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Underreplication During Polytenization?

Recent Cytophotometric DNA Determinations and Related Biochemical Results
Concerning Polytene Salivary Gland Nuclei of Drosophila melanogaster
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Summary. Recent cytophotometric DNA determina-
tions and results of labeling experiments are compared
with results of biochemical experiments concerning
larval polytene salivary gland nuclei of Drosophila
melanogaster. Recent publications (Dennhofer 1981;
1982 a, b) demonstrate that methodological errors both
in hydrolysis of the DNA before Feulgen reaction and
in interpretation of the cytophotometric values give
raise to the hypothesis of heterochromatic underrepli-
cation during polytenization. It is concluded also that
methodological difficulties cause the absence of poly-
tene SAT-DNA in biochemical centrifugation experi-
ments since, because of different solubilities of eu- and
heterochromatic DNA, the latter is not resolved in
DNA isolation procedures from polytene nuclei.
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Introduction

The publications of Rudkin and Schultz (1961) and
Rudkin (1964, 1965, 1969) report an underreplication
rate of 20-30% in polytene salivary gland chromosomes
of Drosophila melanogaster during polytenization. This
percentage agrees with the heterochromatic portion of
the diploid karyotype (Perreault etal. 1968). Other
authors do not confirm the result of underreplication,
because they find complete doublings of the DNA
quantities (Swift and Rasch 1954; Rasch 1970; Rod-
man 1967). Recent cytophotometric DNA determina-
tions show that the values of *H-thymidine non-in-
corporating salivary gland nuclei of Drosophila melano-
gaster alternate with those of labeled nuclei (Denn-
hofer 1981). The extinction integrals of non-labeled

polytene salivary gland nuclei are exact doublings of
the 4 C value of the corresponding karyotype. This is
true also for aberrant karyotypes, which differ in the
number of the Y-chromosome (Dennhéfer, in press).
Further, it is demonstrated that the number of nuclei
which fall into complete DNA size classes is dependent
on the temporary state of the replication cycle. This
process, however, is strongly correlated with the larval
development (Dennhofer, in preparation). These recent
cytophotometric results contradict the hypothesis of
underreplication during polytenization in Drosophila
melanogaster.

The methodological details of the cytophotometric
DNA determinations and labeling experiments, and
results of in-situ-hybridizations are comprehensively
discussed (Dennhofer, in press). The most important
argument is that the DNA of each nucleus should be
quantitatively determined. This is possible using an
optimum method of hydrolysis before Feulgen reaction,
which quantitatively depurinates the DNA both in eu-
and heterochromatin resulting in maximum DNA
values of each nucleus.

Recent cytophotometric DNA determinations and
related labeling experiments in polytene salivary gland
nuclei do not agree with biochemical results: up to now
no SAT-fractions of heterochromatic DNA has been
found in polytene nuclei by centrifugation experiments.
First it is necessary to review the biochemical facts
concerning polytenization in order to discuss the dis-
crepancies between the results of cytophotometric and
biochemical experiments.

Diploid Non-polytene DNA

Biochemical characterization of isolated DNA by
centrifugation in a CsCl-gradient separates the nucleo-
tide sequences in a buoyant pattern according to their
specific gravity. The main fraction of non-polytene
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embryonic DNA of Drosophila melanogaster is accom-
panied by six satellite fractions (SAT-DNA), one of
them is heavier (i.e. GC-rich) and five are lighter (i.e.
AT-rich) than the main fraction. Each satellite re-
presents 3—4%, all six together represent 20-25% of the
total DNA in diploid nuclei, and they are mainly
located in the heterochromatin. The brilliant publica-
tions of Endow etal. (1975), Brutlag etal. (1977b),
Peacock etal. (1978) ad Wollenzien et al. {1977) sum-
marize all that is known about DNA satellites in
diploid DNA of Drosophila melanogaster to date.
Earlier publications (Laird and McCarthy 1968a, b,
1969; Botchan etal. 1971; Lee and Thomas 1973;
Peacock etal. 1973) report only about one or three
satellites, representing 5—15% of the total embryonic
respectively adult DNA quantity. The relationship be-
tween that small quantity of satellite DNA and the
heterochromatic proportion of 20-30% in metaphase
chromosome sets is often discussed.

Isolation of diploid DNA with different numbers of
nucleolus organizers show no proportional increase in
the quantities of AT-rich fractions with respect to the
heterochromatic amounts (Entingh 1970; Blumenfeld
and Forrest 1971, 1972; Perreault et al. 1973; Wollen-
zien etal. 1977), the amount of rRNA (Ritossa and
Spiegelmann 1965; Spear and Gall 1973; Spear 1974,
1977), or the number of ribosomal gene repeats (Endow
and Glover 1979). Polytene X/X-DNA yields the
same result as polytene X/O-DNA (Spear 1974,
Endow and Glover 1979). In all these publications it is
concluded that the replication of rDNA is controlled in
a way different from that of the other DNA fractions.

Polytene DNA

Polytene DNA from larval salivary gland nuclei has
been analysed for Drosophila melanogaster (Gall et al.
1971; Lee and Thomas 1973; Spear 1977; Steinemann
1978), for D. virilis (Gall etal. 1971; Endow and Gall
1975; Steinemann 1978), for D. Aydei (Dickson et al.
1971; Hennig 1972). and for D. nasutoides (Cordeiro
etal. 1975). Although centrifugation of embryonic
DNA results in six satellites, no distinct satellite peaks
have been seen in polytene DNA up to now, except
some barely seen bumps (Gall et al. 1971; Hennig 1972;
Steinemann 1978).

Papers dealing with the polytene DNA of salivary
gland nuclei have been published recently by Steine-
mann (1978), Schmidt (1980), and Schmidt et al. (1980).
Steinemann finds large satellite peaks in the polytene
DNA of Chironomus melanotus. In polytene DNA of
Drosophila virilis satellite fractions are barely detect-
able. In order to test the methods of DNA isolation and
quantitative centrifugation in a neutral CsCl-gradient,
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Steinemann demonstrates the buoyant density pattern of
diploid non-polytene ganglia nuclei. Schmidt (1980)
finds SAT-fractions in diploid as well as in polytene
DNA of nuclei from Glyptotendipes barbipes by cen-
trifugation in a neutral CsCl-gradient. In polytene
DNA of Chironomus thummi and Ch. piger Schmidt
etal. (1980) cannot detect any SAT-fractions in a
gradient. They only find such a fraction by differential
melting. This AT-rich fraction hybridizes with the same
bands of salivary gland chromosomes as the SAT-
fraction obtained from diploid non-polytene DNA by
centrifugation. These experiments in polytene DNA
reveal the decisive importance of methodology. To
date, the method of differential melting has not been
used to find AT-rich fractions in polytene DNA of
Drosophila species in general.

We assume that the differences between polytene
DNA of Chironomus melanotus and Glyptotendipes on
one side, and Drosophila melanogaster and D. virilis on
the other side, are caused by the existence of chromo-
centers of condensed heterochromatic chromosomal
segments in the latter species, but only by band-like ki-
netochores in the former species, resulting in different
conditions concerning the solubility of polytene DNA.
The results of Steinemann (1978), Schmidt (1980), and
Schmidt et al. (1980) clearly demonstrate that the ab-
sence of SAT-DNA is no general characteristic property
of polytene chromosomes themselves. In large salivary
gland nuclei of two Chironomidae species Walter (1973)
finds exact doublings of DNA quantities by cytophoto-
metric measurements. But nothing is known about the
growth of the nuclei during larval development respect-
ing measurement values of small polytene nuclei or
their relationship to the 4 C value.

Methodological Details

Discrepancies between the biochemical results from non-
polytene and polytene DNA could also be due to methodolo-
gical difficulties as in earlier cytophotometric measurements of
DNA in Feulgen-stained nuclei (refs.). Dickson etal. (1971),
Lee and Thomas (1973), and Spear (1977) extract DNA with
phenol, although the experiments of Skinner and Triplett
(1967) show that phenol specifically removes AT-sequences,
Le. especially the light satellite DNA. In contrast to this, Gall
etal. (1971), Hennig (1972), and Steinemann (1978), avoiding
phenol, do not completely deny the existence of small bumps
that could be satellite DNA. Using NaClO, for DNA isolation,
it has been found that the light satellites are also attacked
(Brutlag et al. 1977 a), but the method is used by Botchan et al.
(1971) and Kram et al. (1972) to isolate diploid non-polytene
DNA, and by Gall et al. (1971) who isolate polytene DNA.
Gall etal. (1971) assume that the variability in the
buoyant density pattern of diploid and polytene DNA is
mainly due to their different extractibilities, i.e. is due to
methodological difficulties during DNA isolation and is not at
all caused by fundamental differences in the DNA species
themselves. Special attention must be attached to the finding
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of variable quantities of the satellite fractions in different
DNA preparations of the same tissue, ranging from less than
1% to about 10% (Laird and McCarthy 1968 b). Wollenzien
etal. (1977) also report quantitative differences in prepara-
tions of diploid DNA from nuclei of the same karyotype, but
they exclude methodological inadequacies in the performed
procedures.

In any biochemical experiment all DNA fractions must
first be quantitatively dissolved. The disagreements between
results probably arise because this pre-condition is not ful-
filled. Additionally, the results are often infiuenced by the use
of phenol and perchloric acid during DNA isolation. Kram
etal. (1972) report that the quantity of SAT-fractions varies
between 8—16%, depending on the method of extracting the
adult diploid DNA. Woodcock and Sibatani (1975) describe a
severe loss of DNA in each biochemical extraction procedure
of larval or adult DNA, independent of the use of phenol.
Schmidt et al. (1980) report of a loss of even 70-80% of the
total larval DNA during isolation, i.e. they perform the
experiments with only 20-30% of the original DNA quantity.
G. Diihrssen/GieBen (personal communication) also reports a
loss of diploid DNA of Daucus carota, under certain condi-
tions amounting to 20-30%. It is not known whether all
fractions are damaged or only specific ones. In addition to this
Helmsing and van Eupen (1973) report that the method of
obtaining a nuclear pellet improves the yield only about 50%.
As long as the problem of complete or incomplete isolation of
all DNA fractions is not convincingly resolved, any quantita-
tive results on DNA fractions are flawed.

With the view to the different behavior of eu- and hetero-
chromatin during hydrolysis before Feulgen reaction (review:
Dennhéfer, in press), it seems possible that different solubili-
ties of the DNA fractions during extraction result in a lack of
SAT-DNA in a gradient loaded with polytene DNA. The
larger the polytene nuclei, the more heterochromatin exists. In
Drosophila melanogaster, in D. virilis, and in D. hydei most of
the heterochromatin is fused forming a chromocenter. An
increase of material is not automatically correlated with a
proportional increase of its surface. Polytene chromosomes are
specialized interphase chromosomes, where the euchromatin is
extremely uncoiled, and the heterochromatin is completely
condensed. The molecular density of heterochromatic DNA is
higher than that of euchromatic DNA. This is shown by
different quantities of incorporated cRNA (Cohen and Bow-
man 1979). In contrast to the small heterochromatic portions
of diploid DNA, the heterochromatic block within the poly-
tene nuclei cannot be as easily removed by the more recent
methods of DNA isolation. In comparison with non-polytene
DNA, the corresponding extractibility has to be tested in both
chromatin fractions of polytene chromosomes with *H-labeled
nuclei in order to decide whether the DNA is completely
removed or whether a labeled residue remains.

Apart from these chemical aspects, an unwitting selection
of the nuclei will increase the effect of unproportional quanti-
ties of SAT-fractions: in arbitrarily chosen tissues most of the
nuclei are in interphase. A constant ratio between eu- and
heterochromatin, which is a pre-requisite for accurate quanti-
tative DNA determinations, is only obtained provided all
nuclei are in the same physiological state. Generally DNA of
nuclei from embryos, pupae or adults is fractionated. There-
fore the DNA is taken from a non-homogeneous population of
nuclei originating from all possible phases of the replication
cycle. In contrast to this the DNA from salivary glands
originates from only a very small population of nuclei. For
example, Gall etal. (1971) isolate polytene DNA from 10-12
pairs of glands, i.e. from about 22003400 nuclei. Since there
is synchronous stepwise growth of these chromosomes, it is
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clear that the nuclei within a gland bglong to the same
physiological state of the replication process. As yet in
Drosophila melanogaster, all polytene DNA isolations are done
with salivary glands from mature third instar larvae (“migra-
tion larvae”). In this developmental stage the salivary gland
nuclei have just started a duplication cycle (Rodman 1967).
About 77-99% of the nuclei of those larvae incorporate *H-
thymidine. A considerable number of unlabeled nuclei is at
first typical for the early prepupal period (Dennhofer, in
preparation). Only in D. virilis has polytene DNA of tissues
other than salivary glands been tested: Endow and Gall (1975)
analyse polytene DNA of adult Malpighian tubules, which
originate from larvae and persist up to the imaginal stage.
Nothing is known about the process of replication in these
nuclei.

DNA jsolation from pepulations containing only growing
polytene nuclei, results in a clear disproportion of the quanti-
ties of eu- and heterochromatin. For example, in nuclei which
have completed a replication cycle, the relationship between
euchromatic DNA (slow annealing DNA) and heterochroma-
tic DNA (fast annealing DNA of repetitive sequences) may
come to 80:20 in Drosophila melanogaster (Peacock etal.
1978). When, however, at the moment of DNA isolation the
euchromatic DNA has already duplicated, and the hetero-
chromatic DNA has not, the relationship changes to 160:20.
Furthermore although no difference is usnally made between
polytene DNA from female and male glands, the proportions
of heterochromatin are quite different; also no polytene DNA
from larvae with aberrant karyotypes like X/0O or XX/Y has
ever been analysed.

The few experiments dealing with polytene DNA of
Drosophila species are not satisfactory. For example, the
possibility of differences in the solubility of heterochromatin
in non-polytene and polytene nuclei has not been tested.
Furthermore nobody has yet tried to separate satellite frac-
tions by centrifugation in gradients other than CsCl or by
differential melting. In non-polytene embryonic DNA the
satellites are best found in a CsSO,-HgCl,-gradient (Blumen-
feld and Forrest 1971; Endow etal. 1975) or in an actino-
mycin-D-gradient (Peacock etal. 1973). The existence of
repetitive sequences in polytene DNA of Drosophila melano-
gaster, D. virilis, and D. hydei is generally supported by the
finding of ring formations in re-associated DNA (Lee and
Thomas 1973). In D. hydei Hennig (1972) finds ring forma-
tions in re-associated adult DNA making up about 35%, but in
polytene DNA these ring formations amount to about 15%.
Schachat and Hogness (1973), however, dealing with diploid
DNA, do not agree with the assumption that ring formations
are only characteristic for repetitive sequences of SAT-DNA,
but are also formed by sequences of the main-band DNA. To
sum up the above findings, it is gathered that SAT fractions do
exist in polytene DNA of Drosophila species, but they have
neither been found or quantitatively determined by standard
biochemical methods of DNA isolation and fractionation.

SAT-DNA and Histone Fractions

Further information about the existence and the
quantity of SAT-DNA in polytene nuclei is given by
results dealing with histone fractions. Blumenfeld et al.
(1978) demonstrate the relationship between histone
fractions and individual SAT-fractions in DNA of
Drosophila virilis. The authors show that the phos-
phorylated subfractions of H1 are small, but the cor-
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responding non-phosphorylated fractions are larger in
polytene than in non-polytene nuclei. The authors con-
clude that phosphorylated H1 histones bind and com-
pact SAT-DNA resulting in heterochromatic configura-
tions, confirming the conclusions of Yumis and Yas-
mineh (1971). In hybridization experiments Pardue
etal. (1972) locate histone mRNA of Psammechinus
milaris in the bands of the region 39 E—40 A in salivary
gland chromosomes of Drosophila melanogaster. More-
over it is known that synthesis of histones and DNA
replication are synchronized throughout the cell cycle
(Elgin and Weintraub 1975) and that the proportion of
phosphorylated H1 histone initiates chromosome con-
densation (Matthews and Bradbury 1978); its special
interaction with DNA is not completely clear, but is
described as a cross-linking effect with DNA. Gurley
et al. (1978) analyse the histone fractions of interphase
nuclei of two mice species with different heterochroma-
tic contents. The rate of phosphorylated H1 is the same
in both interphase chromatin types, but the fraction of
phosphorylated H2a is larger in the heterochromatin-
rich DNA. The authors conclude that H1 is essential in
some molecular level of organization, but H2a is
involved in some way or other with interphase hetero-
chromatin structures. In Drosophila melanogaster,
Cohen & Gotchel (1971) find five identical histone
fractions both in nonpolytene and polytene DNA. The
relative quantities of histone fractions of different
chromatin types of Drosophila melanogaster, D. hydei,
and D. virifis are described by Holmgren (1980). The
quantity of H1 is larger in polytene than in embryonic
nuclei, but the phosphorylation rate is lower in the
latter. The same applies to histone H2a: the phos-
phorylated subfraction is small compared to that of
embryonic nuclei. Holmgren (1980) concludes that
these differences are caused by underreplication of
heterochromatin in polytene nuclei. However the
author, like Blumenfeld et al. (1978). compares histone
fractions of polytene interphase nuclei with histone
fractions of embryonic, mixed nucleus’ populations,
containing mostly mitotically active chromosome sets.

Polyploid Nuclei

Some results of polyploid nuclei have to be reported in
addition. In publications often no difference is made
between polyploid and polytene nuclei. Polyploid, as
opposed to polytene, chromosome sets contain the
duplicated number of individualized chromosomes,
which have failed to segregate in a previous anaphase.
Such nuclei are able to pass through further mitotic
cycles. In contrast, polytene chromosomes are special-
ized interphases chromosomes, which contain dupli-
cated numbers of chromatids and do not divide, except
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in special cases. In polyploid nuclei duplicates of
chromosomes cannot be distinguished by cytological
methods from their corresponding homologues in the
diploid nuclei. However. even when a nucleus is cyto-
logically polyploid. it is possible that only partial
replication has occurred and there is less than a poly-
ploid amount of DNA.

Based on cytophotometric DNA measurements of
interphase nuclei, Fox (1970) reports DNA quantities
indicating non-duplication in somatic polyploid tissues
of locusts. But the author does not know whether these
nuclei replicate at the moment of dissection or not. In
contrast to this, Gage (1974) demonstrates by bio-
chemical methods that in polyploid nuclei of the silk
gland in Bombyx mori during polyploidization all DNA
fractions are replicated to the same extent. This result is
verified by the extensive investigations of Perdrix-Gillot
(1979). A heterochromatic portion of female nuclei
grows significantly during larval development, in-
corporating as much *H-thymidine as expected for
complete doublings.

Biochemical investigations have been done with
polyploid DNA of different tissues of Drosophila virilis
(Endow and Gall 1975). The authors report different
proportions of SAT-fractions even within one tissue
(adult ovaries), which decrease with age. Phenol was
used during DNA isolation. Renkawitz-Pohl and Kunz
(1975) report a proportionally smaller quantity of SAT-
DNA fractions in polyploid ovarian tissue of D. virilis,
compared with diploid DNA in the buoyant density
pattern in a neutral CsCl-gradient. During the DNA
isolation procedure, the polyploid DNA is treated four
times with phenol, but the diploid DNA only three
times. Other experiments on polyploid DNA contain-
ing one or several nucleolus organizers (Spear 1977)
show that the proportion of rDNA is not correlated
with the number of nucleolus organizers. In tetraploid
thoracic muscle cells of D. hydei, the tIDNA is not
underreplicated, although the amount in diploid nuclei
is not reached. In two different diploid karyotypes the
level of TDNA is even dissimilar, showing gene com-
pensation in a diploid tissue (Grimm and Kunz 1980).

In Drosophila hydei, the number of repetitive 5S
RNA genes, located within an euchromatic segment, is
almost the same in diploid, polyploid, and polytene
nuclei. In the latter replication of these genes is slower
than in the diploid nuclei (Renkawitz-Pohl 1977, 1978).
The same has been found for repeated genes in
polyploid ovaries of Drosophila melanogaster (Renka-
witz-Pohl 1979).

As in the case of polytene DNA, a general differ-
ence between the solubility of eu- and heterochromatin
in polyploid DNA is possible. Only the repetitive
euchromatic genes exist in proportional numbers. How-
ever DNA quantities of heterochromatic sequences
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cannot be found to be proportionally related to
euchromatic sequences. Till further experimental evi-
dence is presented, it is suspected that the difference
between polyploid and diploid DNA is also caused by
different conditions concerning the solubility of the eu-
and heterochromatic fractions.

General Conclusions

The assumption of Heitz (1934) that a-heterochroma-
tin fails to grow, is confirmed by Lakhotia (1974)
demonstrating that a-heterochromatin within the
chromocenter of a polytene chromosome set does not
incorporate any *H-thymidine during larval polyteniza-
tion. Evidence exists that replication of rDNA of the
nucleolus organizer is controlled, dependent on the
number of nucleolus organizers in the genome, in
another way than the other satellite fractions. It is
suspected that the control in diploid nuclei is different
from the control in polytene chromosomes (Ritossa and
Spiegelmann 1965; Hennig and Meer 1971; Spear and
Gall 1973; Spear 1974; Zuchowski and Harford 1976).
However Lakhotia and Roy (1979) demonstrate by
autoradiographic experiments while TDNA replicates
slower compared to euchromatic DNA, it nevertheless
mainly replicates together with the latter.

There is no evidence for a general underreplication
of all heterochromatic parts of the chromosomes during
polytenization. For the case of Drosophila melanogaster
the cytophotometric measurements of the DNA content
in Feulgen stained, *H-thymidine non-incorporating
salivary gland nuclei contradict the hypothesis of
underreplication (Dennhofer 1981, in press). The data
of unlabeled polytene nuclei fall exclusively into the
ranges of the theoretically expected 4C doublings. The
number of such nuclei within a gland only depends on
the state of the replication process (Dennhofer, in
preparation). These results are found in different
karyotypes which are characterized by a deficient or an
additional Y-chromosome. The DNA of heterochroma-
tic chromosomes thus appears to replicate to the same
extent as DNA of euchromatic chromosomes during
polytenization.

The fact that the detection of SAT-DNA depends
on methodological details, is demonstrated by different
experiments in Chironomus th. thummi and Ch. th.
piger. Results of cytophotometric DNA determinations
are interpreted as a verification of the hypothesis of
underreplication during polytenization (Keyl 1965).
Schmidt etal. (1980) cannot detect SAT-fractions by
centrifugation in a gradient, but an AT-rich fraction is
exclusively obtained by differential melting of DNA.

It is surmised that the absence of satellite fractions
after centrifugation of polytene DNA from Drosophila

197

species is caused by methodological inadequancies,
similar to those resulting in cytophotometric under-
replication. In order to clarify this point it is necessary
to reinvestigate the biochemical centrifugation experi-
ments of polytene DNA with respect to the different
solubilities of eu- and heterochromatin. Further gradi-
ents other than CsCl should be used, and the method of
differential melting should be applied. Moreover atten-
tion should be paid to different proportions of hetero-
chromatin, i.e. a difference should be made between
polytene salivary gland nuclei from female and male
larvae of Drosophila. Last but not least the glands must
be dissected from larvae of a distinct developmental
stage in order to obtain comparable results, and the
state of the replication process has to be tested in each
gland by autoradiographic treatment.

Some authors (Rudkin 1969, 1972; Nagl 1976)
assume that the centromer respectively the chromocen-
ter of the polytene chromosome set does not replicate,
because it has no function in the non-dividing nuclei.
This assumption is not conclusive, because some publi-
cations demonstrate that during metamorphosis poly-
tene nuclei of some larval tissues undergo so-called so-
matic reduction steps until the diploid number of chromo-
somes per nucleus is restored (Berger 1938; Risler 1959,
1961). Due to the general consensus of cytological facts
in eukaryotic organisms it is unlikely that this somatic
reduction in polytene chromosomes is only a curiosity
in some mosquito species; therefore investigations on
the cytological processes during metamorphosis are
necessary.

Acknowledgement

This work has been supported by the Deutsche Forschungs-
gemeinschaft.

Literature

Berger, C.A. (1938): Multiplication and reduction of somatic
chromosome groups as a regular developmental process in
the mosquito, Culex pipiens. Contributions to Embryology,
Publ. Carnegie Inst. Nr. 167

Blumenfeld, M.; Forrest, H.S. (1971): Is Drosophila dAT on
the Y-chromosome? Proc. Natl. Acad. Sci. USA 68,
3145-3149

Blumenfeld, M.; Forrest, H.S. (1972): Differential under-
replication of satellite DNAs during Drosophifa deveiop-
ment. Nat. New Biol. 239, 170-172

Blumenfeld, M.; Orf, J.W.; Sina, B.J.; Kreber, R.A.; Callahan,
M.A.; Mullins, J.I.; Snyder, L.A. (1978): Correlation be-
tween phosphorylated HI histones and satellite DNAs in
Drosophila virilis. Proc. Natl. Acad. Sci. USA 75, 866-870

Botchan, M.; Kram, R.; Schmid, C.W.; Hearst J.E. (1971):
Isolation and chromosomal localization of highly repeated
DNA sequences in Drosophila melanogaster. Proc. Natl.
Acad. Sci. USA 68, 1125-1129



198

Brutlag, D.; Appels, R.; Dennis. E.S.; Peacock, W.J. (1977 a):
Highly repeated DNA in Drosophila melanogaster. J. Mol.
Biol. 112, 31-47

Brutlag, D.: Carlson, M.; Fry. K.; Hsieh, T.S. (1977b): DNA
sequence organization in Drosophila heterochromatin.
Cold Spring Harbor Symp. Quant. Biol. 42, 1137-1146

Cohen, L.H.; Gotchel, B.V. (1971): Histones of polytene and
nonpolytene nuclei of Drosophila melanogaster. J. Biol.
Chem. 246, 18411848

Cohen, E.H.; Bowman, S.C. (1979): Detection and location of
three simple sequence DNAs in polytene chromosomes
from virilis group species of Drosophila. Chromosoma 73,
327-355

Cordeiro, M.; Wheeler, L.; Lee, C.S.; Kastritis, C.D.; Richard-
son, R.H. (1975): Heterochromatic chromosomes and
satellite DNAs in Drosophila nasutoides. Chromosoma 51,
65-73

Dennhofer, L. (1981): Complete replication of DNA in poly-
tene nuclei of salivary glands of Drosophila melanogaster.
Wilh, Roux’s Arch. Dev. Biol. 190, 237-240

Dennhdfer, L. (1982a): Cytophotometric DNA determinations
and replication pattern in salivary gland nuclei from larvae
with different karyotypes in Drosophila melanogaster.
Chromosoma (In press)

Dennhéfer, L. (1982b): Growth of polytene salivary gland
nuclei from larvae with different karyotypes in Drosophila
melanogaster. Wilh. Roux’s Arch. Dev. Biol. (Submitted)

Dickson, E.; Boyd, J.B.; Laird Ch.D. (1971): Sequence diver-
sity of polytene chromosome DNA from Drosophila hydei.
J. Mol. Biol. 61, 615-627

Elgin, S.C.R.; Weintraub, H. (1975): Chromosomal proteins
and chromatin structure. Ann. Rev. Biochem. 44, 725-774

Endow, S.A.; Gall, J.G. (1975): Differential replication of
satellite DNA in polyploid tissues of Drosophila virilis.
Chromosoma 50, 175-192

Endow, S.A.; Polan, M.L.; Gall, J.G. (1975): Satelite DNA
sequences of Drosophila melanogaster. J. Mol. Biol. 96,
665-692

Endow, S.A.; Glover, D.M. (1979): Differential replication of
ribosomal gene repeats in polytene nuclei of Drosophila.
Cell 17, 597-605

Entingh, T.D. (1970): DNA hybridization in the genus
Drosophila. Genetics 66, 55-68

Fox, D.P. (1970): A non-doubling DNA series in somatic
tissues of the locusts Schistocerca gregaria (Foskal) and
Locusta migratoria (Linn.). Chromosoma 29, 446461

Gage, L.P. (1974): Polyploidization of the silk gland of
Bombyx mori. 1. Mol. Biol. 86, 97-108

Gall, J.G.; Cohen, E.H.; Polan, M.L. (1971): Repetitive DNA
sequences in Drosophila. Chromosoma 33, 319-344

Grimm, Ch.; Kunz W. (1980): Disproportionate rDNA
replication does occur in diploid tissue of Drosophila hydei.
Mol. Gen. Genet. 180, 23-26

Gurley, LR.; Walters. R.A.; Barham, S.S.; Deaven, L.L.
(1978): Heterochromatin and histone phosphorylation.
Expl. Cell Res. 111, 373-383

Heitz, E. (1934): Uber a- und B-Heterochromatin sowie
Konstanz und Bau der Chromosomen bei Drosophila. Biol.
Zentralbl. 54, 588-609

Helmsing, P.J.; van Eupen, O. (1973): Chromatin of Droso-
phila: isolation and characterization of chromatin of two
larval cell types. Biochim. Biophys. Acta 308, 154~-160

Hennig, W. {(1972): Highly repetitive DNA sequence in the
genome of Drosophila hydei. 2: Occurrence in polytene
tissues. J. Mol. Biol. 71, 419-431

Theor. Appl. Genet. 63 (1982)

Hennig, W.; Meer, B. (1971): Reduced polyteny of rRNA
cistrons in giant chromosomes of Drosophila hydei. Nature
(London), New Biol. 233, 70-72

Holmgren, P. (1980): Variation in histone characteristics
among different Drosophila chromatin types. Acta Biol.
Yugoslovice, Genetika, Suppl. I1, 31

Keyl, H.-G. (1965): Duplikationen von Untereinheiten der
chromosomalen DNS wihrend der Evolution von Chiro-
nomus thummi. Chromosoma 17, 139-180

Kram, R.; Botchan, M.; Hearst, J.E. (1972): Arrangement of
highly reiterated DNA sequences in the centric heterochro-
matin of Drosophila melanogaster. Evidence for interspered
spacer DNA. J. Mol. Biol. 64, 103-117

Laird, C.D.; McCarthy, B.J. (1968a): Nucleotide sequence
homology within the genome of Drosophila melanogaster.
Genetics 60, 323-334

Laird, C.D. and McCarthy, B.J. (1968a): Magnitude of
interspecific nucleotide sequence variability in Drosophila.
Genetics 60, 303-322

Laird, C.D. (1969): Molecular characterization of the Droso-
phila genome. Genetics 63, 865-832

Lakhotia, S.C. (1974): EM autoradiographic studies on poly-
tene nuclei of Drosophila melanogaster 3: Localization of
non-replicating chromatin in the chromocentre hetero-
chromatin. Chromosoma 46, 145-159

Lakhotia, S.C.; Roy, S. (1979): Replication in Drosophila
chromosomes. 1: Replication of intranucleolar DNA in
polytene cells of Drosophila nasuta. J. Cell Sci. 36, 185-197

Lee, C.S.; Thomas Jr., C.A. (1973): Formation of rings from
Drosophila DNA fragments. J. Mol. Biol. 77, 25-55

Mathews, H.R.; Bradbury, EMM. (1978): The role of Hi
histone phosphorylation in the cell cycle. Expl. Cell Res.
111, 343-351

Nagl, W. (1976): DNA endoreduplication and polyteny under-
stood as evolutionary strategies. Nature 261, 614615

Pardue, M.L.; Weinberg, E.; Kedes, L.H.; Birnstiel, M.L.
(1972): Localization of sequences coding for histone mes-
senger RNA in the chromosomes of Drosophila melano-
gaster. J. Cell Biol. 55, 199

Peacock, W.J.; Brudag, D.; Goldring, E.; Appels, R.; Hinton,
C.W.; Lindsley, D.L. (1973): The organization of highly
repeated DNA sequences in Drosophila melanogaster
chromosomes. Cold Spring Harbor Symp. Quant. Biol. 38,
405-416

Peacock, W.J.; Lohe, A.R.; Gerlach, W.L.; Dunsmuir, P;
Dennis, E.S.; Apples, P. (1978): Fine structure and evolu-
tion of DNA in heterochromatin. Cold Spring Harbor
Symp. Quant. Biol. 42, 1121-1135

Perdrix-Gillot, S. (1979): DNA synthesis and endomitoses in
the giant nuclei of the silkgland of Bombyx mori. Bio-
chimie 61, 171-204

Perreault, W.J.; Kaufmann, B.W.; Gay, H. (1968): Similarity
in base composition of heterochromatic and euchromatic
DNA in Drosophila melanogaster. Genetics 60, 289301

Perreault, W.J.; Kaufmann, B.W.; Gay, H. (1973): Repeated
DNA sequences in the heterochromatic Y chromosome of
adult Drosophila melanogaster. Proc. Natl. Acad. Sci. USA
70, 773-777

Rasch, E.M. (1970): DNA photocytometry of salivary gland
nuclei and other tissue systems in dipteran larvae. Wied &
Bahr: Introduction to quantitative cytochemistry. 2,
357-397

Renkawitz-Pohl, R. (1977): No underreplication of the repeti-

tive euchromatic 55 RNA genes during endomitosis in
Drosophila hydei. J. Cell Biol. 75, 123



L.Dennhofer: Underreplication During Polytenization?

Renkawitz-Pohl, R. (1978): Number of the repetitive eu-
chromatic 58 RNA genes in polyploid tissues of Drosophila
hydei. Chromosoma 66, 249258

Renkawitz-Pohl, R. (1979): Proportional polyploidization of
58 RNA genes in the ovary of Drosophila melanogaster
containing three 55 RNA gene loci. Chromosoma 70,
305-312

Renkawitz-Pohl, R.; Kunz, W. (1975): Underreplication of
satellite DNAs in polyploid ovarian tissue of Drosophila
virilis. Chromosoma 49, 375382

Risler, H. (1959): Polyploide und somatische Reduktion in der
Larvenepidermis von Aedes aegypti (Culicidae). Chromo-
soma 10, 184-209

Risler, H. (1961): Untersuchungen zur somatischen Reduktion
in der Metamorphose des Stechmiickendarms. Biol. Zen-
tralbl. 80, 413-428

Ritossa, F.M.; Spiegelmann, S. (1965): Localization of DNA
complementary to rRNA in the nucleus organizer region of
Drosophila melanogaster. Proc. Natl. Acad. Sci. USA 53,
737-745

Rodman, T.C. (1967): DNA replication in salivary gland
nuclei of Drosophila melanogaster at successive larval and
prepupal stages. Genetics 55, 375-386

Rudkin, G.T. (1964): The structure and function of hetero-
chromatin. Proc. 11% Intern. Congr. Genetics 2, 359374

Rudkin, G.T. (1965): Non replicating DNA in giant chromo-
somes. Genetics 52, 470

Rudkin, G.T. (1969): Non replicating DNA in Drosophila.
Genetics 61, Suppl. 1,227-228

Rudkin, G.T. (1972): Replication in polytene chromosomes.
In: Developmental studies on giant chromosomes. (ed.
Beermann, W.), pp. 59-85. Berlin, Heidelberg, New York:
Springer

Rudkin, G.T.; Schulz J. (1961): Disproportional synthesis of
DNA in polytene chromosome regions in Drosophila
melanogaster. Genetics 46, 893—894

Schachat, F.H.; Hogness D.S. (1973): Repetitive sequernces in
isolated Thomas circles from Drosophila melanogaster.
Cold Spring Harbor Symp. Quant. Biol. 38, 371-381

Schmidt, ER. (1980): Two AT-rich satellite DNAs in the
Chironomid Glyprotendipes barbipes (Staeger). Isolation
and localization in polytene chromosomes of G. barbipes
and Chironomus thummi. Chromosoma 79, 315-328

199

Schmidt, E.R.; Vistorin, G.; Keyl, G.-H. (1980): An AT-rich
DNA component in the genomes of Chironomus thummi
and Chironomus piger. Chromosoma 76, 35-45

Skinner, D.M.; Triplett, L.L. (1967): The selective loss of
DNA satellites on deproteinization with phenol. Biochem.
Biophys. Res. Commun. 28, 892—897

Spear, B.B. (1974): The genes for ribosomal RNA in diploid
polytene chromosomes of Drosophila melanogaster.
Chromosoma 48, 159-179

Spear, B.B. (1977): Differential replication of DNA sequences
in Drosophila chromosomes. Am. Zool. 17, 695-706

Spear, BB.; Gall, J.G. (1973): Independent control of ribo-
somal gene replication in polytene chromosomes of
Drosophila melanogaster. Proc. Natl. Acad. Sci. USA 70,
1359-1363

Steinemann, M. (1978): Co-replication of satellite DNA of
Chironomus melanotus with mainband DNA during poly-
tenization. Chromosoma 66, 127—139

Swift, H.; Rasch, EXM. (1954): Nucleoproteins in Drosophila
polytene chromosomes. I. Histochem. Cytochem. 2,
456457

Walter, L. (1973): Syntheseprozesse an den Riesenchromoso-
men von Glyptotendipes. Chromosoma 41, 327-360

Wollenzien, P.; Barsanti, P.; Hearst, J.E. (1977): Location and
underreplication of satellite DNA in Drosophila melano-
gaster. Genetics 87, 51-65

Woodcock, D.M.; Sibatani, A. (1975): Differential variations
in the DNA of Drosophila melanogaster during develop-
ment. Chromosoma 50, 147-173

Yumis, J.J.; Yasmineh, W.G. (1971): Heterochromatin, satel-
lite DNA, and cell function. Science 174, 12001209

Zuchowski, Ch.I.; Harford, A.G. (1976): Unintegrated ribo-
somal genes in diploid and polytene tissues of Drosophila
melanogaster. Chromosoma 58, 235-246

Received May 3, 1982
Accepted July 17, 1982
Communicated by H. F. Linskens

Dr. L. Dennhofer

Institut fiir Entwicklungsphysiologie

Universitdt Koln

GyrhofstraBe 17

D-5000 Koln 41 Lindenthal (Federal Republic of Germany)



