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. HYPERACTIVITY OF THE POLYTENE X-CHROMOSOME IN MALE DROSOPHILA
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FOUR TENT-TIGURES
ABSTRAGT

The funcional morphology and the transcriptive activity of the male X-chromesome
in Drosoplila kikkawad and D. bipectinata have been examined. In both these species of the
melanogasier species-group, the X-chromosome in the salivary glands of the male larvae 1s
ealarged and pale stained as in Drosophile melunpgaster. *H-uridine autoradiography shows
that in both the species. the relative rate of RN\ synthesis by the single X of thie male is
similar to that by the two Xs of female.

The results indicate that: {a) the énlargement and pale staining of the single X i
the lanval salivary glands of the male is ef general occurrence in the genus Dresophila, and (6)
despite the changes in the configuration and organizadon of the X-chromosome in these
species (that have taken place during their evolution), the hyperacuvity of the male X
and thercfore, dosage compensation for X-linked genes, has remained unclmngcgl.

INTRODUCTION

[n the course of evolution it the genus Drosophila theve have beenr many
chromosomal rearrangements involving the sex-chromosomes. While n some
cases merely the conbiguration of the original X-chromosowe is changed, in
several instances such rearrangements have modified the sex-determining wecha-
nism (Stwreevant and Novieski, 1941 Patterson and Stone, 1g32). Previous
studies  (Mukherjee, 1g66; Mukherjee et al, 1968, 1g6g; Lakhotia und
Mukherjee, 1960, tg70; Lakhotia, 1970, 1971) have indicated that in Drosoplii
melanogaster, dosage compensation operates by hvperactivity of the single X tn
the male, that this hvperactiviey shows a cellular autonomy iy sex mosaics, that
it 1y functounaily related to the replicative orgunization of the male X, and
fluaily, chat the hyperactiviey of the male X is not a “position cifect” (Lakhotia,

1This work was supported by a Research Fellowship of the Universities Grants Commis-
sion, Government of India {Ref. No. F-8-25/67(F) te the first-named author, and a grant from the
Department of Atomic Energy, Government of India (Ref. No. BRNS/B & Mij20/70) to the
second zuthor. .

*Present address: Department of Zaology, Gujarat University, Ahmedabad 9, Gujarat, India.
g i) 1



o

8. G Lakhotia and A, 8. Mukherjee

ty7u). In view of these (indings, a cytological and gene-physiological study of
dosage compensation in different species of Drosophila should be obligatory
for a better understanding of the chromosomal basis of dosage compensation
in this genus.

fin the present work, the functional morphology and transeriptive activiey
ob the male and female polvtene Xechromosowes in D. hilkawal Burla, 1954,
and D. bipectinate Duda, 1923, are presented. These two species have been
selected because in the course of evolution of these species the original
N-chromesome has undergone reorganization (Patterson and Stone, 1g52). In
D. hilhawas the X is acrocentric like that in D. melanogaster but the proximal
heterochromatic segment of the oviginal melanogaster-type X has heen rans-
located to the yth in kikkewat, while in D.bipectinata in addition to this truns
location of the basal Xeheterochromatin to the gth, a pericentric inversion hus
occurred i the X, producing a submedian centromere in the Xechromaosoine
(Putterson and Stone, 1952). The present work aims at showing that in these
Drosophila species too. dosage compensation operites
male and that despite the evolutionary reorganization of rhe X, there arc no

by X-hyperactivicy in the
disturbances i desage compensation mechanisan.

MATERIAL AND METHOD

Functional morphology:

Wild strains of Drosophila kikkawal (from Bracily and Drosophile bipectinata
(from Calcuita) were used for these studies. The thes
in the standard Drosophile food at 24° = 1°C. The salivary glands trom their
Lue third instae larvae weve dissected out in Drosaphile-Ringer ur pH 7.0
(prepared afrer Bervendes ¢t af,, 1gi;5) and squasiy preparations made following
the usual technique (Lakhotia and Mukheriee, 156y). From the preparations,
the widths of the NX-chromoesomme and a particular autosome {for derails sce

and Aul" ac were reared

under 0ssERVATIONS) in the male and feniale of these two species were measured
by the technique described caclier by us (Mukherjee ei al., 1g68; Lakhotia
and Mukhietjee. 196g) and the autosome | X-chromosome width ratios calculated
to examine the enlargenent of the single X in the male.

Heoeridine labelling:

For *H-uridine labelling the excised salivary ghuowds from the tate third fnstar
wale and female lurvie were incubared in Drosophila-Ringer coutaining
“Houridine (100 aCi/inl: Sp. Act. 5-6 Ci/mM. obtained from Bhabha Atomic
Reseuarch Centre, Trowmbay) for 1o winates, The preparations were processed
lor autoradiography using Kodak AR 1o Stripping Filin. The autoradiographic
processings were the same as described earlier by us (LaLhoua and Mukherjee,
1969). Exposure time was 20 days.
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Cext-rrovre 2. —Photomicrogeiphs of palytene nuelet in larval salivary glands of female (A
y and male (B) Drosaphila bipectinata. A ;
Bitferent chromosome arms are idencified by the provisional nomenclatres

050 (see text). The rwo
characteristic puls on 3L are just proximal 1o the dark band indicated by arrow.

The data presented in Table 1 on the relative width of the Xechromosome
in the male and female (shown as 3R /X wideh ratios) make it clear thac as
in D. melanogaster, the single X in the male D. kikkawai is also nearly as
wide as the two X's in the female or as the paired autosomes { Textlig. 1B).
As tn Do melanogaster (Lakhotia and Mukherjee, 1ybiy), the aurosone/ X width
ratios in the male and female D. kikkawai are close to 1o

Drosophila bipectinata: The chromosome complement of D. bipectinuta
{(Textfig. 2) is very similar to that of D. aranassze (Patterson and Stone, 1932 ).
[ salivary glands. the Nechromosome shows two comparatively short arms—
XL and XR, XR being the smaller of the two. There are four large autosomal
arins representing the two metacentric autosomes. As®in D, kikkawai, the
longest autosomal arm has heen rermed 3R and the arm most often associated
with 3R as the gL: the other two autosomal arms have been provisionally
identified as 2L and 2R respectively. A 4th chromosome could nor be prh‘ith'cl.\'
identified. As in D. ananasiae (Dutta Gupta, 1glg). in D. bipectinata boch XL
and XR frequently show (one on each arm) large intersticially situated fietero-
chromatic blocks. [n this species, the 3L arm was raken as the reference auto-
some since this could be easily identified by the two adjacent puffs situated at
the proximal one-third of this arm (Textfig. 2: the puffs are just proximal
to the arrow on 3L).

Bath the arms of the X-chromosome (XL and XR) in D. biprectinate exhibit
light scaining and enlarged width in ths male (Text-fig 2B). The sL/X
chromosomal width racios (3L/XR and 3L/XL) in the male and Ffermnale

presented in Table 1 show thac thev are very clase to 1.0

RNA SYNTHESIS BY N-CHROMOSOME IN MALE AND FEMALE SALIVARY GLAND IN
D. kikkawar anp D.sipEcTINATA:

*H-uridine autoradiography was carried out in these two species to examine

HYPERACTIVITY OF POLYTENE X-CHROMOSOME IN MALE DROSOPHILA po

Uitk 1 Litosome-to-X-chramosome width ratio in polylene nuclei of male
aned female nuetei of Drosophila kikkawai and D. hipuctin:ttu..

MEAN CHROMOSOMAL WIDTH RATIOS

SeRcEs
Drooplite kikkawel IRX
Serale 1-01 +0-02
Femad (o
Male 108 ~:03
' [20%
Brosaphila bipectinata JL/XL 3L/XR
Ferule P02 2002 100 =0-03
elt] (209
Male 10+ £0-02
(23)

*Figures in parentheses indicate the number of tuelei measured.

the relative rate of RNA synthesis by the Xochromosome in the male and female
salivary glands of late chicd instar larvie.

In D. kikkawai the total number of silver grains present on the entire
X-chromosome was scored. A part of the 3R was also selected for grain counting:
this region extended from the dark band immediately following the two
characteristic puffs on this arm (pointed out by arrow in Texcfig. 1) to its tip.
The absolute grain numbers scored on the X and the 3R in the male and
female nuclei and the means of ratios of silver grains on the gR and that on
the X of a nucleus are presented in the Table 2. A direct comparison of the
absolure grain numbers in the male and female has not been made since the
general dﬁgrce af labelling is different in the two sexes (as judged by differences
in the labelling intensity on the 3R segment in the male and female nuclei.
see Table 2); labelling in the male nuclei seems to be slightly higher than
in the female nuclei observed. However, a comparison of the 3R /X *H-uridine
grain ratios in the male and female nuclei examined shows that the relative
incorporation of “H-uridine in the single X of the male and the two X's of
the female is very similar (male 3R /X grain ratio=0.63; female 3R/X grain
ratio=0-61; P>0-8; see Table 2).

A similar analysis of the grain numbers has been made in D. bipectinata.
The toral number of grains present on the XL and XR and that on a region
of an autosomal arm (3L) were scored in the male and female. The region
on the 3L extended from the dark band immediately following the two puffs
on the proximal part of 3L (indicated in Text-fig. 2 by arrow on the 3L) to
the tip. Tahle 2 shows the mean numbers of grains recorded on the XL, XR
and gL and the mean 3L/XL and gL/XR grain ratios in the two sexes. In
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TexT-fFicuat 3. —Photemicregraphs of *H-uridine labelling of polvtene chromosomes of female
(A) and male (B) Deosophila kikkawei.
The sulid tine indicates the orientation of the X-chromasome.
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Fexc-rioeae 4 —Photemiccographs of “Heuridine labelling of polytene chrormusurmes ot
termale (A1 and male (B Drosoplla bepefr it

may he pmnls.d oui here that the number of nuclel exaanined to Hlaridine

ain counting in the two sexes in this species is rather tow. The matie reason
for this is the fact thae in Do bipectinata, very few nuclet o squist pre-
paration remain ntt o allow a comparison of the labelling on particubar
qutosortie and the Nechromosomal o of 4 nucleus Novertheless, 4 come-
parisort of the mean 3L/N grain ratios (3L XL and 5L XR) {u the wale and
fernale nuclei shows that the relutive uptake of ‘H-uridine by the single X in
the male and the two N's in the female is similar. The gL/XL and 3L/XR
grain rutios i the male and female are not sifrni('u;"uul\ ditterent (Pr>o0-0).
Cext-hgures 3 and 4 preseot pmamm:tmuupha ot Faridine autoradingrams
of the salivary glund chiromosomes ot the male and ferale D0 kikkawnd aud
B. bipectinata vespectively. In both the species, the relative incorpor arion of
S ouridine is stmilar for the Xechromosome and the qutosores in the two sexes.

DISCUSSION

In both D. kibkawai and D bepectinata, the single Xechromosome in e
saliviry glunds of the male lanvae 1s seen 1o be pale statned and nearlv s
wide s the paired chromosomes in the nudews. Pale strining and the enlarge-
ment of the single X in the mals glands of many other Drosoplila species
aud severul other Diprera havs been reported earlizr (Dobshunskv. 1g57
Conedetrn and \.\';H\__J,'t_‘_ 1yt Berzndes, 1466: Roherts et al., tg67: Mukherjee
ef al, 1yis: Lakhoda and Mukherjee, tba). Thus, it seems thar the enluoe
ment and pale staining of the male X in polvizue nuclet are of general occour
rence in the genus Drosephila and possibly also in other Diptera, and in view
ot the evidence pt'm;-med earlier (Lakhotie and Mukherjee, 1ylin,  ty7o:
Lakhotia, tg7a) this ealargement of the male X may be considered o be related
to the dosage compensation mechanisnt.

"The ratz of RNA synthesis on the Xechromosome i the mule and female.
as judged by ‘He-uridive auroradiography. has been found to be equal in
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D. melanogaster (Mukherjee, 1ytit; Lakhotia and Mukberjee, 1gtg; Kaplan and
Plaur, 1968} and in D Ayder (Mukherjee et ol vghs, 1gfig). The present results
extend this observation o D. kilfawar and Do bipectinata. s mentioned in
the introduction, Drosophila melanogaster, D kifkawal and D0 bipectineta
differ in the confliguration of their Xechiromaosomes. n the ovigin of the X's of
D. f)tf)r:‘f,.fi'.'frl-’el and D. kikkawad no new awtosomal I'r.."_’.furl {ar least not ||1.1itrr|
is believed to have been involved (Patterson and Stone. 1952y Since the dosage
compensation in Drosopitile is not o “position etfect” as (o oummals (Lakhori,
wy7oa, By it is to be expected thae the evolutionary rearrangemenes thae have
led to the vrigin of the reorganized X in these species world not distarh the
piccemeal regulatory svstem of dosage compensation in Drosveplofe. The single
X in the males of D. kiftkawar and D. fue‘xr’r'-'.frm.’.: seeiy to be ay }l.\[llflill.Li\-’.'
as in Do melanogaster. Unfortunately, no genetic studies

are aviliehle in these
species to demonserate the existence of dosage compensation ar phenatypic
level. The results obrained here suggest thar the X chromosome o the male
and female larval salivary glands (o D0 kikharend and Do bipectinatie s com-
pensated with respect to RN svathesis. and comparing with the situation in
D. wnelancoester (Lakbou:

and Mukherjee, 1giia. tg7or Korge, w00 Lakhotia,
w71} this would indicate that ar phenotypic level oo, tiere wounld be, n
general. a full compersation i these Drosophlie species.

More detailed studies on ditferent aspects of dosage compensation in_these
different species of Drosophile woulld be very important to huve a betrer under-
standing of the chromosomal basis of dosage compensation mechanism. Firse,
extensive genetic studies in these species are required to show rhat as ac
chromosomal level, there is a compensation at the pherfhrypic level oo,
Secondly, at the chromosomal level. a locus- or putbwise analysis of RNA
svnthesis is necessary to show that all the loct on the X oare eruadly activared
in the two sexes. Thirdly. an examination of che activiry ob the heternchromatic
part of the original X, which-now has become tunslocated o the gth chiromo-
some, is necessary to find out the dosage relatinuships of the Zeaetic factors
located in this region: thus the bb locus is represented i D brpectinata and
D. ananassae by three doses in the male, but only by two doses in the female
{Kaufmann, 1g36: Rikkawa. a3 Patierson and Stove, 19320 Atwood, (g69).
And finally, a stude of the dosage compemsation at chromosomal fevel in

]

D. psendoohserra and Do omiranda, with partial dosage compensation at genetic
level (Muller, 1g50) is expected to provide o better and clear idei of the dosage
compensation mechanism in Drosophile.
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