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ABSTRACT

Several restriction endonuclease fragments isolated from highly repeti-
tive satellite DNA of the chromatin eliminating nematode Ascaris lumbricoides
var. suum have been cloned. Each type of restriction fragment corresponds to
a different variant of the same related ancestral sequence. These variants
differ by small deletions, insertions and single base substitutions. Restric-
tion and DBM blot analyses show that members of the same variant class are
tandemly linked and therefore are physically separated from other variant
classes. A comparison of all the determined sequences establishes a 121 bp
long and AT rich consensus sequence. There is evidence for an internal short
range periodicity of 11 bp length, indicating that the Ascaris satellite ini-
tially may have evolved from an ancestral undecamer sequence. The satellite
DNA sequences are mostly but not entirely eliminated from the presumptive so-
matic cells during chromatin diminution. We have no evidence for transcrip-
tional activity of satellite DNA at any stage or tissue analyzed.

INTRODUCTION

During early cleavage divisions of a variety of organisms a process called
chromatin diminution can be observed: portions of chromatin are eliminated
from the presumptive somatic cells thus leading to somatic cells which contain
less genetic material than germ line cells (see 1-3, for review). The pheno-
menon, which was first described by Theodor Boveri (4) for Parascaris equorum,

has since been found to occur in phylogenetically widespread species of nema-
todes, insects, crustaceans and hypotrichous ciliates (1-3). In Ascaris lum-
bricoides var. suum (= Ascaris suum), about a fourth of the total amount of

DNA is expelled from the presumptive somatic nuclei (5,6).

In order to understand the significance of the elimination process at the
molecular level, it is necessary to know the genetic informational content of
the eliminated DNA. Earlier work has already shown that the eliminated DNA is
enriched for repetitious DNA sequences (5-9). Recently it has been demon-
strated by our group (10) and independently by Moritz and his collaborators
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(11) that the eliminated material contains highly repetitive satellite sequen-
ces. This satellite is composed of 120 bp repeating units, existing in diffe-
rent sequence variations, as demonstrated by restriction enzyme analysis (9-
11). In the present work we have isolated, cloned and sequenced different mo-
nomer fractions in order to answer questions concerning the extent of se-
quence heterogeneity in this satellite, its organization within the germ line
genome and whether or not it is transcribed in different tissues., Furthermore,
we discuss quantitative aspects about the elimination of the satellite DNA
sequences from presumptive somatic cells.

MATERIALS AND METHODS
Preparation of Ascaris DNA

Adult Ascaris lumbricoides worms were collected from infected pigs in the

slaughterhouse (Micarna Ltd. Courtepin, Switzerland). Intestines from females
were dissected in 10 mM Tris (HC1), pH 7.6, 0.14 M NaCl, 10 mM EDTA. Sperma-
tids were fsolated by following the method of Tobler et al. (5), oocytes were
collected as described by Kuhn and Tobler (12). A1l these cells can be stored
for months at -20° C.

Total high molecular weight DNA from spermatids and intestines was iso-
lated according to the method of Gross-Bellard et al. (13). For DNA extrac-
tion, oocytes were suspended in 10 mM Tris (HC1), pH 8.0, 10 mM EDTA, 10 mM
NaCl, 0.5% SDS, 100 ug/ml proteinase K (Bohringer) and homogenized in a Ten-
broeck homogenizer. After incubation at 37° ¢ for about 16h, the homogenate
was extracted twice with phenol/chloroform (1:1; saturated with 0.3 M NaAc,
pH 7.6). The aqueous phase was brought to 0.3 M NaAc, pH 7.6 and precipitated
with ethanol. The DNA pellet was redissolved in 10 mM Tris (HC1), pH 7.6, 10
mM EDTA, 50 ug/ml of pancreatic RNase (Sigma, DNase free), and incubated for
2h at room temperature. The reaction was stopped by addition of SDS to a
final concentration of 0.5% and 100 ug/m! proteinase K. After another phenol
extraction followed by an ethanol precipitation, the DNA was further purified
as described in Bellamy and Ralph (14).

Restriction Enzyme Digestion, Gel Electrophoresis and Southern Hybridization

Restriction enzymes have been used according to the manufacturer's in-
struction (New England Biolabs). The reactions were stopped by addition of V4
volume of dye mixture (10 mM Tris (HC1), pH 7.6, 10% glycerol, 20 mM EDTA,
0.3% bromphenol blue, 1.5% Ficoll 400). Samples were loaded on 1.5-2% agarose
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slab gels and electrophoresed in 15 g glycine and 15 m1 1 N NaOH per liter.
Gels were stained with 1 ug/ml ethidium bromide for 15 minutes and the DNA
bands were photographed on I1ford HP5 under 254 nm ultraviolet light.
Transfer of DNA to DBM paper (Schleicher and Schuell, ABM-Form) was per-
formed by the standard technique (15) modified by Wahl et al. (16). Transfer
buffer was 0.2 M sodium acetate, pH 4.0. Hybridization of the blots was done
in 10x Denhardt solution (17), 2xSSC, 1 mM EDTA, 0.1% sodium pyrophosphate,
1 mg/ml hering sperm DNA. The DBM paper was autoradiographed as described
(18).
Preparation of the satellite DNA hybridization probe

Satellite DNA for use as a hybridization probe was obtained by digestion
of total Ascaris spermatid DNA with Mbo I. The digestion products were sepa-
rated on 2% low melting agarose (Sigma A-4018) tube gels (18 cm lTong x 2.7 cm
diameter). The 120 bp satellite monomer was localized by staining with ethi-
dium bromide and the corresponding part of the gel was cut out. Isolation of
the DNA from the gel was performed following the modified method of Wies-
lander (19). After addition of V10 of the volume of 100 mM Tris (HC1), pH 7.8,
5 M NaC1l, 10 mM EDTA, the gel slices were melted at 68° C for 10 minutes
followed by an incubation at 37° C for another 10 minutes. The DNA was then
extracted twice with phenol saturated with 0.3 M NaCl and 0.1% hydroxyquino-
line, pH 7.6. After another extraction with chloroform/isoamyl alcohol (24:1),
the DNA was recovered by ethanol precipitation. The isolated satellite Mbo I
325 anTP (3000
C/m mole, Amersham) and polymerase I (New England Biolabs) as described (20).

monomers were radioactively labelled at the 3' ends with a -

For further purification the hybridization probe was denatured and renatured
to Cot 0.1 and passed through a HAP column. Double stranded DNA was eluted,
desalted over Sephadex G 75, ethanol precipitated and resuspended in TE buffer
(10 mM Tris, pH 7.6, 1 mM EDTA).

Isolation and cloning of satellite restriction fragments

Total germ 1ine DNA from spermatids was completely digested with different
restriction enzymes and the products separated on low melting agarose gels.
Satellite containing DNA fragments were recovered from the gels as described
above. The Bam HI and Taq I fragments were ligated directly into the Bam HI
site or the Cla I site, respectively of the pBR 322 vector. Each sample con-
taining 250 ug of satellite monomers was mixed with 300 ug of CIP treated

plasmid in a ligase buffer (50 mM Tris (HC1), pH 7.6, 10 mM MgC\z. 50 ug/ul
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BSA, 10 mM DTT, 140 uM ATP). The reaction was carried out with 0.5 Weiss
units of T4 ligase (Bohringer, Mannheim) at 15° ¢ over night. The mixture was
used to transform E. coli HB 101 bacteria, and recombinants were screened by
the filter hybridization method of Grunstein and Hogness (21). The Hinf I
fragments were reacted first with Klenov polymerase in order to convert the 5'
overhangs to flush ends. The reaction was carried out over night at 16° C in
50 mM Tris (HC1), pH 7.6, 10 mM MgClz. 10 mM DTT, 200 u M dNTP's and 2 units
of DNA polymerase 1 (large fragment).

In order to clone blunt ended restriction fragments, they were joined si-
multaneously to Hind III and Eco RI-linkers (Collaborative Research; labelled
with T4 polynucleotide kinase / Biolabs and V—32P-ATP / Amersham) in about
30 times excess of linker to DNA ends. The reaction was done over night at 16°
C in 50 mM Tris (HC1), pH 7.6, 10 mM MgC]z. 10 mM DTT, 1 mM ATP with 3 units
of T4 ligase (B&hringer) and stopped at 65° C for 10 minutes. The DNA was
then digested with 30 u of Hind III and Eco RI (Biolabs) for 60 minutes. Ex-
cess linkers were removed on a Sephadex G 75 colum. An aliquot of the DNA
was analyzed on a polyacrylamide gel. Radioactive fragments of the expected
length were observed. Another aliquot of the DNA was ligated between the
Hind III and Eco RI sites of pBR 322. Such recombinant clones are easy to se-
quence either from the Hind II1 or from the Eco RI site, respectively.

DNA sequencing analysis

Restriction fragments to be sequenced were labelled either at their 5'
ends by V—32P-ATP (3000 Ci/m mole) and T4 polynucleotide kinase (Biolabs) as
described in Clarkson et al. (22) or at the 3' ends with Q- 2P-dNTP (3000
Ci/m mole) and DNA polymerase I (Biolabs) (20). They were then redigested, se-
parated on low melting agarose gels and extracted as described above. Chemical
sequencing was performed according to Maxam and Gilbert (23).

Saturation hybridization

Total DNA from spermatids, oocytes and intestines, as well as A-DNA was
sheared by ultrasonication to about 3 kb length (Landolt et al. in prep.). The
DNA was then denatured and loaded on Millipore HAWG filters (13 mm diameter)
by following the procedure of Gillespie and Spiegelman (24). Each filter was
charged with 30 ng of Ascaris DNA from spermatids, oocytes or intestines,
complemented with 500 ng "A-DNA as carrier. Control filters were loaded with
500 ng A-DNA. Hybridization to the radioactively labelled DNA probes at dif-
ferent concentrations was done as described for Southern hybridization. The
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radioactivity of the filters was determined in Instagel in a Packard Tri-Carb
liquid scintillation counter.
Isolation of total nuclear RNA and hybridization to satellite DNA

Nuclei from larvae, intestines, spermatids, oocytes and oogonies have

been isolated following the citric acid procedure described by Busch (25). To-
tal RNA from these nuclei was extracted according to Roop (26). Upon glyoxy-
lation (27), the RNA probes were subjected to electrophoresis through a 1.5%
agarose gel in 10 mM sodium phosphate buffer at pH 6.8 (100 V, 6V4h). The se-
parated RNA fragments were transferred from the agarose gel to DBM paper (15).
After prehybridization for 24h in the buffer described (15), complemented
with 25 mM sodium phosphate (pH 6.5) and 0.2% SDS, hybridization was carried
out with 10% dextran sulfate (16) for 15h at 40° C. Cloned Bam HI and Taq I
monomers were used as hybridization probes after end-labelling with DNA poly-
merase [ as described above.

Following hybridization, the DBM paper was washed 3 times for 10 min in
2xSSC and 0.1% SDS at room temperature and 2 times for 20 min in 0.1xSSC and
0.1% SDS at 42° C. The DBM paper was then exposed using an intensifying
screen (18).

RESULTS
Structure and Organization of the Satellite DNA

Satellite monomers and multimers were isolated from total digests of As-
caris germ 1ine DNA with different restriction enzymes and cloned (partially
with the help of Hind III and Eco RI Tinkers) into pBR 322. As expected, the
Ascaris DNA was found to be inserted in both orientations relative to the vec-
tor. The unambiguous sequence of 12 cloned monomers could be established from
both strands and are represented in Fig.1.

As expected from previous experiments, the lengths of these sequences
were found to be quite homogeneous. They vary between 119 bp for the Hae III
and 123 bp for the Alu I fragment. Moreover, each restriction fragment type
corresponds to a different sequence variant, all of which can be derived from
the same common ancestor sequence. This is in perfect agreement with the hy-
bridization data (10). The examined repeats differ by single base substi-
tutions and small insertions and deletions (cf. Fig.1). However, there is al-
ways the possibility that molecular cloning has introduced some of the ob-
served variations. The data presented suggest that this is very unlikely for
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the following two reasons: (i) The length of the cloned repeats corresponds

to the length of the uncloned material. (ii) Most of the alterations in se-
quence among our sequenced repeats are found to be clustered at the same po-
sition in several, but not all clones. Fig. 1 also shows some variations in
the G+C content of the different monomers, ranging from 30.0% to 38.3%. Never-
theless, all these data indicate that the satellite under investigation is
very rich in A+T.

A consensus sequence for all the analyzed repeats has been established
and is listed on top of Fig. 1. This consensus sequence is 121 bp long and
has a G+C content of 35.5%. The analyzed monomers, grouped into variant
classes (which are defined by their common flanking restriction sites), were
compared with this consensus sequence and are listed in order of decreasing
homogeneity. The smallest difference to the consensus sequence is found with-
in the Hinf I fragments: In the Hinf A/I monomer only 3 base pair changes and
1 deletion are noted. The Bam variants on the other hand show the largest dif-
ference: they have up to 31 base substitutions (25.6%), 2 insertions and 1 de-
letion. A1l these changes between the different variant classes seem to be
scattered more or less randomly over the whole repeat rather than being lo-
calized on preferential sites.

Qur data show that variations in sequence also occur between fragments of
the same variant class. These changes are rather small compared to those bet-
ween some variant classes, so that the members of the same class are general-
ly very similar to each other. An important question regarding the structure
of the satellite is the extent to which neighbouring repeat units are struc-
turally related. We therefore sequenced a cloned Hinf I dimer and a Hae III
pentamer (cf. Fig. 2). The structure of these multimeric fragments resembles
very much the sequenced monomers of the respective variant classes. Further-
more, the results show that immediately adjacent repeating units diverge
s1ightly from each other by a few base changes, which are scattered over the
whole repeat length. The random distribution of these point mutations indi-
cates that there is no strong selective pressure for any particular region
within the sequence of this satellite. The present data furthermore show that
such occasional mutations in the Hinf I and Hae III recognition sites within
the dimer and the pentamer sequences, rendered the recognition sites inacces-
sible to the effect of the appropriate restriction enzymes. Such random mu-
tations, rather than DNA modifications, seem to be responsible for the for-
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Fig. 2. Sequence of a cloned Hae 111 pentamer and a Hinf I dimer isolated
from highly repetitive germ line DNA of Ascaris lumbricoides. In the pentamer
sequence, only the first 119 bases are fully depicted, whereas in the follow-
ing 4 monomeric sequences merely the base changes relative to the first se-
quence are indicated. Likewise, only the first 121 bases are completely re-
presented for the Hinf I dimer. Base substitutions relative to the first mo-
nomeric sequence are indicated by the respective bases, insertions by .
Arrows underlining the reference sequence designate small palindromic se-
quences. The restriction enzyme recognition sites are @ Hae III, WMTaq I,

ABel I, OMbo I, V¥Clal, @Rsal, [JHinf I, they are indicated by
stippled areas.

mation of most if not all multimeric fragments in a total digest of Ascaris
satellite DNA (Fig. 4 and Ref. 10). Further evidence comes from the fact that
several cloned multimers remain totally resistent to digestion with the appro-
priate restriction enzyme (results not shown), even though E. coli would not
be expected to modify DNA in the same way as Ascaris.

A computer analysis of the consensus sequence reveals the presence of a
dyad symmetry, which is localized between bases 39 and 88. This region is
able to form a hairpin structure with two basepaired regions, each of which
being 6 bp long {see Fig. 1). Interestingly, the same dyad symmetry is also
present in slightly altered form at the same position in all our sequenced
monomers.

On the other hand we have found that the consensus sequence can be subdi-
vided into 11 subrepeats, which all seem to be variants of the same sequence
motif (Fig. 3). The prototype sequence which can be deduced is an undecanu-
cleotide with the sequence S'GCA(X)TT(E)TGAT. The same motif is found, with
some variations, in all our sequenced fragments. The first 6 nucleotides of
this undecanucleotide are significantly conserved throughout all the se-

7500

20z Idy 0z uo 3senb Aq 0506.2£2/€612/£2/0 /2101 1eu/wod dno-ojwapede//:sdjy woly papeojumod



Nucleic Acids Research

'Acc’ Fig. 3. The 121 bp long
H 0 consensus sequence sub-
6AACTTET A divided into 11 subrepeats
“eCAceaTaahAoe  and arranged in order to
» » demonstrate the highest
,,E CATTITTve T" degree of sequence homolo-
GCATTATTGECT gies. The undecanucleotide
“SCAATTGGGEAT prototype sequence is listed
5 ‘ © below. Regions of homologous
TTATTcbATGA bases are indicated by stipp-
P CAATT6cAMG led areas and by larger ca-

M AATAATTAR" pital letters.
PICATTTITTG6cT™

CeTCAAATTTGAT™
®eCAsTT ™

6 CAQTT(DT AT

quenced fragments, while the other 5 seem to be more variable. Based on our
findings we postulate that the Ascaris satellite initially has evolved from

an ancestral variant of this 11 bp long prototype sequence.
We have also analyzed our sequences with respect to the distribution of

several restriction enzyme sites which are indicated in Fig. 1. None of them
is present in all the fragments. Random point mutations occurred at several
sites, rendering the respective repeat fragment insensitive to the action of

the corresponding restriction enzyme. Nevertheless, some of these enzymes cut
quite often within every repeat: Mbo I and Bcl I have one or even several re-

striction sites in nearly all of the fragments, Taq I in about 50% of them.
As an example, the restriction enzyme Mbo I cleaves the Taq A/E5 fragment in
not less than 3 positions, namely 18, 68 and 90.

If the sequences of our fragments are representative for the structure of
the whole Ascaris satellite, we would expect to find a similar distribution
of recognition sites for the different restriction endonucleases within the
total chromosomal satellite. That this is the case has been verified by di-
gesting aliquots of total germ 1ine DNA with these enzymes. The digestion
products were separated by agarose gel electrophoresis and transferred to DBM
paper, which was then hybridized to a radioactively labelled satellite probe.
The autoradiograph is presented in Fig. 4. Slot b, c and d show total digests
of satellite DNA with the enzymes Bcl I, Mbo I and Taq I, respectively. In
agreement with our expections, all 3 enzymes cut the satellite to a high de-
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k Fig. 4. Hybridization pattern of total
satellite DNA from Ascaris oocytes, di-
gested with different restriction en-
zymes. 3 ug aliquots of total oocyte
DNA were digested with Bcl I (b), Mbo I
(c), Tag I (d), Hinf I (e), Alu I (f),
Hae III (g), Bam HI (h), Bam HI and
Hae III (i), Hae IIT and Alu I (j),
Alu I and Bam HI (k). The restriction
fragments were separated on a 2% agarose
slab gel, transferred to DBM paper and
hybridized with a labelled satellite
DNA probe. For comparison, slot (a)
shows an aliquot of total undigested
oocyte DNA.

abcdefghi]

gree. Some other restriction enzymes have only a few recognition sites within
the sequenced monomers, among them Alu I, Hae III and Bam HI. These three en-
zymes are of special interest because each of them cuts only one distinct
variant class (cf. Fig. 1). Again, we have tested whether our findings made
on the 12 sequenced monomers are also valid for the whole satellite, by di-
gesting total chromosomal satellite DNA with these 3 restriction endonucleases.
The results of this experiment are presented in Fig. 4, lanes f-k. As expec-
ted, each of these enzymes degrades total satellite DNA only partially, lea-
ding to a whole ladder of reqularly spaced fragments corresponding to the 120
bp monomer and its multimers (Fig. 4, slots f, g and h). This indicates that
the variant copies, cleaved by each of these enzymes, are clustered in tandem
array within the Ascaris genome. The resistent, nondigested part of the sa-
tellite DNA has no or only a few cuts for the respective restriction enzyme,
since it remains as high molecular weight material on top of the gels. More-
over, cross digestions with Bam HI/Hae III (slot i), Hae III/Alu I (slot j)
and Alu I/Bam HI (slot k) do not lead to the appearance of new fragments
others than those occurring in single digests of the respective restriction
enzymes. Each of these enzymes must therefore cleave in different areas or
domains of the satellite. Therefore, the conclusion can be drawn that the
Ascaris satellite DNA is composed of an unknown number of sets of variant
classes (of which we have analyzed five by random selection). Members of the
same variant class are arranged as tandemly clustered repeating units in long
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ab Fig. 5. Hybridization pattern of Hae III
digested total DNA from ococytes (a) and
intestines (b) of Ascaris lumbricoides.
The restriction fragments were separated
on a 2% agarose slab gel, transferred to
DBM paper and hybridized with a labelled
Taq I monomer fragment.

-_r T

blocks (domains) within the genome, physically separated from other variant
classes.
Amount of Satellite DNA in Germ Line and Somatic Cells

The bulk of satellite DNA sequences is clearly eliminated.from the soma-

tic genome of Ascaris lumbricoides. This has been demonstrated by hybridi-

zing labeiled Tag I monomer fragments to DBM-blots of Hae III digested germ
line and somatic DNA (Fig. 5). However, weak signals are still detectable in
the track of somatic DNA. Since this material has been isolated from careful-
ly prepared intestines, it must be of pure somatic origin without any con-
tamination of germ 1ine DNA. The above hybridization data therefore demon-
strate that some copies of satellite DNA are retained in the somatic genome
during the process of chromatin elimination.

In order to quantify the amount of the eliminated satellite DNA, satura-
tion hybridization experiments with radicactively labelled Mbo I monomers
were performed. Fig. 6 shows the results. From the difference in the satura-
tion values we have to conclude that chromatin diminution expels over 99.5%
of the satellite DNA sequences from the presumptive somatic cells. For this
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DNA A—aA
DNA A--A
DNA 0—®
oNa O--O
0 I3 Cenc
v - ONA
#000 fONA (ng/m)

Fig. 6. Saturation hybridization of the Mbo I monomeric fragment to spermatid
(A—aA) and intestinal ( A--A) DNA of Ascaris lumbricoides. As an internal

control, 32P-labelled cloned 185 and 285 rDNA from Ascaris lumbricoides were

hybridized to the same filters loaded either with 30 ng of spermatid ( e—e )
or with 30 ng of intestinal ( 0--0) DNA.

experiment an internal hybridization control was used: filters loaded with
germ line and somatic DNA were also hybridized with radicactively labelled
cloned Ascaris 18S and 285 rDNA. As Fig. 6 demonstrates, the saturation pla-
teaus are identical for spermatid and intestinal DNAs.
Satellite DNA is not transcribed

The question whether or not satellite DNA is transcribed in different

tissues has been investigated by hybridizing radioactively labelled Taq I and
Bam HI cloned monomers of satellite DNA to total nuclear RNAs isolated from
larvae, intestines, spermatids, oogonies and oocytes. These different nuclear
RNAs, as well as 18S and 285 rRNA, pBR 322/Hinf I and a cloned monomer Bam F
6 as an internal standard were denatured, electrophoresed through a 2% agaro-
" se gel, transferred to DBM paper and hybridized with the satellite DNA probe.
As Fig. 7 clearly demonstrates, neither total nuclear RNA nor 185 and 28S
rRNA from Ascaris show any hybridization with the labelled monomer probe, al-
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Fig. 7. Total nuclear RNAs

total nuclear were isolated from larvae (L),
RNA <a intestines (Int), spermatids

_ T = (Sp), oocytes (Ooc) and oogo-

8¥ E nies (Oog) of Ascaris lumbri-

w g T coides. 5 ug aliquots of these

LEg 8@ %_ different RNAs, as well as 0.5
o ug of 185 and 285 rRNA, 50 ng

of pBR 322/Hinf I together with
50 ng of the clone Bam F 6
(corresponding roughly to 1.25 ng
of the cloned Bam HI monomer) as
an internal standard were run on
a 2% agarose slab gel, trans-
ferred to DBM paper and hybri-
dized with labelled Taq I 8 and
Bam F 6 cloned monomers. Hybri-
dization of the labelled probe
is only detectable with the in-
ternal standard.

( g el

* =int Standard

though hybridization with the internal standard (Bam F 6 monomer), which cor-
responds to 0.025% of the nuclear RNA in each slot, gives a clear signal. In
a reciprocal experiment, satellite DNA was bound to a filter and hybridized
with labelled nuclear RNAs isolated from different tissues and stages. Again,
no hybridization could be detected (results not shown). We therefore conclude
that satellite DNA of Ascaris lumbricoides is either not transcribed in any
of the tested cells, or that the transcripts are so few that they go undetec-

ted by these experimental methods.

DISCUSSION

We have cloned satellite monomers resulting from digests of Ascaris germ
T1ine DNA with the restriction enzymes Alu I, Bam HI, Hae III, Hinf I and
Taq I, respectively. A few recombinants of each fragment type were sequenced.
Due to their random selection, they are expected to be a representative
sample for the most abundant sequence of the respective fragment type. As our
results show (Fig. 1), each fragment type corresponds to a different variant
of the same related ancestral sequence. Sequence diversity between these va-
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riant classes can amount up to 30% base substitutions due to single base sub-
stitutions, insertions or deletions. In contrast, members of the same variant
class seem to be quite homogeneous to each other, apart from some microhete-
rogeneities which result from point mutations. However, because of the limi-
ted data it is impossible to make more precise statements about the degree of
possible sequence variations within a given variant class.

It should be pointed out that the DNA was extracted from a great number
of animals, so that the total variation within an individual cannot be accu-
rately determined. However, repeating units which 1ie immediately adjacent to
each other diverge slightly by randomly distributed point mutations. This is
exemplified by the cloned Hinf I dimer and the Hae III pentamer (cf. Fig. 2)
as well as by the existence of multimeric fragments within total digests of
satellite DNA with any restriction enzyme, which are thought to be due to oc-
casional mutations of the internal recognition sites (see results). Thus,
some sequence variation must already be present on a single chromosome.

A1l the differences between variant classes and between individual re-
peats of the same class are the result of single base substitutions as well
as small deletions and insertions, which are scattered more or less randomly
over the whole repeating unit. This indicates that there is no strong selec-

tive pressure for any particular region within the satellite monomer sequence.

The total amount of the five analyzed variant classes within the whole
Ascaris satellite can be estimated from the fregquency of the recognition
sites of the appropriate restriction enzymes. Each of the enzymes Hinf I,
Alu I, Hae III and Bam HI have a recognition site in about 5 to 10% of the
total satellite repeats, as evaluated from Southern blots of total germ line
DNA (see Fig. 4 and Ref. 10). Thus, these four variant classes together may
already be representative for at least 20% of the whole satellite DNA. Taq I
is an even more abundant cleaving enzyme, which is able to degrade about 50-
70% of the total satellite DNA. However, our sequencing data clearly indicate
that Taq I cleaves within several variant classes simultaneously, since Taq
restriction sites are not only found in Taq I but also in Hae IIl and Bam HI
monomers (cf. Fig. 1). The monomer fraction of the Taq I digest must there-
fore contain a mixture of several sequence variant classes. Nevertheless, all
three of our randomly selected and sequenced Tag I monomers belong to the
same sequence variant, namely the Taq I variant class. This shows that these
Taq I variants are at least an important, if not the predominant fraction of
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the Tag I monomers, and consequently also of the whole satellite. However, it
is impossible to make more precise statements due to the relatively small
number of individual clones we have analyzed.

Altogether, the digestion products of the five enzymes used represent an
important fraction of the whole satellite DNA. The presented sequences and
especially the thereof derived consensus sequence (Fig. 1) should therefore
be representative for most of the entire satellite. This view is further sup-
ported by the fact that those enzymes which have a recognition site in nearly
all our sequenced fragments (Bcl I, Mbo I, Taq 1) do also cleave the whole na-
tive satellite abundantly (cf. Fig. 4b-d). Additional evidence comes from a
recent work of Streeck et al. (11). Independently this group has determined
the prototype sequence of two major variants of Ascaris satellite, starting
out from uncloned material. Since they used restriction enzymes which have
many recognition sites within the satellite for the preparation of their se-
quencing fragments, their sequences are representative for an important por-
tion of the satellite. However, this method is not suitable to demonstrate
the diversity between and within different variant classes as it is possible
by molecular cloning and analysis of individual repeats. Nevertheless, the
sequences of Moritz's group (11) are in good agreement with our data: one of
their published variants is very similar but not identical to our consensus
sequence, whereas the second variant can be arranged among our Bam fragments.

A comparative analysis of our consensus sequence has provided evidence
for an internal short range periodicity of 11 bp length (Fig. 3). The proto-
type sequence of this undecamer, as deduced from the consensus sequence is
5'GCA(;)TT(£)TGAT. This motif, with variations, is present in tandem array
in all our analyzed monomers. Moreover, each variant class is tandemly clus-
tered on the chromosome, physically separated from other variants. Such an
arrangement as well as the existence of an undecamer within the basic units
argues strongly for the evolution of the Ascaris satellite from a common an-
cestral sequence by the mechanism of sequence divergence followed by an am-
plification mechanism, as has been proposed already for other satellites (28-
30, 32). In a first step, the 120 bp segments evolved from the ancestral un-
decamer sequence. Later on during evolution, the 120 bp fragment diverged in-
to the different variants, followed by amplification to form the large tandem
arrays that are observed in the present Ascaris genome.

Preliminary results from in situ hybridization experiments indicate that

7507

20z Indy 0z uo 3senb Aq 0G06.2£2/£61./€2/0 L /210 1eU/WOd dNO"dWapeIE//:SARY WOy papeojumog



Nucleic Acids Research

the satellite DNA sequences are localized on most but not all chromosomes.
Moreover, we have evidence that the individual chromosomes contain different
amounts of satellite DNA. There is no correlation between the size of the
chromosomes and their amount of satellite DNA sequences (Felder et al., in
preparation).

The most important feature of Ascaris satellite DNA is the fact that its
quantity differs to a great extent between germ line and soma cells due to
the chromatin elimination process. We estimate this satellite to represent
about 20% of the germ line genome, corresponding to about 106 copies of the
120 bp basic repeat. This value is based on measurements of the DNA quantity
within the monomer band of a total germ line digest by the restriction enzyme
Mbo I (unpublished results). Somatic cells on the other hand contain only a
few satellite DNA sequences. At least 99.5%, but not all of the satellite
copies are expelled from the presumptive somatic cells, so that somatic DNA
contains at most 0.14% of satellitic sequences (roughly 5000 copies). We
think that the satellite must account for most, if not all of the eliminated,
highly repetitive material.

Turning now to the possible functions of this Ascaris satellite DNA,
there is no experimental evidence that it is transcribed, either in germ
1ine cells (oogonies, oocytes and spermatids) or in somatic tissues (intes-
tines and larvae) (Fig. 7). This is not surprising because in general, high-
1y reiterated sequences in eucaryotes are not thought to be transcribed. How-
ever, there are a few exceptions: transcription of satellite DNA sequences
has been reported from HTC rat tissue cells (33) and from specific loops of
lampbrush chromosomes in oocytes of newts (34-37). In Notophtalmus virides-

cens, transcription may initiate at promotor sites for histone genes which
are embedded within variable stretches of satellite DNA sequences, and then
proceed into the downstream satellite DNA sequences (35, 36). Other functions
that have been suggested for satellite DNA, not involving its transcription,
are mainly based on its general association with heterochromatin (for review
see 28-32). The available data are consistent with the notion that satellite
DNA exerts its biological effects in processes that are specific for germ
line cells. Our present results support this idea, since chromatin elimina-
tion in Ascaris lumbricoides demonstrates clearly that the bulk of the sa-
tellite DNA is not needed in somatic cells. Therefore, if this satellite DNA
has any function at all, it must be germ line limited. Otherwise one would
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have to assume that the same function could be exerted in somatic tissues by
the few remaining copies, which seems to be rather unlikely.
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