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NUCLEDLAR DNA ORGANIZATION IN POLYTENE NUCLEI OF DROSOPHILA
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A comperstive study of mitotic and polytene chromosomes of Drgsophila
provides several interesting aspects. The differential replication of
centrio and pericentric hetercchromatin of mitotic chromosomes during
rolytenization is now well dooument.duq). The organization of the
ribosomel cistrons (rDNA) in polytene muolei is related to this unique
behaviour of the heterochromatin since it iz known that in D.melanoc-
% the rDINA is loocated on the hetercohromatin of X and Y chromo—
somes 9*®) and that these blodks of heterochromatin do not replicate
in polytens mcleiu ). In the polytens ruoled of Drosophils a conal-
derable amount of intranucleolar DEA is known to be pz'esenth'a)

and this DNA has been demonstrated to be complementary to the riboso—
ma1 mmal®),

A mumber of questions pertaining to the organization of the ¥DNA in
salivary gland nuclei »emain to be understood. One is, how does the
=DEA replicate in polytene muclel when the surrounding blocks of
heteroohromatin do not repliocate at all? Secondly, whad is the physi-
oal relationship of the initrammoleelar DNA with the chromosomal DHA

in the polytene nuclei? We have initiated autoradiographic studles on
the replication of imtramucleclar DNA in several species of Drosophilay
some of our preliminary results are presented heres The physiocal rela=~
tionship of the intramucleolar DNA with the chromosomzsl DNA in these
muolei has also been analysed in the light of our cuwrrent understan—
ding of the correlation between mitotic and polytene chromosomes £f

D.melanognster.
MORPEOLOGY OF INTRANUCLEOLAR DNA

We have studied the morphology of intramusleolar DNA hy amtoradiogre~
Phy after comtimuous labelling with’H~thymidine throughout the poly-
tenic growth of larval selivary glandss For this purpose, freshly
hatohed lst instar larvae were transferred to Drosophila food supple
mented with E-thymidine (5101/g of food) and the larvae grown in this
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food at 24°C t111 late third instar stages, Salivary gland chromosome
preparations from late third instar larvae wers made and the radio-
aotivity in polytens nuclel was localised by agtoradiography. In this
panner, the distribution of DNA in D.melanogaster, D.anenassae, D.lciklc-
awel and D.pseudogbscura haz been examined. In addition, in oase of
D.pelanogaster, EM autoradiographic studies have also been done to
localize DNA in the polytens muecleoll after feeding the larvae with
g-tnymidine es above. The results of these studies hav:, in genersl,
confirmed earlier morphological observations of Rodm(a that even
in a eingle specles, the intranucleolar DHA may exist as & single
clumped mass or in a diffuse manner over the entire mucleolus or in
both forms in the same musleoluse Two examples of EN autoradiographs
of nuoleoli of D.mela s are shown in fig.l. 8imilar results
have bsen obtained with the IM autoradiography in all the other
species examined: Judging from the patterns ai’ gilver grains in the
autoradiographs, it may be said that in all the species stulied;

the DNA is distributed throughout the body of the muoclecluse. In some
muolei, even when & olumped mass of labelled DNA is seen near the
centre of nucleclus, grains may still be seen %o be dispersed over
the entire structure of mucleoluse In all the four spevies examined,
instances were seen when a thread-like commsotion extendied from the
micleolus to the chromocentrej in several cases this connective was
seen to be labelled.

REPLICATION OF IRTRANUCLEOLAR DNA IN LATE THIRD INSTAR SALIVARY GLANDS

In our laboratory, the replication patterns of intramicleolar DRA

in salivary glend polytene muclei of late third instar larvae of
Depesuloobsours and Ducikkeval have been studied{10011), mrosged asle
ivary glands from late third instar larvae of these two speoies

were pulse labelled with “B-thymidine and the squash preparations

of labelled salivary glande were autoradiographed. The object of the
study was to find out the relationship between replication of intre-
micleolar and chromosomal DNAa

It has been seen that in Depseuvdoobsoure and Dlcikkawal salivery gland
mocled, the labelling of mioleolus after a ghort pulse of sﬂ-thymidim
is usually dimspersed over the mucleolus. But the intensity of the
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labelling is variable in relation io the labelling patterns on chro=
mosomes. As is well known, within the chromosomal DNA, well defined
patterns of labelling on euchromatin end heterochromatin are discer—
nible and these patterns are believed to be characteristic of diffe-
rent phases of the S=peried of these mzola:!.(lz). However, when we
compared the labelling over the rucleolus with different patterns

of chromosomal labelling, no olearcut correlation between specific
‘patterns of chromosomal labelling and the intemsity of nuoleolar
labelling could be establisheds It was seen that in many muolei with
heavy labelling of chromosomee (contimous or discontinuous types),
the nucleolus may have = heevy (more than 25=30 grains over nucleo-
lar area), medium (15=25 grains) or a low (5-15 grains) labellingj
even completely unlabelled nucleoli were also seen with this type

of chromosomal labellings Likewise, in mnuclei with a low labelling
of chromosomes, the mucleolar DNA could be labelled heavily, medium
or lowe Significsntly, in many nuclel it was seen that the rucleolus
shows low to medium incorporation of 3H—thymid1na, while the chromo=
somes are completely unlabelled. Some examples of the diverse types
of nucleolar labelling seen in D.psecudoobscura are presented in

fige. 2. It 18 clear from these examples that there 1s no eerrelation
between the labelling pstterns of nucleoclus and chromosomes of a
micleus. It may be surmised from these data on the replication of
intranucleolar DNA in late third instar salivary glend polytenes cells
of D.pseudoobsours and Dslcikkawai, that the replication cycles ofthe
intranueleolar and chromosomsl DNA are mot synchronised in thess
cellpy they ere independent.

It is to be noted, howsver, that Rodmn(a) had studied replication

of intranucleolar DNA in salivary glands of late third instar larvae
of D.melanogaster and had concluded that "in general, label over the
nucleolus perallels demsity of label over ite related chromosome met".
The ressons for the discrepanoy between our data and thoee of Radman‘a)
are not oclear, but we are now reexamining the replication of intra-
nucleolar DNA in D.melanogaster salivery gland polytens m'zcle:l. In
this context, it is significant to note that in polytene nuolei of a
Chironomid, Smittls, Jacob and Danielld(13) pave demonstrated an



Fig. 1. EM autoradiographs of salivary gland polytene nuclei of D. melanogaster after

feeding of larvae with “H—thymidine. In 1 A, the nucleolus shows a central mass
of fibrils which is heavily labelled; the remaining nucleolar areas in this section are
nearly free of any label. Fig. | B shows a nucleolus where the labelling is dispersed
over a wider area of nucleolus. c¢c = chromocentre (beta heterochromatin);
ch = chromosome regions; ¢y = cytoplasm; nm = nuclear envelope; nu = nucleolus.



Fig. 2. LM autoradiographs of squash preparations of salivary glands
of D. psendoobscura after a 20 min in vitro pulse labelling with
3H—tb)ufﬂidirm. 2a shows interband type of chromosomal labelling with
nucleolus unlabelled; in 2b, ¢ and d, chromosomes show medium to
heavy continuous type of labelling, the nucleolar labelling in 2b is low,
medium in 2d and heavy in 2c; 2e shows chromosomes with heavy
discontinuous labelling but completely unlabelled nucleolus; in 2f and g
chromosomes have low discontinuous labelling but in f, the nucleolus is
heavily labelled while in 2g, it is low; 2h and 2i are two instances where
the chromosomes are completely unlabelled and wvet, the nucleolus
shows distinct labelling, low in 2b and medium in 2i
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independent replication of muolkeolar and chromosomal DRA in much
the same way as our present results show in D.psevdoobscurs and
Dekikkawai. In D.melanogester polytens nuolei too, Spear and Gall
have blochemioally demonstrated an indeperdent control of rDNA rapli-
cationy 1t now needs to be confirmed sutoradiogruphiocally. It seems
likely that the replication patterns of imtramucleolar DRA in
De.melanogaster would not be much different from that in other speciess

{14)

The apparently independent replication of intrarmuocleolar DNA beoomes
signifieant in view of the demonstration of under~replication of

rDEA in poly't;ane maclel of D. aia‘b-); _Q.Eglamgstar(u) and in

some species of Rhymchosoiaras 1 « Under-replication of rDNA in poly—
tene muolel of D.pseudoobscura and D.kikkewal hes not yet been demon-
strated, but it may safely be assumed that this oocurs in these spe-
oies as well since in all the speoies examined po far, polytens cells
have shown an under-replication of these sequences of DNA

Obviously, if rDHA is not replicating as many times as the euchroma-
tio DFA in polytene ocellsy the Teplicetion oycles of the two are
expected to be independently controlled. There are several poesible
ways in which the under-replicatiorn of rDNA in polytens cells may be
brought about. Gambarini and La.rcus) have suggested that this may
cocouwr either through & slow replication of rDFA olstrons oompai'cd

to the euchromatic DFA or there may be & differential replication

of the different types of rREA oiatrons within the oluster of repe—
titive ribosomal cistrons. Gamberini and Inrs(lé) have considered &
differential replication to be more likely. However; further studies
are needbd to elucidate this point.

PHYSICAL RELATIONSHIP OF INTRANUCLEOLAR DHA WITH CEROMOSOMAL DHA

In pasty several workers have attempted to identify the locus of nucl-
eolar organizer in the polytens X~chromosome of g.malamanjar(s‘rn .
Although the exeot site has not yet been sposrtained, consensus has
been that in the salivary gland miolel of Dsmel ster, the band

208 or HOC.of Bridgos? 5ap’iC) of the K-ohrononcwsy GORESSTOHS %0

the micleolar organizer region of the mitotic X- and Y—ohromsomaa(]'g) .
It has been olsimed that & Feulgen-positive cormeotive extends from
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the band 20B or 20C on the polytene X-chromosome to the nucleolus

and this has been taken to be indication of this band being the NO
{micleolar organizer) region. However, this presumed locatlon of

the NO region on section 20 of the polytene X—chromosome of D.mela-
nogaster is questionable in light of our present understanding of
homologles of different segments of the X-chromosome in mitotic

and polytene cells of D.melanogaster. The suggested homologles of

the X=-chromosome in mitotic anmd polyteme muclei is presented in figsla
On this model, the sectlon 20 of Bridges' map, whioh hitherto has
often been suggested to be representing the centrio heterochromatin
of mitotie X-chromosome 2 , actually represents the euchrometin
immediately next to the heterochromatin of the mitotic X-chromosomes.
This point has also been recently emphasized by Gall(m'} end
I-rmn(zl) and this interpretation finds support from ow:u) earlier
EM autoradiographio observations on the replicative organization

of the chromocentre heterochromatin in polytene muclei of D.melano
gaster. However, at the moment, the possibility that the seotion 20
of Bridges' map corresponds partly %o the beta~heterochromatin, ocan
not be ruled out.

If the most basal banded region (seotion 20) of D.melanegaster poly-
tene X=chromosome corresponds to the euchromatio regiom of mitotic

X or even to the beta hetercchromatin, it becomes obvious that the
¥O reglon can not be looasted in this segment. Thise, in fact, may
explain the failure of even most extensive cytogenstic analy-is(5)

to unequivoocally looate the RO region on one of the bands of meotion
20 of polytene X-chromosome of D.melanogaster. In this contex®, the
results of in mitu hybridisation studies by Pardn st.81.(?) to locate
the site of TRNA cistrons in Drosophila polytene nuolei, are signi-
fioant. It waes noted that none of the chromosome bands hybridised
any rRNA3 rather all detectable hybridisation occurred with the intra=—
micleolar DNA. This would imply, as Pardus e_t.ﬁ.(g) also oconcludg,
that in late third instar larval salivary glands, all rRNA clstrons
are exclusively located within the muoleolus. Accordingly, in the
present model (fig.3), the replicating ND region in polyteme nuclsi
ies shown 1o be in the muoleolus. In view of the suggested linear
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Fig. 3. Diagrammatic representation of the presumed linear homologies
of the different reglons of the X=chromosome in mitotic (A%} and poly-
tene (B) nuclei of D.melanpgaster. Mitotic metaphase X~ohromosome shows
nearly terminal centromere (k) and almost 1/3 of proximal segment is
heterochromaticy bulk of this is presumed to be alphs=heterochromatin
(xh) and a emall segment at the junetion of X-heterochromatin and
euchromatin tz be beta heteroohromatin (Fh). Nucleolar organizer re—
glon (no) 4is located midwey between the alpha heterochrometin. During
polytenization in lerval salivary glands (B), the euchromatin and
beta=heterochromatin replicate upte 10 times, the alpha~heterochro=—
matin does not replicate at all. The NO region (rDNA) replicates only
6=7 times(14915) itnin the mucleolus. The section 20 of Bridges' map

of polytene X-chromosome is believed to represent the basal part of
euohromatin of mitotic X, or possibly the bets heterochromatin and ,
therefore, can not be the eite of NO regien in polytens muclel as
suggested by earlier workers(>* 7). Hovever, it mot known, hew the
TDHA located within the nuoleolus meintains its contimuty, if at
ally, with the unreplicating alpha-heterochromatin,
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homologies of different segments of mitotic and polytene X=chromosome
in D.melanogaster, the DNA comnective thread from the nuecleolus would
be expected to extend to the chromocentrs region (alpha~heterochroma~
tin). In fact, we have seen in favourable preparations of D.melanogas—
ler polytene chromosomesthat thread-like connective extends in some
nuclei from within the chromocentre heterochromatin to the nucleolus.
In D.pseudoobsoura, Dekikcewed and D.ananassae also a BH—‘thymidim
labelled thread-like connective has been sesen beiween nucleolus and
the chromoocentre heterochromatine

Now it remains to be seen as to how the rDNA located within the nuol-
aoluﬂ(g) and replicating a few times, maintains its contimity with

the DNA in the alpha-heterochromatin which does not replicate at 511(3).
Kavenoff and Zim(zz) have provided convineing evidence that in each
mitotic chromosome of Drosophila, one continuous DNA molecule extends
from one end to the other. Does this imply that & linear continuity

of DNA molecules is maintained in polytene chromosomes as well? In

view of the already desoribed non-replication of the alpha-heteroch-

roma.tin( 293)

in polytene nuolel, continuous DNA moleoules extending
from oneto the other end of the polytene chromosome are not feasible.
In additiony; rDNA also replicates a few times less than the euchroma-
#4n(14935) opg 4 D.pelancgnster, the rDNA is separated from the repld-
oating beta heterochromatin by & none-replicating alpha~heterochromatin
segment (fige3). Laird(23 ) has .Buggaﬂteﬂ a very interesting model of
the polytene chromosomes in which multi=replication-fork sites are
assumed to be present at the Junotion of replicating and under-repli-
ocating or non=replicating DNA reglonsy in this manner a kind of oconti-
ruity of DNA molecules in polytene chromosomes is also presumed to

be maintained. Alternatively, it 4s alsoc possible that there are
actual discontimuities in the polynucleotide chains at such junctions.
But since DNA connections are often seen to extend from within the
mucleolus to the chromocentre, it is likely that some kind of conne—
otlon between under-replicating rDNA and non-replicating alpha-hebero-
chromatin is maintaineds It should be pointed out that in the model
rresented in fige3, a distinotion has not been made between a slow

Tepliocation of TRNA clstrons and a differential replication of rENA
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coples es suggested by Gambarini and I.araqs) + Further studies,; utili-
zing various modern technigues are expected -to throw light on the
control of the these interesting examples of differential replication
of different segments of the same chromosome. Finally, it may be sald
that polytens chromosomes still offer exciting possibilities to under—
stand the structural and funotional aspecte of eukaryotic chromosomes
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