there might be a common regulation with respect to
the initiation of replication of different chromosomes in a genome.

Mukherjee and Beermann (14) demonstrated that  the X chromosome in the male is, according to
the X chromosome of male Drosophila produces them, the cytological counterpart of dosage com-
twice as much RNA as the individual X chromo- pensation in Drosophila at the primary level of
somes of female Drosophila. This hyperactivity of  gene action. Their proposal opened up a series of
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questions with respect to the molecular and chro-
mosomal basis of dosage compensation. The most
important question, whether dosage compensa-
tion is a phenomenon related to the physiology
and development of the sex itself, has been an-
swered by Lakhotia and Mukherjee (7). They
showed by use of XX-XO mosaic salivary glands
of Drosophila larvae that the X chromosome in
XO nuclei is always hyperactive regardless of the
proportion of male tissue in the gland, indicating a
cellular autonomy of hyperactivity in the haplo-X
condition. Since then, the hyperactivity of the
single dose of the X-chromosomal genes in the
male has been demonstrated at both the transcrip-
tional and the translational levels (2, 11, 12). Two
very interesting features have been found to be
invariably associated with the hyperactivity vis-a-
vis dosage compensation in Drosophila: (a) the X
chromosome in the larval salivary gland of the
male is almost as wide as the two paired X’s of the
female (19), and this feature is also autonomous
(7). The actual significance of this enlarged width
of the X chromosome in male Drosophila is still
conjectural, although evidence indicates that it
would be due to an extra amount of nonhistone
protein (21, and our unpublished data). (b) The X
chromosome in all species of Drosophila studied
so far (3, 4, 8, 9, 15, 16) completes replication
earlier in the male than in the female with respect
to the autosomes. Recent evidence (15, 16),
which shows that the X chromosome(s) of both
male and female start replication simultaneously
with the autosomes of the respective complement,
suggests that the X chromosome not only com-
pletes replication earlier in the male, but does so
at a faster rate. In this report we wish to present
the results of an investigation of the DNA synthe-
sis in gynandric mosaics (XX-XO), in order to
substantiate that (@) DNA replication in the X
chromosome is completed earlier and perhaps also
with a faster rate in haplo-X cells, and that (b) the
haplo-X cells show cellular autonomy with respect
to the early replicating property, as they show for
enlarged width and hyperactive transcription (7).

MATERIALS AND METHODS

For obtaining gynandric mosaics, the unstable Ring-X
stock of Drosophila melanogaster consisting of R(1) w¥e/
In(1) d1 49,1(1) J1 y w Iz® females and In(1) d1 49,/(1) J1
y w Iz* males was used. A detailed description of the
stock is given in Lindsley and Grell (10). 5- to 6-day-old
virgin females from the Ring-X stock were mated toy w
sn® males. The Ring-X-containing female larvae pro-

duced in the F, of the cross could be distinguished from
the homozygous y w larvae by the color of the mouth
parts and malpighian tubules. Thus, the ring-bearing
female larvae were identified and their salivary glands
were dissected out in Drosophila Ringer’s at pH 7.2 (1).
The wild type strain, Oregon R+, of D. melanogaster
was used to obtain complete male and female larvae. For
obtaining larvae of reasonably similar age, eggs were
collected in plastic petri dishes (7.5 cm in diameter), and
late third instar larvae of the female sex were collected.
Adults as well as all developmental stages were reared at
22° * 1°C in a thermostatically controlled incubator and
raised on Drosophila culture medium.

Excised salivary glands from fully grown late third
instar larvae were dissected out in Drosophila Ringer’s
and incubated in 10 ul of Ringer’s containing 5 uCi of
[*H]thymidine ([*H]JTdR, 500 uCi/mi, sp act, 6,600
mCi/mmol, obtained from Bhabha Atomic Research
Centre, Bombay, India) for 20 min. The glands were
fixed in aceto-ethanol (1:3) mixture, stained in aceto-
carmine aceto-orcein (2:1), and squashed in 50% acetic
acid. Cover slips were removed in a 1:1 mixture of 50%
acetic acid and absolute ethanol, and preparations were
processed for autoradiography using Kodak AR 10 strip-
ping film according to the procedure described earlier
(8). The autoradiographs were developed in Kodak D 19
b, fixed in X-ray fixer, and stained again in toluidine
blue. The exposure time was 15 days.

The labeling patterns were identified on the basis of
the distribution and intensity of silver grains on the
chromosomes and the chromocenter, and classified as
DD, 1C, 2C, 3C, 3D, 2D, and 1D as described earlier
(4, 15, 16). A brief description of these patterns and
their sequential relation is given below.

Autoradiographs were examined and photographs
were taken under a Zeiss photomicroscope III with ordi-
nary transmitted light or phase contrast as appeared
suitable.

RESULTS

About 100 pairs of salivary glands from suspected
mosaic larvae were processed for autoradiogra-
phy. Only nine pairs of them yielded recognizable
mosaicism in the salivary gland. Among 624 nu-
clei examined from the nine pairs of mosaic
glands, 71 were XOZ2A, of which 40 were labeled
with PH]TdR and 31 were unlabeled, and 550
were XX2A, of which 365 were labeled and 185
unlabeled. The remaining three of the 624 cells
appeared to have a higher than diploid polytenic
value. The percentage of XO nuclei (labeled and
unlabeled) ranged from ~2-73.7 (Table I) in the
different glands.

The average labeling index of the nuclei in these
mosaic glands is 66.4% for XX2A and 56.3% for
XO2A cells, as compared to 80.4% in completely
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TaBLE [

Distribution of Mosaicism in the Gynandric Mosaic
Salivary Glands of Drosophila melanogaster Larvae

Gland Total no. of
pair nuclei ob- XX2A nu- XO2A nu-  Male nuclei
no. served clei clei (X02A)
%
1 100 89 11 11.0
2 57 54 3 53
3 113 94 19 16.8
4 77* 72 2 2.6
5 32 31 1 3.2
6 19 5 14 73.7
7 32 22 10 313
8 152 149 3 2.0
9 42 34 8 19.0
Total 624* 550 71 12.9

* Three of these nuclei had greater than 2X2A chromo-
some complement.

female and 64.13% in completely male larval
glands examined earlier. This difference in the
average labeling indices may be attributed to the
developmental stage of the larvae and is perhaps
not due to the mosaicism of the salivary glands, as
the labeling indices in XX and XO cells are pro-
portionately similar to those in completely female
and male larval glands, respectively. Observations
show that, as reported by Lakhotia and Mukher-
jee (7), the width of the X chromosome in the XO
cells is autonomously enlarged.

The cells of larval salivary glands of Drosophila
are an asynchronous population of cells which are
in different parts of the S phase. When salivary
glands are labeled with [*'H]JTdR, about 20-30%
of the cells do not take the label. The remaining
labeled cells show different labeling patterns in
different cells (Fig. 1). In a broad sense, these
patterns can be classified as: (@) disperse labels on
interbands, some puff sites, and some thin bands
and nucleolus (DD pattern, Fig. 1a, nucleolus
not shown); (b) labels on the nucleolus, inter-
bands, puff sites, thin and dark bands, and very
little on the chromocenter, with a uniformly single
layer of grains (1C pattern, Fig. 15); (c) labels on
the whole chromosome and the chromocenter
with moderately intense labeling (2C, Fig. 1c¢);
(d) intense labeling on the whole chromosome
and the chromocenter (3C and 3C-3D, Fig. 1d
and e); (e) heavy labeling on afl dark bands and
chromocenter, but no labeling on puffs, thin
bands, or interbands (3D, Fig. 1f); (f) more un-

labeled gaps on the chromosomes, chromocenter
labeled, and poor or no labeling on the nucleolus
(2D, Fig. 1g); (g) only a few very dark bands
labeled, and the chromocenter labeled (1D, Fig.
1h); and (k) labels only on the chromocenter (not
shown). The details of these patterns and the
reasoning behind arranging them in sequential or-
der have been given earlier (3, 4, 6, 8, 15, 20).
Suffice it to mention here that, on the basis of the
late replicating property (late start and late finish)
of the chromocentric heterochromatin, it has been
possible to place the DD to 1C patterns at the
beginning and 1D to CL patterns at the terminal
end of replication (4, 8). The middle patterns 2C-
3C-3D-2D can then be arranged in that order on
the basis of the increasing intensity of chromocen-
tric and chromosomal labeling at first (up to 3C)
and then gradual completion of replication of indi-
vidual bands or groups of bands, without interrup-
tion (see reference 4).

The autoradiographs of the mosaic glands (Figs.
2 and 3) reveal that in those XO cells which have
been classified as intermediate or late patterns,
i.e., 3C to 1D, on the basis of their autosomal
labeling, the labeling pattern of the X chromo-
some is invariably different from that of the auto-
somes of the respective nucleus. Such lack of syn-
chrony in the [*H]TdR labeling pattern between
the X chromosome and autosome(s) is not detect-
able in the XO cells with early patterns, i.e., those
showing DD to 2C labeling (Fig. 4). In none (but
one exceptional cell described later) of the XX
type was such asynchrony observed. This implies
that in the XO cells with 3C to 1D type labeling
the replication pattern of the X chromosome is
out-of-synchrony with the replication patterns in
the autosomes. The asynchrony of the X chromo-
some in the XO cells (with 3C to 1D pattern) is
observed regardless of the proportion of the XX
and XO cells in the mosaic glands.

The data on the frequency distribution of the X-
chromosomal and autosomal labeling patterns in
XX2A nuclei indicate that while in XX2A nuclei
there is complete parity in the absolute frequency
of each pattern between X and 2R (Fig. 5a), in
XO2A nuclei such parity is observed only for the
patterns DD, 1C, and 2C. From 3C onward up to
2D, the frequencies of X-chromosomal patterns
are drastically reduced, and for 1D the frequency
is greater by nearly four-fold in the X than in the
2R (Fig. 5b). The frequency distribution for the
pooled data, per se, does not give a clear picture
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Ficure 1 [*H]TdR autoradiographs of completely female larval salivary glands of Drosophila melano-
gaster, showing different labeling patterns. (@) Early DD pattern, with only puffs, interbands and some thin
bands labeled; (b) almost a 1C pattern, with labels all over the chromosome, except for only one dark band
(arrow); (c) a 2C pattern showing grains on all bands and interbands; (d) a 3C pattern with intense labeling
on the whole chromosome and chromocenter, nucleolus (#) moderately labeled; (e) a 3C-3D pattern with
dense labeling on the chromosomes and on the chromocenter, with some narrow gaps; (f) an early 3D
pattern; (g) a 2D pattern; (k) a 1D pattern. C = chromocenter. The chromocenter is labeled in (d-h).
(a) x 600; (b-h) x 1,000.
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Ficure 2 [?H]TdR autoradiograph of a mosaic salivary gland (no. 1) of Drosophila melanogaster with
only 11% XO2A nuclei. (a) The autoradiograms of the mosaic gland in low magnification showing
different nuclei; (b) an XX2A nucleus in higher magnification from (a), showing the autosomes and paired
X chromosomes all in 3C stage; and {c¢) an XOZ2A nucleus from (a), showing the autosomes with 3C-3D
type labeling and the X chromosome with 3D type labeling. The scale is given in um. (a) x 120; (b and ¢)
x 1,000.
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Figure 3 [*H]TdR autoradiograph of a mosaic salivary gland (no. 6) of D. melanogaster with about
75% XO2A nuclei. (a) The autoradiograph of the mosaic salivary gland in low magnification showing four
male (XO2A) nuclei in the field (arrows); (b) the same mosaic gland under low magnification showing four
XO2A nuclei in the field (arrows); (¢) a male nucleus (marked c in Fig. 3a) under higher magnification,
showing distinct asynchrony of the male X; (d) a male nucleus (marked 4 in Fig. 3b) at DD stage showing
both X and autosomes similarly labeled; (¢) a male nucleus (marked ¢ in Fig. 35) showing autosomes with
2D labeling and the X with 1D labeling; (f) a male nucleus (marked f in Fig. 3b) showing autosomes
with 2D labeling and the X with 1D labeling; (f) a male nucleus (marked f in Fig. 3b) showing auto-
somes at 3C-3D and the male X at 3D stage. n, nucleolus. The scale is given in um. (a and b) x 120;
(c-f) x 700.
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Ficure 4 [*H]TdR autoradiographs of a mosaic sali-
vary gland (gland no. 3, with about 17% XO2A cells)
showing 1C pattern in an XX2A (a) and an XO2A
nucleus (b). No asynchrony between the X and auto-
somes is apparent in either of these two nuclei. Note the
paired 2X’s in (a) and the single X in (b). The scale is
given in um. (a) x 1,000; (b) x 800.

on the intranuclear asynchrony, but shows that at
least for most of the haplo-X nuclei the labeling
frequency for the X chromosome is distinctly
lower than the frequency for the autosomes, and
suggests that the X chromosome in the XO2A cell
population might have a tendency to complete the
replication earlier. The increase in the frequency
of 1D pattern for the X chromosome in XO2A
could be attributed mostly to the late replicating
sites mentioned later (Fig. 7, e.g., nos. 10 and
39).

The detailed labeling patterns of the X chromo-
some and autosome (2R) in the XX2A and
XO2A nuclei for individual gland pairs are shown
in Table II. The resuits show that the labeling
patterns of the X chromosomes in the XX2A
conform with those of the autosome, in almost all
gland pairs. There is only one exception, i.e., in
gland no. 1 there were 16 nuclei with 3C type
autosome(s), but in one of the 16 nuclei the X

chromosome had one or two very short unlabeled
or poorly labeled gaps, like 3C-3D (e.g., Fig. le).
Such unlabeled gaps, however, might arise due to
several reasons, for example, local stretching or
unconventional absence of synthesis or unsched-
uled synthesis (3). The data therefore reveals that
in none of the nuclei is there any evidence for a
differential labeling in the X chromosome and
autosome(s) in XX2A nuclei. On the contrary, in
XO2A nuclei, while the labeling patterns of the X
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Ficure 5 Histograms showing absolute frequencies of
different [*H]TdR labeling patterns of the X chromo-
some in relation to that of the corresponding autosomes
in the XX2A (a) and XO2A (b) nuclei in the mosaic
salivary glands of D. melanogaster, among 365 XX2A
and 40 XO2A nuclei observed. Five unlabeled X chro-
mosomes have not been included among 1D of (b).
Abscissa = [PH]TdR labeling patterns (DD-1D).
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chromosome and the autosomes were similar from
DD to 2C, they were distinctly dissimilar from 3C
to 1D. For example, in gland no. 3 (Table II)
there were three XO2A nuclei with DD patterns,
and in those nuclei both the autosome 2R and the
X chromosome had DD type labeling. On the
other hand, in the same gland, three other XO2A
nuclei had the 3C-3D type pattern in the auto-
some, but in one of them the X chromosome was
the 3D type and in the other two it was the 2D
type.

A more direct intranuclear relationship between
the X and the autosomal labeling pattern is shown
in Table III. In column 2, the numbers of auto-
somes with the particular labeling patterns are
shown for XX2A (left) and XO2A (right). In the
XX2A nuclei the numbers of X chromosomes
showing the specific pattern match exactly those of
the autosomes, with the single exception (row 3C)
mentioned earlier. In contrast, for the XO2A nu-
clei, the numbers of X chromosomes with a spe-
cific pattern match the numbers of autosomes with
the same pattern (numbers on the right of column
2), from DD to 2C; thereafter, there is a differen-
tial labeling of the X and 2R in every nucleus. For
example, among the two XO2A nuclei, under 3C
type (row 4), the autosomes were 3C type but the
X chromosome was 3C-3D in one and 3D in the
other. Similarly, among nine 2D type XO2A nu-
clei, the autosomes were 2D in all the nine, but
seven of them had the 1D pattern in the X chro-
mosome, and in the remaining two, the X was
completely unlabeled. These data, therefore,
clearly reveal that an intranuclear asynchrony be-

tween the X and the autosome(s) exists in the
XO2A nuclei of the mosaic glands, regardless of
the proportion of XO2A cells among the total
number of cells.

The segments 1A to 11A of the X chromo-
somes and S6F to 60F of the autosome 2R (10)
have been examined with respect to the labeling
frequency of the individual sites. Since each seg-
ment may have one or more independently label-
ing subsegments, these segments of the X and 2R
have been divided into 39 and 20 replicating units,
respectively (Fig. 6), on the basis of the arguments
discussed elsewhere (4, 8, 15). The replicating
units are in no way comparable to replicons, but
may simply represent a series of synchronously
replicating bands and interbands. It is evident
from the data in Fig. 7 that the frequencies of
labeling for the 20 replicating units of 2R are con-
cordant in both XX2A and XOZA nuclei. On the
other hand, of the 39 X-chromosomal units all but
two (nos. 10 and 39, which are the well-known
late replicating sites) show clearly lower frequency
in XO2A than in XX2A nuclei.

The grain count data of the two specific seg-
ments, 1A-11A of the X chromosome and 56F-
60F of the autosomal arm, 2R, are presented in
Table IV. Only the data of the chromosome seg-
ments with the 3D to 1D patterns are shown here,
since the numbers of silver grains on the chromo-
somes showing the DD to 3C type are highly
variable or unaccountably large (Fig. 1a-¢). Both
mean grain number per segment (columns a and c)
and total intensity of labeling of each segment with
a specific pattern (i.e., mean grain number X

TasrLe III

[PH]TdR Labeling Pattern(s) of the X Chromosome of Female (XX2A) and Male (XO2A) Nuclei of the Mosaic
Glands for a Specific Pattern of Labeling on the Autosome (2R) Showing Intranuclear Association

Labeling pattern of au-

Labeling patterns of X

tosome Number

2R) (°+3) XX2A X0O2A
DD (48 + 11) DD (48) DD (11)
1c 32+ 1) 1C (32) 1C ()
2C (35 + 1) 2C (35) 2C (1)
3C (19 + 2) 3C (18 + 1) 3C-3D (1), 3D (1)
3C-3D (28 + 6) 3C-3D (28) 3D (2), 2D (4)
3D (78 + 7) 3D (78) 2D (2), 2D-1D (1)*, 1D (4)
2D (84 + 9) 2D (84) 1D (7), UL (2)
1D (33 + 3) 1D (33) UL (3)
CL 8 + 0) CL (8) -

Numbers in parentheses indicate number of nuclei with specific patterns.

* Included under 1D in Table II and Fig. 55.
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Ficure 6 The segments 1A-~11A of the X chromosome (top) and 56F-60F of the 2R autosomal arm
(bottom) of D. melanogaster, observed in the study. The different replicating units (1-39 of the X and 1-20
of the 2R) (8) corresponding to their cytological extent on Bridges’ map of salivary gland chromosomes of
D. melanogaster (see reference 10) are shown in the upper divisions of each section.
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FiGure 7 Histograms showing the frequencies of [*H]TdR labeling of the 20 replicating units of the 2R
segment and the 39 replicating units of the X chromosome segment of the XX2A (female) and XO2A
(male) nuclei in the mosaic salivary glands of D. melanogaster.

TaBLe IV
Analysis of [(H]TdR Labeling Intensity on the X and 2R Segments of XX2A and XO2A Nuclei of Mosaic Glands
X chromosome (1A-11A) Autosome (56F-60F)
Mean grain no./ Frequency of Mean grain no./ Frequency of X/A ratio of total
Labeling pattern segment pattern Total intensity segment pattern Total intensity intensity
of the nudei* (a) (b) (a xb) (c) d (c xd) (ab/cd)
% %
XX2A nuclei
3D (5) 280.4 14.2 3981.7 2214 142 3143.9 1.26
2D 4) 102.6 15.3 1569.8 86.8 15.3 1328.0 1.18
1D (2) 46.5 6.0 279.0 255 6.0 153.0 1.82
XO2A nuclei
3D (4) 156.0% 4.2 665.2 168.0 9.9 1663.2 0.40
2D (2) 86.0 8.5 731.0 79.5 12.7 1009.7 0.72
1D (2) 10.0 16.9 169.0 27.0 4.2 1134 1.49

Numbers in parentheses denote the number of nuclei scored for grain count.
* Classification of labeling pattern is based on the labeling pattern of autosomes.

t For XO2A nuclei the mean grain number on the X has been multiplied by 2 to allow adjustment for haploidy of the
X.

CHATTERIEE AND MUKHERIEE Dosage Compensation in Drosophila. IX 177

LLOZ ‘91 yote uo Bio ssaidni qol wol peapeojumo


http://jcb.rupress.org/

Published July 1, 1977

frequency, in percent, of each pattern among all
labeled cells) in the X and 2R have been com-
pared. Data show that the relative mean numbers
of grains on the X chromosome (adjusted for the
haploidy of the X in the XO2A cells) with respect
to that on the 2R segment of XX2A and XO2A
nuclei are similar. When the total intensity of
silver grains on each X chromosome segment is
compared in the XX2A and XO2A (column 4), it
is evident that the total intensity of labeling on the
X chromosome in XO2A nuclei is distinctly less
than that in XX2A nuclei, even after adjustment
for the haploidy of the X in XO2A nuclei. This is
also evident from the comparison of the X/A ra-
tios of the total intensity (last column) in XX2A
and XO2A nuclei. The high X/A ratio (1.49) for
the 1D pattern in the XO2A nuclei is obviously
due to a higher frequency of the X chromosome
with the 1D pattern, and this higher frequency is
attributable mostly to the two late replicating sites
(nos. 10 and 39) mentioned earlier.

The two sets of data, the consistent lower label-
ing frequency and total labeling intensity in the X
chromosome than in the autosome in the XO2A
nuclei during 3C to 2D (and even up to 1D, if we
ignore the two late replicating sites), on the one
hand, and the consistent intranuclear asynchrony
in the labeling pattern between the X chromosome
and the autosome(s) during the same period on
the other, regardless of the proportion of XO2A
nuclei in the mosaic glands, strongly suggest that
the single X chromosome in XO2A nuclei of the
mosaic glands completes the replication earlier
than autosomes, and, like the hyperactivity of the
X chromosome, the early completion of replica-
tion by the X chromosome in haplo-X cells is also
cell autonomous. Moreover, a comparable mean
grain number on the X chromosomes (adjusted
for the haploidy) in XO2A and XX2A nuclei,
relative to that on the autosome segment of 2R,
supports the contention that the rate of replica-
tion of the X chromosome of the male may be
relatively faster than that of the autosomes of the
complement, a contention derived from the ob-
servation that the initial labeling patterns of the
X chromosome and autosomes are synchronous
in the XO2A nuclei.

DISCUSSION

Lakhotia and Mukherjee (7) demonstrated that
both the enlarged width and hyperactivity of the X
chromosomes of male Drosophila melanogaster
are cell autonomous. Their data were derived

from a wide range of mosaicism for XX2A and
XO2A nuclei. In the present investigation the
range of mosaicism varied from about 2-74%
XO2A nuclei. It must be remembered that even in
completely female or male larvae, the [*H]TdR
labeling index is never 100%. In the mosaic glands
examined, it is even less. The different nuclei are
in different sequential parts of the S period. Nev-
ertheless, the asynchrony of labeling between the
X chromosome and autosomes was observed in
those XO2A nuclei which had the 3C to 1D type
patterns and the asynchrony was not influenced by
the number or proportion of the XX2A cells
around the XO2A cells.

The data presented here reveal that as in the
complete males (8), in the XO2A nuclei of gynan-
dric mosaic salivary glands of Drosophila larva
also, (@) the number of [PH]TdR labeled sites on
the X chromosome was less than that on the auto-
some(s) beyond the 2C stage, (b) the labeling
frequency of the different patterns of the X chro-
mosome was distinctly lower than those of the
autosomes in XO2A nuclei which were classified
as 3C to 2D on the basis of their autosomal label-
ing, (¢) the asynchrony could not be detected
earlier than 3C, either by the labeling pattern or
by the frequency of the early patterns (DD to 2C),
and (d) the adjusted mean grain number on the X
chromosome relative to the number on the auto-
some was proportionately similar in both XX2A
and XO2A nuclei, for the 3D to 2D patterns. We
conclude from these data that the X chromosome
in XO2A nuclei completes the replication earlier
than the autosomes and, conversely, also earlier
than the X chromosomes in the XX2A nuclei.
This early completion of replication by the X chro-
mosome of haplo-X cells is also cell autonomous.

There may be three alternative possibilities re-
garding the operational means of achieving the
early completion of replication of the X chromo-
some in haplo-X cells: (@) it may be brought about
by a faster rate of replication of the single X
chromosome in XO2A or XY2A cells, as com-
pared to the autosome, and such faster replication
of DNA probably would correspond to a rapid
polynucleotide chain elongation; (b) it may be
achieved by an early initiation of replication in the
X chromosome of the haplo-X cells; or (¢) it may
be due to a larger number of replicating units in
the X chromosome of haplo-X cells than in the
XX2A cells. Our data presented earlier (3, 8, 15,
16) and here strongly support the first possibility.
Firstly, neither in the XO2A nuclei of the mosaic
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glands nor in the completely male larval glands
(15, 16) was the asynchrony between the X chro-
mosome and autosome observed earlier than the
late DD stage. Since it was possible to demon-
strate the asynchrony of labeling between the X
chromosome and the autosome in male larval
gland cells of D. pseudoobscura during the late
DD and 2C (see Fig. 2 of reference 15), it is
reasonable to assume that had they existed at an
early stage, they could indeed have been cytologi-
cally recognized. Secondly, no nucleus has been
recorded so far by us or previous workers as hav-
ing only the X chromosome labeled in the haplo-X
cells. Recently, Meer (13) has pointed out a case
of only the X chromosome being labeled in the
hybrid of D. athabasca and D. azteca, but a similar
case has not been found individually in either of
the two species. Thirdly, the grain count data
mentioned above provide additional support along
the same line. Finally, autoradiographs of actino-
mycin D-pretreated glands have revealed a num-
ber of DD patterns, possibly because the drug
caused a block and subsequent release of the
DNA replication (17). In these autoradiographs,
the different chromosomal elements (X and auto-
somes) have a reasonably similar DD pattern in
both sexes. These findings stand strongly against
the second alternative.

On the other hand, if one assumes that each
replicon must receive a signal for the initiation of
the S, then there should be a finite time lag be-
tween the initiation of the first and the last set of
homologous replicons. This would then imply that
all of the replicons in a segment of an X chromo-
some in a haplo-X nucleus would, on the average,
have been initiated before all of the (twice as
many) replicons had been initiated in a segment of
the diplo-autosomal remainder of the chromo-
somes in the complement. Then, for identical
rates of replication (measured in lengths of chro-
matid per time unit), one would expect that the
haplo-X would finish replication relatively (to
autosomes) sooner than the diplo-X. However,
our earlier observations (3, 4, 8) and the results
of Mulder et al. (18) suggest that neither the
initiation nor the termination is guided by the
number or size of the replicon or replicon series
(cf. reference 22). The initiation and termination
of the two late replicating units (10 and 39) of the
X chromosome are not different in XX2A and
XO2A (or XY2A), despite there being presum-
ably twice as many replicons in the former as in
the latter. These points, we believe, limit the theo-

retical expectation of early initiation and early
completion of replication of the X chromosome in
haplo-X cells.

The third possibility that there may be a larger
number of replicating units in the X chromosome
of haplo-X cells than in the X chromosome of
diplo-X cells can also be ruled out by the observed
data from the autoradiographs of mosaic glands
presented here as well as those of complete male
and female larval glands reported earlier (3, 8, 15,
16). No X chromosome in the XO2A nuclei was
observed in which a particular replicating unit
(such as no. 10 or 15) had revealed two or more
labeled sequences, as against only one in XO2A.
Whether this altered rate of replication of DNA in
the X chromosome in haplo-X cells is due to a
larger endogenous pool of TdR remains to be
examined. However, this is an issue relating to the
mechanism, and if we assume the randomness of
incorporation of the precursors, this should not
interfere with our interpretation.

Since the early completion (or a faster rate) of
replication by the X chromosome in the XO2A
nuclei is observed here under otherwise similar
physiological and genetic conditions, we believe
that this is a more direct support to the contention
that both hyperactivity and early completion of
replication are two cytological counterparts of the
genetic phenomenon of dosage compensation in
Drosophila. The correlation between hypertran-
scriptive activity of the X chromosome of the male
and hypertranslational activity of the X-linked
genes of male Drosophila has been demonstrated
by Lucchesi et al. (11). The present finding on the
cellular autonomy of faster replication (or at least
early completion of replication) implies further
that dosage compensation in Drosophila is not
dependent on the development or physiology of
the sex.

The more interesting outcome of the present
investigation is perhaps the observation that the
single X chromosome of male Drosophila very
likely starts replication synchronously with the au-
tosomes at the very beginning of replication but
that the asynchrony is detected only during the
2C-3C stage. In D. pseudoobscura, Mukherjee
and Chatterjee (15, 16) provided evidence for an
early asynchrony, and they could detect the differ-
ential labeling in XY2A cells at late DD and 1C-
2C. These data suggest that, like the asynchrony
reported for the autosomes (5), the replication of
the X chromosome starts initially synchronously
with the autosomes in both sexes and becomes
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asynchronous in haplo-X cells only when all or
most sites become active for the synthesis of
DNA. It may be possible that the point of asyn-
chrony might be set differently for different spe-
cies. If this were actually so, this would imply that
a common control of initiation of the replication
for a particular genome holds true for both auto-
some and X chromosome and for both sexes.

This work was supported by a grant from the Depart-
ment of Atomic Energy (Grant 4/76/74/G) and from the
University Grants Commission (F-23-201/75-SR 1I) to
A. S. Mukherjee.

The photomicrographs were taken with a Zeiss pho-
tomicroscope III donated to A. S. Mukherjee by the
Federal Republic of Germany.

Received for publication 20 July 1976, and in revised
form 4 February 1977.

REFERENCES

1. BerenDEs, H. D. 1973. Synthetic activity of poly-
tene chromosomes. Int. Rev. Cytol. 35:61-116.

2. CHATIERIEE, S. N., and A. S. MUKHERIEE. 1971.
Chromosomal basis of dosage compensation in Dro-
sophila. V. Puffwise analysis of gene activity in the
X-chromosome of male and female of D. hydei.
Chromosoma (Berl.). 36:46-59.

3. CHATTERJEE, S. N., and A. S. MUKHERIJEE. 1973.
Chromosomal basis of dosage compensation in Dro-
sophila. VII. DNA replication patterns of the puffs
in the male and female larval polytene chromo-
somes. Cell Differ. 2:1-19.

4. CHATIERIEE, S. N., and A. S. MUKHERIEE. 1975.
DNA replication in polytene chromosomes of Dro-
sophila pseudoobscura: New facts and their impli-
cations. Indian J. Exp. Biol. 13:452-459.

5. CHATTERIEE, S. N., S. N. MonpaL, and A. S.
MuxkHERIEE. 1976. Interchromosomal asynchrony
of DNA replication in polytene chromosomes of
Drosophila pseudoobscura. Chromosoma (Berl.).
§4:117-125.

6. HaeceLg, K., and W. E. KaLiscu. 1974. Initial
phase of DNA synthesis in Drosophila melanogas-
ter. 1. Differential participation in replication of X-
chromosome in males and females. Chromosoma
(Berl.). 47:403-413.

7. LakHotia, S. C., and A. S. MUKHERIEE. 1969.
Chromosomal basis of dosage compensation in Dro-
sophila. 1. Cellular autonomy of hyperactivity of
male X-chromosome in salivary glands and sex dif-
ferentiation. Genet. Res. 14:137-150.

8. Laksotia, S. C., and A. S. MukKHERJEE. 1970.
Chromosomal basis of dosage compensation in Dro-
sophila. 111. Early completion of replication by the

180 THE JournaL ofF CELL BioLoGy - VoLUME 74, 1977

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

polytene X-chromosome in male: further evidence
and its implications. J. Cell Biol. 47:18-33.

. Lakvotia, S. C., and A. S. MUKHERIEE. 1972.

Chromosomal basis of dosage compensation in Dro-
sophila. 1V. Hyperactivity of X-chromosome in
male of D. bipectinata and D. kikkawai. Proc.
Zool. Soc. (Calcutta). 25:1-9.

Lmnpsiey, D. L., and E. H. GreLL. 1968. Genetic
variation of Drosophila melanogaster. Publs. Carne-
gie Inst. Wash. no. 627.

Lucchsst, J. C., J. M. Rawts, Jr., and G. Ma-
RONI. 1974. Gene dosage compensation in meta-
females (3X:2A) of Drosophila. Nature (Lond.).
248:564-567.

Maroni, G., and W. Praut. 1973. Dosage com-
pensation in Drosophila melanogaster triploids. I.
Autoradiographic study. Chromosoma (Berl.).
40:361-377.

MEER, B. 1976. Anomalous development and dif-
ferential DNA replication in the X-chromosome of
a Drosophila hybrid. Chromosoma (Berl.). §7:235-
260.

MUKHERIEE, A. S., and W. BEERMANN. 1965.
Synthesis of ribonucleic acid by the X-chromosomes
of Drosophila melanogaster and the problem of dos-
age compensation. Nature (Lond.). 207:785-786.
MUKHERIEE, A. S., and S. N. CHATTERIEE. 1975.
Chromosomal basis of dosage compensation in Dro-
sophila. VIIL. Faster replication and hyperactivity of
both arms of the X-chromosome in males of Dro-
sophila pseudoobscura and their possible signifi-
cance. Chromosoma (Berl.). 5§3:91-105.
MuUKHERIEE, A. S., and S. N. CHATTERIEE. 1976.
Hyperactivity and faster replicating property of the
two arms of the male X-chromosome of Drosophila
pseudoobscura. J. Micros. (Oxf.). 106:199-208.
MukHeERiEE, A. S., S. N. CHatTenEeg, R. N.
CHATTERIEE, D. MajuMmpaRr, and A. Nag. 1977.
Replication cytology of Drosophila polytene chro-
mosomes. The Nucleus (Calcutta). (Suppl.) In press.
MULDER, M. P., P. vaNn Dunn, and H. J. GLORR.
1968. The replicative organization of DNA in poly-
tene chromosomes of Drosophila hydei. Genetica
(The Hague). 39:385-428.

OrrerMANN, C. A. 1936. Branched chromosomes
as symmetrical duplications. J. Genet. 32:103-116.
Ropman, T. C. 1968. Relationship of develop-
mental stage to initiation of replication in polytene
nuclei. Chromosoma (Berl.). 23:271-287.
RupkiN, G. T. 1964. The proteins of polytene
chromosomes. In The Nucleohistones. J. Bonner
and P. Ts’O, editors. Holden-Day, Inc., San
Francisco. 184-192.

RupkiN, G. T. 1972. Replication in polytene chro-
mosomes. In Results and Problems in Cell Differen-
tiation. W. Beermann, editor. Springer-Verlag,
Berlin. 4:59-85.

LLOZ ‘91 yote uo Bio ssaidni qol wol peapeojumo


http://jcb.rupress.org/

