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ABSTRACT

A tentative evolutionary pattern has been found for two classes of the
multiple satellite DNA’s found in the genus Drosophila. The satellite DNA’s
from five Drosophila species (D. melanogaster, D. simulans, D. nasuta, D.
virilis and D. hydei) were analyzed and found to fall into three arbitrary CsCl
buoyant density classes: Class I, p = 1.661-1.669 g cm-3, DNA molecules
composed of primarily dA and dT moieties; Class II, p = 1.685 and p = 1.692,
DNA molecules of low GC content; and Class III, p = 1.711, a DNA of high
GC composition. The dAT satellite DNA’s appear in all the species studied
except D. hydei, the species of most recent evolutionary divergence, whereas
the heavy satellite appears only in the two species of most recent divergence,
D. virilis and D. hydei.

THE DNA in D. melanogaster can be fractionated into three classes of mole-

cules by buoyant density equilibrium centrifugation in CsCl (TravAGLINT,
Perrovic and ScruLtz 1972): a main band DNA, M-DNA, p = 1.699 g cm™,
and two satellite DNA’s, Class I DNA, p = 1.669 g cm which has been shown to
be composed primarily of deoxyadenylate, dA, and thymidylate, dT, residues
(FANSLER et al. 1970), and Class IT DNA, p = 1.685 g cm™® which contains all
four deoxyribonucleotides but has a lower density than M-DNA. Since the phy-
logeny of the genus Drosophila has been established in considerable detail
(THROCKMORTON 1962; STURTEVANT 1942), we felt that it would be of interest
to study the evolutionary pattern of these satellites.

Using the phylogeny of Drosophila as depicted by THROCKMORTON, We chose
five species from the genus to study. Their phylogenic relationship is depicted in
Figure 1. D. melanogaster and its sibling, D. simulans, belong to the sub-genus
Sophophora which branched from the main phylogenetic stem at an earlier time
in evolution than the sub-genus Drosophila in which the other three species we
studied arose. One of these species is D. nasuta which belongs to the immigrans
group, closest in time to the sub-genus Sophophora but deriving directly from the
main stem of the sub-genus Drosophila. Another is D. virilis which belongs to the
virilis group and also derives from the main stem of the sub-genus but at a later
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Freure 1.—A simplified version of the phylogeny of Drosophila as depicted by TuRrRocK-
MorTOoN (1962) showing the relationships of the genera to the various phyletic lines within the
genus.

time than immigrans. The most recently evolved species in this study is D. hyde:
which belongs to the virilis-repleta section of the sub-genus.

When fractionated in a CsCl equilibrium gradient, the DNA from each of these
species of Drosophila appears to consist of a heterogeneous main band DNA, M-
DNA, and one or more satellite DNA’s. The buoyant density of the M-DNA is
the same for all of the species studied, p = 1.699 g cm=2. The densities of the
satellite DNA’s vary with the species; because of the multiplicity of these satel-
lites, we have arbitrarily placed them into three classes: DNA I, a class of DNA’s
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whose low densities indicate that they consist mainly of dA and dT (WEeLLs and
Braig 1967) ; DNA II, molecules which contain dG and dC but have the same or
lower densities than M-DNA; and DNA III, a class of molecules with a higher
dG,dC content, as reflected by their buoyant density, than M-DNA. DNA III is
only present in the two species of most recent divergence, D. hydei and D. virilis.

MATERIALS AND METHODS

Biological material: The flies were bred and embryos collected as described for D. melanogaster
in the preceding paper of this series (TravacLiNt, PerROVIC and Scuurrz 1972) with the follow-
ing changes: for collections of D. nasuia eggs, the molasses agar trays were coated with a heavy
layer of yeast to facilitate egg collections. Fewer flies were mated when D. virilis and D. hydei
were bred; six females and eight males were used per bottle. Their offspring took three weeks to
hatch at 25°C; during the second and third weeks, the stock bottles had to be supplemented with
fresh yeast (approximately 1 g/bottle/week).

DNA analyses: The extraction and analyses of the DNA from each species were the same as
that described for D. melanogaster in the preceding paper (TravacLINi, PETROVIC and ScauLTz
1972).

RESULTS

When the DNA from the 18-hr embryos of the various species is centrifuged to
equilibrium in neutral CsCl, results such as those shown in Figure 2 are obtained;
the density gradient profiles of the DNA’s are surprisingly different from each
other, although M-DNA has the same buoyant density for all the species studied.

D. simulans, the sibling species of D. melanogaster, has a poly dAT of the same
density as that of D. melanogaster; however, it does not contain the satellite DNA,
p = 1.685 g cm3, which is found in D. melanogaster. Yet D. simulans does contain
a satellite DNA of approximately the same density in CsCl as the more hetero-
geneous M-DNA. Such a cryptic satellite can be detected in the presence of
M-DNA by denaturing the DNA at 100°C for 10’, rapidly cooling it to 0°C and
determining its density in CsCl. The strands of a denatured DNA such as satellite
DNA will reassociate more completely than those of a heterogeneous DNA and
thus the satellite DNA will have a different density in CsCl than the M-DNA.
When D. simulans DNA is treated in this manner, a satellite DNA, p = 1.692 g
cm=, is made apparent on a CsCl gradient (Figure 3).

The density gradient profile completely at variance with all the species studied
is that of D. nasuta; this species is closest to D. melanogaster in terms of evolu-
tionary time although it belongs to a different sub-genus. There appear to be two
types of poly dAT molecules, one of the same density as the low density satellite
in D. melanogaster, and another whose density is 1.661 g cm™. Melting and rean-
nealing the main band DNA present in D. nasuta does not disclose the presence of
another satellite DNA.

D. virilis has four kinds of DNA; two have the same densities as those of D.
melanogaster. However, the poly dAT has a slightly lower density (1.664 g cm™)
than the D. melanogaster dAT, which is 1.669 g cm™, and there is also a DNA
present whose density (1.711 g cm™) is indicative of a high dG, dC content. D.
hydel also has this heavy dG,dC satellite but unlike the other species, it has no
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Ficure 2.—Density gradient profiles of the DNA in five species of Drosophila. Approximately
20 ugs of DNA from the 18-hr embryos of each species of Drosophila DNA and 3 ug of a refer-
ence DNA (P. fluorens DNA p = 1.721 g cm~3) were dissolved in 0.7 ml of CsCl p =1.700 g
cm-2 and centrifuged to equilibrium for 20 hr at 44,770 rpm in a Spinco Model E analytical
centrifuge. The gradient was scanned on a recording densitometer and the buoyant densities of
the DNA'’s calculated as described by Vinoerap and Hearst (1962). The Roman numerals refer
to the density classes of DNA. See text.

detectable poly dAT. Melting and reannealing its main band DNA reveals a
satellite DNA whose density (1.691 g cm™) is similar to that of D. sirmulans
(Figure 3).

The occurrence of a high dG,dC satellite in D. virilis and D. hydei made us
question the possibility that it might have been a nucleic acid other than DNA,
i.e., an RNA-DNA hybrid; however, MAK column chromatography of the DNA
from D. virilis (Figure 4) shows that this heavy DNA behaves characteristically
like a high dG,dC DNA insofar as it comes off the column at a low salt concen-
tration (Sueoxa and CHENG 1962).

Table 1 shows how these DNA’s are distributed in terms of the percentage of
total DNA present in the 18-hr embryo of each species. It is apparent that the
satellite DNA’s in these Drosophila species fall into three arbitrary classes: DNA
1, a type of DNA which is composed of over 959 adenine and thymine residues;
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Freure 3.—Density gradient profiles of the DNA in two species of Drosophila DNA before
and after thermal denaturation and reannealing. The density gradient profiles were obtained as
described in Figure 2. Figure A for each species is the profile for the native DNAs. Figure B is
the profile for the DNAs which have been heated at 100°C for 10 min in 1 X SSC (0.15 m NaCl,
0.015 M Na, citrate) and then quickly immersed in an ice bath prior to the addition of CsCl. The
Roman numerals refer to the DNA density classes.

DNA II, a DNA with a low moiety of guanine, G, and cytosine, C, bases, which
can be either of two densities, 1.685 g cm= or 1.692 g cm; and DNA III, a DNA
of high density which is indicative of a high GC base composition. In Table 1,
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Ficure 4.—Fractionation of the DNA from Drosophila virilis. Above: a MAK column
chromatogram of the DNA from 18-hr embryos of D. virilis. 250 ugs of DNA. were applied to a
MAK column and eluted step-wise by increasing NaCl concentrations. Below: CsCl density
equilibrium patterns for the nucleic acids obtained from the eluates at each salt concentration.
The density profiles were obtained and the DNAs denoted as described in Figure 2.

where the species are listed from the most primitive to the most recent, it can be
seen that poly dAT is present in all but the most recently evolved species to be
studied, D. hydei. On the other hand, DNA III, rich in GC, is only present in the
two species of most recent divergence.
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DISCUSSION

The 18-hr embryos which we have chosen as our source of DNA for these
studies do not represent the same stage of embryogenesis for all the species
analyzed. D. hydei and D. virilis develop at approximately two-thirds the rate
of the other three species. However, our results with D. melanogaster show that
the ratios of the various DNA’s to each other are relatively constant from fertili-
zation to the pre-larval embryo (TravacLini, PETROVIC and ScuuLtz 1972), so
we felt reasonably confident that, although the actual amounts of a particular
DNA would change as development proceeded, the relative amounts would not.

The M-DNA has been extracted from purified nuclear pellets and salivary
gland nuclei from various species of Drosophila by several investigators (Trava-
GLINT, PETROVIC and Scrurtz 1968; LAirp and McCartHY 1968, 1969; HENNIG,
Hennic and SteiN 1970; Garr, Conen and Poran 1971; Dickson, Boyp and
Larrp 1971) and considered to be of chromosomal origin. It will not be discussed
in detail here. Three types of Class I DNA, which is primarily of dA and dT, can
be distinguished by density gradient centrifugation. The three most primitive
species studied have a dAT similar to the D. melanogaster dAT, which consists of
839% d(A'T), 15% (dA-dT) and 2% (dG'dC) (FansrEr et al. 1970). Besides this
dAT, D. nasuta has another type dAT whose density is 1.661 g cm™, a density
which by analogy might indicate that approximately half of the molecule consists
of (dA-dT) sequences. The poly dAT found in D. virilis has an intermediate
density which would likewise indicate that it has more apposed sequences than
are present in D. melanogaster dAT. In three of these species, DNA I is approxi-
mately 49, of the total DNA in the embryo; in D. nasuta this class of molecules
makes up 30% of the total DNA and in D. hydei there is no detectable dAT.

Since only two bases are involved in this class of molecules, the buoyant density
in CsCl could reflect differences in the base sequences. WeLLs and Brair (1967)
have shown that the densities of the synthetic polymers poly d(A'T) and poly
(dA-dT) are very different; the alternating dAT has a density of 1.672 g cm™,
whereas the apposed dAT has one of 1.638 g cm™. The results of FANSLER et al.
(1970) show that the CsCl density of D. melanogaster dAT, p 1.669 gcm™, a
natural dAT polymer, reflects its base sequence as determined by nearest neigh-
bor analysis. In Drosophila these dAT molecules are composed of both alternat-
ing and apposed sequences; it would be possible for them to furnish messages
which would code for proteins containing six possible amino acids: UAU, tyro-
sine; UUA, leucine; AUU, or AUA, isoleucine; AAU, asparagine; UUU, phenyl-
alanine; and AAA, lysine. Insects incorporate poly-aromatic amino acids into
their structure (BrRuner 1965), particularly in the structural proteins of their
cuticle and hinge joints. It may be that the poly dAT’s are actively involved in
the formation of poly-aromatic amino acids such as poly-tyrosine or poly-phenyl-
alanine which contribute to the formation of the Drosophila’s cutaneous skeleton.

The Class II DNA'’s, although they appear to fall into distinct density types,
do not seem to follow any evolutionary trend in terms of species divergence. They
all appear to be localized in the cytoplasm and will be discussed in greater detail
in a subsequent paper of this series.
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The high GC DNA, DNA III, which is found in D. virilis and D. hydei,
appears to be of nuclear origin. We have made no attempt to localize it in the cell.
Hennig, HENNiG and SteiN (1970) have shown that this class of DNA from
D. neohydei is localized at the kinetochore and at various sites throughout the
genome of D. neohydei. They have done similar hybridization experiments for
D. pseudoneohydei and found hybridization only at the kinetochore. It is inter-
esting to note that this class of DNA is found in our study only in the two species
of most recent occurrence in the genus Drosophila.

The suggestions and discussion of Drs. T. F. ANperson, J. GEarmarr, L. Loes and R. Perry
have proven invaluable during the preparation of this manuscript.
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