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SUMMARY

The functional morpholagy and the ceplication pattern of the male X-
chromosome in an autosome-X insertion stock (T(1;3) 05) of Drosophila
melanogaster have been examined. In larval salivary glands carrying this
insertion neither the enlargement and pale staining of the single male X,
nor the characteristic early completion of replication cycle, as revealed by
WH-TdR autoradiography is in any way changed. The normal progerties
of the inserted autosomal segment are also unaltered. The results appear
to support a ‘pilecemeal’ type of dosage compensation mechanism in
Drosophila operating through the male.

L. INTRODUCTION

Evidence has already been presented to suggest that enlargemegt and hyper-
activity of the polytene X-chromosome in male larval salivary glands of Drosophile
melanogaster is the chromosomal basis of dosage compensation, and that this
hyperactivity is independent of sex differentiation (Lakhotia & Mukherjee, 1969).
The present communication provides support for the idea that dosage compensators
are not limited to any particular region of the X-chromosome in Drosophila—a,
suggestion derived originally from genetic studies using various X-autosome
translocations and duplications or deficiencies of small segments of the X (see
Muller, 1950). Previous cytological studies on X-autosome translocations (Schultz,
1965 ; Muller & Kaplan, 1966} have shown that the functional morphology of the male
X, ie.the pale staining and enlargement, remains unaltered following translocation.

Dosage compensation in mammals is achieved by the inactivation of one of the
two X's of the female (Lyon, 1961 ; Russell, 1961) and this process is thought to be
controlled by an ‘inactivation cemtre’. Autozomal material transferred to the
neighbourhood of this centre becomes inactivated (Ohno & (attanach, 1962;
Russell, 1963; Russell & Montgomery, 1965). The inactive X-chromosome is also
late replicating and in translocations or insertions the autosome may also acquire
this late replicating property (Evans et al. 1965). If the hyperactivity of the X in
male Drosophila were also controlled by-one or several elosely grouped controlling
centres, the X-autosome translocations would be expected to disturb the con-
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tinuity of action of the controlling eentre(s). Insuch asituation the two outstanding
attributes of the male Xin larval salivary glands—namely hyperactivity (Lakhotia
& Mukherjee, 1969) and early replication ( Berendes, 1066, Rodman, LUBS: Arcos-
Terdn & Beermann, 1968; and present obzervations)—should also he disturbed.
Conversely, if a piece of autosome is inserted in the male X, the inserted segment
should become hyperactive and early replicating under the infuence of the hypee-

active male X,

2. MATERIAL AND METHODS
=, lor whbreviitions

The translocation stock used was 7T(L;3) 05, D+ &y f =
and a cyvtological description of the translocation see Lindsley & Crell (1063). This
stuck has o piece of the right arm of the thicd chromosome (3£) insectgd into the X,

A pericentric inversion is also associated with the thivd chromosome in the stock
nsed bué this in no way influences our study.

Mabure male third instar larvae were used for sslivary gland chromoesome
studies. The width of the regions proximal and distal to the autosomal insertion
(X" and XY was measured by the method of Mukherjee, Lakhotia & Chatterjee
{1953): 50 too was the width of the inserted autosomal section when in an asynapsed
condition. The replicative behaviour of both the X and the inserted autosome was
studied by the use of tritiated thymidine (*H-TW /) lubelling. For this purpose
excised saliviey glands from male larvae were incubated for 20 min in Drosophils

Ringer containing 3 pci of SH-TdR {Sp. Act. 5-7 ¢i/mu) and autoradiographed by
the usual technique with Kodak AR 10 Stripping Film. The exposure time was
20 davs. For a comparison with the normal X, excised salivary clands from male
lavvae of Ovegon R4 wild-type stock of D. melanoguster were also antoradio-

araphed by the sime technique.

3. OBSERVATIONS AND DISCUSSION
The ealiecement and pale staining of the male X—both distal and proximal to
the insertion—are very similar to the standard male X. The insected segment of 3R
s also similar to its homolog in the standard Oregon £+ stock. This holds true
whether the inserted secment pairs, or fails to pair, with its homolog (see Plate 1,
fics. @, #). The mean ratio of the width of the two regions of the X({XF/X1) is
+0-026; N = 30) and the mean ratin of the width of the inserted

101 (3.3 =
autosome segment, when in an asynapsed condition, to that of whole X-
chromosome is 0-70 (5.8. = +0-012; & = 30). The two vatios (1-01 and 0-70} are

significantly different from each other (P < 0-001). Note that a very similar value
(0-59 £ 0-023) has already been obtained in normal D. melanogaster for the width
of an asynapsed autosome and the single male X (Mukherjee, A. 8. ¢f al. 1968).
The labelling pattern of the X-chromosome in the insertion stock was studied in
detail in about 50 nuclei selected on the basis of clear recognizability of the dif-
ferent chromosomal segments. The labelling pattern in the X-chromosome of the
insertion stock observed in the present study is precisely the same as that
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reported by Arcos-Terdn & Beermann (1068) in the normal, non-tr: ¢
<'hri3mosome of male O, melanogaster, i
. IP,“IH‘,EILI\F of_)sun'ur.iuns by Berendes (1D66), confirmed here, show thut the male X
:;1 t;r;. 11 ]::‘th\';1!‘}",%';;[.!1'{1:':' t‘.\'.hlbit.‘i a distinet {LS}‘IIL‘!’!T’OII_V in its replication. Simihtrl;r,
. 1 rtl(Am stock it has heen observed that tn nuclel where the .'mtrjﬁome:;
Df-.;'.nk Lr;:rl \r_\hj[lirll:ttlrnt(ttrll‘—r(r_[rrmn'ttm cnntinuu}:s[}’ labelled, the X-chromosome w_u:}:
ol \ 2 m')m. nuous labelling both proximal and distal to the
il insertion (Plate 2a). On the other hand, in all cases where the inge
;mt':hunml seqment and the other autosomes in the nuclets are i
labelled, the male X invarinbly shows labelling ut still g

discontinuously
] tewer sites (Plate 25 0)
Sl Fel \ ; : _ T sites (Plate 25, ).
Signific viitly .Itl.l_ pattern of lubelling of the inserted autosomal segment is always
identical to that of the non-translocated homaoloe y o
(Plate 2a, ¢) or unpaired {Plate 24). 4

whether the two are paired

An wsynchrony in the replication of the proxi-

male X and the autosomes H&u; Ilt.?.(\_wr ()})Sr.\{“\*‘ed_ ’_I'hc L.E_p“mtion #Fele of otk
S0 e persist nnmodified following insertion.

mal and distal recions of the ¥

thj :&E;‘;:Z:ﬁ: [I‘.Lr:::t uf' r.L]ne 1'gpn[Ic¢atixfe bebaviour of the X-chromosome in
Pr#Sgnt ins stock with that in the standurd male X, labelling frequency of
le_-"..-u‘LULls sites and the total numher of grains on t}l&_!.“—-l,‘h[‘O[‘Irli;‘nl .
section LA to I12E of Bridges’s map (Bridges, 1935)) in different tv J"'b-fnfle (ter
purterns v.;'e_rr:- scored for both the 7 L:3} 05 and Oregon !é—‘— m-tliE;so E*nibrflntl;gf
same nuelel, labelling frequency of the different sites | ; : At :
,g:lrnr .rm tflw :;giulil 3 F'ag t‘; BOF of the right arm of tvhr:-.;:'emlr:ltclic :1[;5 rrtl;zfr;in{;?[’i‘b)‘:ef:
also .x:t_-r)rer. - U8 the L-chromosome 45 different sites were m;tri-. 0 t.I_- 7
LA to 12E which could be seen to have independent labellj > ; J.'-l i
> N awhicly could be : 110 avelling (see Text-fig 4
;)lnnnti i’f\t[;’f 1‘;‘,';'1"? :—’_tr s'f-esl i’[’ext-.h'g N{J were delineater.i: -Lffter T.;’:;hﬁ?t- EBZJH’
(l)n“r'l..l P‘ g 3 Ljr»::mra t'w !nbze}h:}g r.rrsquent:y of the 45 sites on the X in
gon B (71 labelled nuclei) and the insertion stock (44 labelled nucle;
1:“3-{;%; Lh sho;r;s the labelling frequency of the 20 sites on 2R in the t\i@ s;ijucklml[t
SOl be nofed here that to consider any site ag Iabel]ec—i a ATk thise
;Q"I;u:l]]a was t‘dkf:'[‘_l as the AIU\,Tt-‘I‘ limit. Tt is clear that in genem:n{?fi;mf::: uc:;zh-m?
tabelling r)fthe_dlﬂ“erent stes in the X as well as the 22 is similar in hoth tlh ‘ A
[he mmm: \';‘11'1:_Ljfirms that are there may he attributable to the dif -e e
numht:r_of fuclei analysed in the two storks and possibly also ¢ l Erer‘lc'e i tl?le
:.;Zl;enc.e |r::t.}]71e Iairt‘afl age. That the differences ave not due ‘rotthe ”Ze‘::;°i‘%f;fcﬁfi
e oub by the fact that some variations are als t i ol ‘
frequency of different sites of th: 2L[;‘Ilﬁttgiélljt\ties;ii(l){anohcmb[ﬂ G
m:: ’fcllof11{1—?;ii"’n ?Efthe ratios of total number of ”H-Trfﬂ. ;q':jini on the 2R(56F-60F)
antthe A {1A-12E) in normal and insept: stack also i el s
af t-.he replication pattern. Text-fig. ﬁzﬁziat;;j r;:];jrlli“’[;;:I;L;;; iii:millutmf;
i i k ’ AN =1 ik
A?iijiéfj;?:ttf:?;}%pdttiems.j o‘f the X. In batl-h the normal and the IHEF‘?"E::;H
Wi ik s}.t.es. git'a;;m ratio shows g strikingly similar inereage ag the
il femafe %,3 thn the j;" rlecreasies. In.this respect both of these diffar
g Ty _r ep}icatf sz f 2R[X grain ratio remains more or less constant
= cycle (8. C. Lakhotia, unpublished). This inverge



S. C. LAKHOTIA Chromosomal basis of dosage compensation in Drosophila 305
- - & e

1-00 W f s
e ! '
L AN -~—--~-——l e =4 3 d .
2 sl — B3 eso{ & i
o —= o | 1 : 1 1
= < = ' ' ! )
== o ; | !
= Y D 0-80 - | : 1 : |
v 3] ! ' I | ‘
— — 1 1 1
2 2 i b ! ! 1
____________ o < - 0-70 i I I | I
_________________________ — = 1 1 1 i !
e ﬂ = CAE I | : | i
RN, sdem, |
e o oso |1} ! | i
—————————— A i L ! { |
= —_ 1
CEL o | I
2 i< = asa4 1L \ i |
- 5 Ll | 1 | | !
- L : l :
= : I I ; i
o = 040 / i ; ] 1
S < o ! ) s ! i
A= == Lo L o+t ) g :
_________ = o 030 { i A (Y el B v,
b —_— i | [ R e 1 Sl r bl
- g a ‘ I fi 1] b 1 {0 i 181 4
i -= ! i i R T g By
s U 0-20 ! | R - TR D W U L gt i
————————————— & @ I L [ i ot v ity o[t ‘I
EsEs = —— < ' i 1 ot | vt
== \ | I : : ol '; i i p
= o RN~ gto+4 |t R Il Wed gt Iy bt sl
————— e s L g R 4 AR U 8 O I R R T A b R
- = a - ¥ i L HR 1 O O T O = 11 l[ i i } il
— o A 3 H v B oL I |r Pl Iy (S 1 1! i
w ey 000 L 1 1l L il 4y i ] 8 L K b balg
L ) S a -
e i et S T T ™~ 4 1 2 11415 & 8 7 (o] 13 14 15 17 paj1#| ©
e EEmEEEE T e ] A S i I I I
_ > i ¥ 0] S0 B o e i i
~ a g R M (S
== &
_..: 5.—"':' ———
- e
— B
- o
—Z B —3
B 5 oy Text-fez. b
w2 e * »
T a Texs-fig 1.{a) *H-TdR labelling frequency of the 45 different sites on the X-
s g chromozome from section LA to 12E of Bridges’s map. Solid line = Oregon R+
e - male X ; broken line = T(1; 3) 05 males X. (b) *H-TdR labelling frequency of the 20
= = P different sites on the terminal region of 2R (section 36F to 60F of Bridges’s map).
= o Solid line = Oregon B4 male and broken ling = T'(1; 3) 25 mala.
==K >
== o relationship between the number of labelled sites and the 2R/ X grain ratio in the
% L5 - - - - Ay . o - . .
— B 5 ~ male suggests the interprefation that, afrer simultaneousinitiation of replication in
47 = 8 all the chromosomes, the X-chromosome in the male replicates faster, so that in the
e male at any subsequent moment in the S-phase more units have completed their
——— i Eaens < 5 3 ey = 3 2 = 3
™ replication, a3 compared to the female X’s. This results in comparatively reduced
. U . - - ; “ = <
— o1 incorporation of 3H-TdR by the male X as the replication eycle advances.
— = = The early completion of the replication cycle by the male X has an important
S bearing on the mechanizm of dosage compensation in Drosophila. There is an

inverse relation between genetic activity and the condensation of the chromosome.
§ In general, the condensed and late replicating material is considered to be genetic-
ally inactive (Schultz, 1965; Lima-de-Faria & Jaworsks, 1968; Barigozzi, 10968;
Mukherjee, B. B. ef al. 1968). The X-chromosome in the larval salivary glands of
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male Drosophile has heen shown to be more ditfuse and more active in RNA
synthesis than the single X's of the female (see Lakhotin & Mukherjee, 1969), The
ewcly completion of replication by the male X also aftests to its hypeeictiviby.
This implies thut the mechanisms underlying enluegement and by peractivity are
operative at the level of DNA orgunization in the polytene chromosomes (sve
Berendes, 19066). This is further suggested by observations that acents which
selectively reduce the width of the male X-chromosome (e.q, X-vays, see Makhor-
jee, Ao 8. et al 1968) also eanse specifie alteration in its replication pattern (3. (.
Lukhotia, unpublished).
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Text-fiz. 2. Mean 2R/ X *H-TdR groain ratio in different lubelling patterns of the male X
in normal and insertion stock.

Our findings lead one to presume that the hyperactivity aad the property of
early replication of the male X in Orosophiln are not achieved by a process similar
to “whaolesale” inactivation of one of the X's in female mammals. In Drosophila the
same end result, namely the equality of expression of sex-linked genes in the two
sexes, is arrived at *piecemenl’ (see Muller & Kaplan, 1966). However, contrary to
Muller’s hypothesis of repression in the female, the ‘piecemeal” mechanism is
thonght to operate through the male. Each X-linked gene is influenced by specifie
compensator loei distributed throughout the X-chromosome and possibly also the
autosomes (Cock, 1964), in such-a way that they are activated to an identical
level in the two sexes (Lakhotia & Mulkherjee, 1969).

I am very much indebted to Dr A. 8. Mukherjee for his constant muidance and ¢ncourage-
ment.

tlenetical Rosearch, Vol. 15, Purt 3 Plate 1

Plate L The salivary eland ehromosomes of 701 3) 05 male lurvae. (¢) The inserted aurosamal
segment, indiented by band numbers awd aerows, i= paired with its homalog: the pericentrie

inversion in the third chromosome iz also shown. {B) The inserted autosomal segment is -
piived and iy distinetly less wide, and more deep staining. than the =ingle male X

8. C. LAKHOTIA (Facing p. 302)
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Plute 2. 3H - TW R labelling patterns in salivary glaud ehromosomes of 201; 3105 male laevie.
Solicl line indicates the orientstion of the X; solid arrows the inserted autosomal segmoent and
beoket arrows the non-translocated homolog of the insertion in unpaired condicion. {a] Auto-
sores and the insertion are continuously labelled, the X shows discontinuous lahel, The insee-

tioie is partly paired with its homolog, () and {¢) Autosomes and the insertion showing
discontinuons Inbel, while the X shows label at siill fawer sites. In () the inserted segmment is
completely unpaived, in (e) completely paired. Note the similarity of labelling patterns io

the inserted 2egment and its homolog.
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