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Summary. A family of highly repetitive DNA ele-
ments, the Cla-clements, is present in the genomes
of the two sibling species Chironomus th. thummi
and Ch. th. piger. These Cla-elements are organized
in large tandem repetitive clusters as well as occur-
ring as interspersed monomeric elements, in both
Subspecies. The analysis of a monomernic Cla-ele-
ment and several kilobases of its flanking sequences
from Ch. th. piger revealed that the short Cla-ele-
ments are cotransposed together with adjacent DNA.
We found the same association of Cla-elements with
Specific lanking DNA in clones obtained from the
rDNA of Ch. th. thummi and from nonribosomal
Cla-DNA of Ch. th. piger. The Cla-element-flanking
DNA is clearly also repetitive, but mainly of inter-
Spersed organization.
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Introduction

In the genome of many Chironomus species a family
of repetitive DNA elements is present, which has
been termed “Cla-elements” (Schmidt 1981, 1984)
because most of these elements are characterized by
a recognition site for the restriction endonuclease
Clal. The most intriguing feature of the Cla-ele-
ments is the fact that they have probably undergone
an evolutionary amplification process during the di-
vergent evolution of two subspecies of Chironomus
thummi (Schaefer and Schmidt 1981).
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Chironomus thummi thummi and Ch. th. piger
can be crossed to produce fully fertile offspring (Keyl
and Strenzke 1956). In spite of the close relatedness
between the two species, there is a significant dif-
ference in genome size: Ch. th. thummi contains
about 30% more DNA per genome than Ch. th. piger
(Keyl 1965). About one-fifth of this additional DNA
in Ch. th. thummi is represented by the higher copy
number of Cla-elements (Schaefer and Schmidt
1981; Schmidt 1984). From a cytological point of
view, the larger genome of Ch. th. thummi repre-
sents the phylogenetically younger one (Keyl 1965)
and thus, one can conclude that the higher copy
number of Cla-elements is the result of an ampli-
fication during the evolution of the thummi geno-
type rather than a loss of Cla-elements during the
evolution of the piger genotype.

In addition to the gross difference in the copy
number of Cla-elements in the two genomes there
is a remarkable difference in the distribution of Cla-
elements in the chromosomes of Ch. th. thummi
and Ch. th. piger (Schmidt 1981). In situ hybrid-
ization suggests that the Cla-elements are confined
to the centromeric heterochromatin in the chro-
mosomes of Ch. th. piger but, in addition to the
centromeres, are distributed over more than 200
different sites in the chromosomes of Ch. th. thummi
(Schmidif 1984). Probably all these sites contain
clusters of Cla-elements, because single Cla-element
copies are presumably too short to provide sufficient
homology in situ. One of these 200 Cla-element sites
is the nontranscribed spacer (NTS) of the rDNA of
Ch. th. thummi, which contains a large Cla-clement
cluster of varying length, generating extreme length
heterogeneity of the individual thummi-rDNA re-
peating units (Israelewski and Schmidt 1982;
Schmidt et al. 1982). The NTS of Ch. th. piger does
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not contain any Cla-elements (Schmidt and Godwin
1983). The comparison of the NTS of the two sub-
species has led to the hypothesis that Cla-clements
might have been transposable, either as isolated re-
petitive elements or in association with adjacent
DNA sequences found flanking the Cla-element
cluster in the NTS of thummi.

Although cloned Cla-DNA from Ch. th. thummi
has already been analyzed (Schmidt 1984), up to
now there was little information on the organization
of Cla-elements in the phylogenetically older ge-
nome of Ch. th. piger. Genomic Southern analysis
indicated that there were clustered as well as inter-
spersed copies of Cla-elements throughout the DNA
of Ch. th. piger. However, localization of Cla-ele-
ments by in situ hybridization yielded only a sig-
nificant signal over the centromeric region, showing
that this method is not sensitive enough to detect
single copies of monomeric Cla-elements. It was,
therefore, necessary to analyze Cla-elements and
their flanking DNA cloned from the genome of Ch.
th. piger. This would enable us to compare the or-
ganization of Cla-elements of the phylogenetically
younger with the phylogenetically older genome.

In the present study we were able to isolate for
the first time a monomeric Cla-element, which is
surrounded by repetitive DNA sequences that pos-
sibly originate from a noncentromeric chromosomal
region. The detailed molecular analysis in this study
supports the idea that the Cla-elements undergo
transposition together with adjacent DNA se-
quences and that the transpositional events have
also taken place in the genome of Ch. th. piger.

Materials and Methods

Cloning of Cla-elements from Ch. th. piger DNA. Genomic DNA
of Ch. th. piger was prepared from larvae raised in laboratory
culture as described previously (Schmidt et al. 1980). A library
of Ch. th. piger DNA was constructed using the lambda replace-
ment vector EMBL 3 (Frischauf et al. 1983). DNA from larvae
was cut partially with Sau3A and fractionated by agarose gel
electrophoresis. Fragments of 12-23 kilobases (kb) were isolated,
ligated to the BamHI ends of the EMBL 3 vector arms, and
packaged in vitro. The selection of recombinant phages was car-
ried out biochemically as described by Frischauf et al. (1983).

The library was screened for Cla-element-containing clones
by the Benton and Davis (1977) method. Cla-elements, isolated
from genomic DNA of Ch. th. thummi and labeled radioactively
by nick-translation (Rigby et al. 1977), served as hybridization
probes. Restriction fragments of the EMBL 3 clones were sub-
cloned into the plasmid vector pBR322. After transformation
of Escherichia coli strain SF8 by the standard calcium procedure,
recombinant bacterial clones were enriched by cycloserine selec-
tion (Bolivar and Backman 1979).

Analysis of Cla-Element-Containing Clones. Preparation of
plasmid DNA and agarose gel electrophoresis were performed as
described previously (Schmidt 1981; Schmidt and Godwin, 1983).
Blot-filter hybridizations were carried out according to Southern
(1975) and DNA sequencing was done according to Maxam and

Gilbert (1980). Restriction mapping was performed according 0
the method of Boseley et al. (1980).

In Situ Hybridization to Polytene Chromosomes. Polyten®
chromosome preparations of Ch. th. thummi and Ch. th. piger:
from salivary glands of fourth-instar larvae, were heat-treated at
70°C for 30 min in 2x standard saline citrate (0.15 M NaCl,
0.015 M sodium citrate; SSC) (Bonner and Pardue 1976). The
spreads were digested with RNase and the DNA in the chro-
mosomes was then denatured in 0.07 N NaOH for 1 min. Hy-
bridization was carried out at 55°C in 5x SSC for 4-6 h. The
DNA probe was labeled with biotin—~dCTP (ENZO, Biochem-
Inc.) by “oligo-labeling” (Feinberg and Volgelstein 1983). Sites
of hybridization were detected by a two-step antibody reaction:
The slides were washed in phosphate-buffered saline (PBS) for 3
min. Subsequently, 10 gl of rabbit-anti-biotin-IgG (ENZO, di-
luted 1:50 in PBS) were added per slide. Slides were incubated
at 37°C for 3 h in a moist chamber, then washed in PBS for 2
total of 5 min. Goat-anti-rabbit-IgG conjugated to FITC (10 ul
diluted 1:100 in PBS) was added and the slides incubated for 1
h at 37°C. Afier a washing step of 10 min in PBS, chromosom¢
preparations were embedded in buffered p-phenylenediamine/
glycerol-antifading mixture.

Preparations were inspected using a Zeiss photomicroscopé
equipped with a fluorescent device (excitation 455 nm).

Results

Isolation and Characterization of
Cla-Element-Containing Clones from
Ch. th. piger

A genomic library of Ch. th. piger containing 1.5 X
10% recombinant EMBL 3 clones was screened with
radioactively labeled Cla-elements as hybridization
probes. Approximately 1% of the screened A clones
showed hybridization with Cla-elements. With an
average size of cloned fragments of 18 kb and the
size of the Ch. th. piger genome (1.25 x 10° kb;
Keyl, personal communication), this is equivalent
to an approximate number of 70 Cla-DNA-con-
taining clones per Ch. th. piger genome. In order to
analyze a Cla-element-containing region in detail,
we have chosen arbitrarily one clone (\22A) out of
50 isolated clones. A22A was characterized by re-
striction analysis and blot-filter hybridization (not
shown). Restriction of the A22A DNA by Sall gen-
erated a Sall-fragment of about 8 kb, which con-
tained the Cla-element-homologous sequences. This
fragment was subcloned into pBR322 and termed
pPC 170. Figure 1A shows the restriction map of
the Cla-containing subclone pPC 170. The Cla-ele-
ment-homologous DNA was localized by blot-filter
hybridization (not shown). About 900 bp, spanning
the Cla-homologous region, were analyzed in detail
by DNA sequencing (Fig. 1B).

DNA Sequences of the Ch. th. piger
Cla-element and Its Flanking DNA

With t.he clone pPC 170, for the first time a mo-
nomeric member of the Cla-DNA family, surround-
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GAGGATGAAGATGATAAGCTGGACAACAATGGAAGCACCAATGAAATTGCCATAGTGGAGATAGAAGTGAGTGGAGGATTTTCATAATCCAAAATTAAAA

120 140 160 180 200
GGACTCAGCCAATATCGTGTGGTTTGTATGATTTACATTCAAGAAGCATCATGTCAAGTTGGTACTTCCAACTGGATTGAAACTGACAAAAATGTTTTTA

220 240 260 280 300
CAACATTTCTTGACTTTTTTAAAGATTTTTGAGAGGGGTCCAGATTTAAGGTAACTAAACACTTCTTTCATTATCCAALTGAAATTTTTCGGTTCTAAGT

320 340 360 380 400
AGTCATACGATGCGTACTGGCTGC@GGAACCTACGGAACTGCTTAGTTACCTCAGAACTAGACCCATCTTTAAAATCGTTTGAAAAGTCAAGAAATTG

420 440 460 480 500
AAGTACAATTTTTTTGTCAGTTCCACCCAGTTGGAAGTGCCAACTAGACATGATGCTTCTTGCATGGAAATAATGCTAATCATGCAGGCAAGCAGCTGAT

———e

520 540 560 580 600
ATTCATCATCCTTTTTGTTGGTGAATTTTTATTTITAGCCTACTATGGTCGAAACCAAAAATGCTTTAAATTGCATTTTAAAACATATCTATGTATTATA
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GAAAATAGCCTACTATGATCAAAACCAAAAATGCTTTAAATTGCATT TTAAAACATATCTAGGTATTATA

620 640 660 680 700

AATGATAAAAAATGC TAATATAGATATAAAATCGATAT T 1T TAGCGCATTTTTGAAACTTGTTTCGAAAAGGTACACTCATAGAAAAAAAGTAACAAAAT
» AREn
AATGATAAAGAATGCTAATATAGATATAAAATCGATATTTTTTTTTT

720 740 760 780 800

GTTTGTAACTTGTATGGAAAATGTTAACAAACAATTCGTTAAAATAGTGTTTACGAACTTATTTGTTAAAT TTAACCAAATTATTTGTAAGGTTGAATTG

820 840 860 880 900

TTAACTATAAAAATTGTTAATTTAACAAACTTTTTGTTAAATTTTTTTTTACAAGAAAAAAAACAAATTTTCGGTTAATATTAACCAAGARATTGTTAAT

3

Fig, 1. A Restriction map of pPC 170. The sequenced region, containing the Cla-element, is boxed. Restriction enzymes are as
follows: C, Clal; E, EcoRI; O, Haelll; @, HindIII; O, Hpal; S, Sall; T, Taql; X, Xhol; A, Xmalll; B, Cla-element; 7, pBR322. B
Nucleotide sequence of the pPC 170 Cla-element and its flanking DNA. The Cla-monomer (boxed) is compared with the Cla-consensus
sequence (in italics). Differences are marked by dots. The Clal site comprises nucleotides 631-636. A large imperfect palindrome in
the 5'-Cla-flanking region is underlined (—). Hypothetical target site duplications are marked by small arrows (-).

ed by its flanking sequences, could be isolated and ranged and overlap by 1 bp with the Cla-element
analyzed. All previously obtained Cla-elements from  sequence itself. At the 3'-end the first 6-bp dupli-
Ch. th. thummi and Ch. th. piger were part of tan-  cation is completely homologous to the Cla-ele-
dem-repetitive clusters (Schmidt 1984). ment. Here, the second duplication is separated from
The monomeric Cla-element of pPC 170 has a  the first by a few nucleotides. These duplications
length of 107 bp and thus is 10 bp shorter than the  might be an indication for a transpositional event
consensus Cla-element sequence (Fig. 1B). Thelength  involving the monomeric Cla-clement, which has
difference is due to deletions within oligo-dT/dA  occurred during evolution.
regions at the 5’-end and the 3'-end of this Cla- The Cla-element-flanking DNA from the piger-
element. Sequence comparison between the piger-  clone pPC 170 was compared by computer analysis
Cla-element in pPC 170 and the Cla-consensus se- with the flanking sequences of previously analyzed
quence (Schmidt 1984) reveals a divergence of 3.7%.  Cla-element clusters from Ch. th. thummi (Schmidt
At both ends of the Cla-element two duplications 1984). This analysis revealed that a 32-bp region,
of 6 bp can be seen (Fig. 1B). At the 5'-end of the  immediately flanking the 3’-end of the piger-Cla-
Cla-element, these duplications are tandemly ar-  element of pPC 170, is nearly identical to the se-
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Fig. 2. A Sequence homology between the Cla-element/Cla-flanking DNA of the ribosomal NTS and of pPC 170 (Cla-clement i0
lllah.cs, “Cla-adjacent DNA in bold face).. A short 3'-flanking imperfect palindromic sequence within the “Cla-adjacent DNA” i
indicated by arrows. B Compiled schematic comparison between the ribosomal NTS regions of Ch. th. thummi and Ch. th. piger and

the nonribosomal piger-clone pPC 170. Homologous sequences are hatched identically.

quence that was found flanking the 3'-end of the
Cla-cluster present in the ribosomal NTS of Ch. th.
thummi (Fig. 2A, B). Following Schmidt and God-
win (1983), this Cla-element-flanking sequence of
the thummi-NTS is called “Cla-adjacent DNA.”

The nearly perfect homology to the “Cla-adjacent
DNA” of the thummi-NTS is confined to the 32 bp
flanking the 3’-end of the pPC 170-Cla-element.
Further downstream as well as in the 5'-flanking
region of the Cla-monomer there is no homology
detectable to any ribosomal sequences. These results
indicate that at least the 32 bp of “Cla-adjacent
DNA” present in pPC 170 and the NTS of Ch. th.
thummi were linked to a Cla-element before the two
subspecies separated (see Discussion).

The Cla-adjacent DNA and the sequences down-
stream thereof are of typical simple sequence or-
ganization. The nucleotides 650-900 (Fig. 1B) can
be written as (imperfect) repeating units of the con-
sensus sequence

G
A

GAAA

T
TT TTTTGTTA

(Fig. 3). Twenty-two such units could be identified-
It is worth noting that the length of the repeats often
coincides with the helical repeat of DNA. Further-
more, variation of the repeating units at the nu-
cleotide level can be noticed: along with increasing
distance to the first repeat, the poly-A sequence
proximal to the central guanosine position is ré-
placed by poly-T. Additionally, the cytosine and
guanosine residues at position 4 distal to the central
G only occur in the first few repeats and are then
mainly replaced by adenosine.

The satellite-like sequence also seems to be pres-
ent in the 5'-Cla-flanking sequence. However, only
a few related repeating units can be detected here
(Fig. 3), which are not tandemly arranged.

The main feature of the 5'-flanking region of the
Cla-element is a relatively large, imperfect inverted
repeat, which has a 167-bp stem and a loop of 45
bp (Fig. 1B). In the stem, 132 out of 167 nucleotides
are paired. The large hairpin is flanked by a 7-bp
direct duplication with one base of mismatch, The
3’-duplication is an integral part of the inverted re-
peat, whereas the 5’-duplicated sequence immedi-
ately flanks the stem (Fig. 1B).
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Fig. 3. Possible “simple sequence” repeating units of the 3'-
and 5'-Cla-flanking DNA. Some repeating units are present as
reverse complements (rc). The lengths of the repeats are given at
the left margin. The numbering of the sequences corresponds to
Fig. 1B. A similar simple sequence organization has also been
found in the Cla-element-flanking region of the thummi-Cla-
element cluster 16 (Schmidt 1984; Rohwedder 1986).

Genomic Organization of pPC 170

In order to investigate the genomic organization of
the Cla-containing region several “subregions” of
pPC 170 were analyzed by Southern blot hybrid-
ization against total genomic DNA from thummi
and piger larvae (Fig. 4). The subclone pBD 31,
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Fig. 4. Southern blot hybridization of Cla-elements and sub-
clones pBD 421 and pBD 31 against Clal-restricted total genomic
DNA of Ch. th. thummi (th) and Ch. th. piger (pi) larvae. For
the symbols used on the restriction map, see Fig. 1.

which spans the “leftmost” part of pPC 170, hy-
bridizes to only a few bands after Clal restriction of
thummi- and piger-DNA, with a weaker hybridiza-
tion to the DNA of Ch. th. thummi, indicating a
lower copy number in the thummi genome.

Subclone pBD 421, containing the Cla-adjacent
DNA and its 3'-flanking region, however, produces
abroad “smear” in genomic DNA of Ch. th. thummi
and Ch. th. piger, typical for highly repetitive DNA.
This region of pPC 170 spans the aforementioned
“simple-sequence” DNA, which is found flanking
the 3’-end of the Cla-element. The Cla-element pro-
duces the characteristic ladder of bands of a highly
tandem-repetitive DNA with a significantly differ-
ent intensity of hybridization of thummi- and piger-
DNA. The sequences in the immediate 5'-Cla-flank-
ing region show a complex hybridization pattern
(not shown) and therefore contain dispersed, mod-
erately repetitive DNA.

In Situ Localization

For in situ localization, the Cla-element-free sub-
clone pBD 31 was used as a probe. pBD 31 repre-
sents the “left” end of pPC 170 and contains se-
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quences that are of low copy number in the genome
of Ch. th. piger and probably of single copy in the
genome of Ch. th. thummi. The result of in sitn
hybridization is shown in Fig. 5. In the chromo-
somes of Ch. th. thummi, only a single band is la-
beled, corresponding to position C2g on the right
arm of chromosome I (according to Hégele 1970).
This hybridization is found in both Ch. th. piger and
Ch. th. thummi at the same site. In the chromo-
somes of Ch. th. piger a few additional bands on
chromosome I and the centromeres of chromo-
somes II and III are labeled (Fig. 5). These in situ
hybridization results do not allow a definite local-
ization of pPC 170 in Ch. th. piger.

Discussion

Cotransposition of Cla-Elements
Together with Adjacent DNA

The most remarkable feature of pPC 170 is that the
piger-Cla-element of this clone is flanked by the
same 32-bp DNA sequence that has previously been
found flanking the Cla-cluster of the ribosomal NTS
of Ch. th. thummi. This is important, because the
comparative analysis of the ribosomal nontran-
scribed spacers of Ch. th. thummi and Ch. th. piger
has led to the idea that Cla-elements might have
been transposed as a complex together with flanking
DNA (Schmidt and Godwin 1983).

In the case of the NTS of Ch. th. thummi, 528
bp of so-called “Cla-adjacent DNA” are flanking
the 3'-end of the Cla-element cluster. This DNA is
clearly nonribosomal and has probably integrated
into the NTS, eventually together with the Cla-ele-
ments (Schmidt and Godwin 1983).

Strong support for this hypothesis comes from
the sequencing data of clone pPC 170. In pPC 170
we found a situation which is very similar to that
in the NTS of Ch. th. thummi. The Cla-monomer
is associated with a 32-bp flanking sequence, which
is homologous to part of the “Cla-adjacent DNA”
found in the thurmmi-NTS. Since pPC 170 has been
cloned from Ch. th. piger and does not contain rDNA
sequences, the ‘“Cla-element/Cla-adjacent DNA”
complex has now been found independently in both
subspecies at different chromosomal loci. In fact,
this means that Cla-elements and 32 bp of the “Cla-
adjacent DNA” were associated already before the
two subspecies separated and before these sequences
jumped into the nontranscribed spacer of the thum-
mi-rDNA.

However, the major part of the thummi-NTS
“Cla-adjacent DNA,” which is clearly nonribosom-
al, too, is not present in the pPC 170 clone. Fur-
thermore, in pPC 170, the 32-bp sequence shares a

repeated motif with sequences extending into the 3'-
direction. Thus, it probably shares a common origin
with these 3'-sequences.

This is not the case in the NTS, because here the
32-bp sequence does not seem to be related to the
rest of the “Cla-adjacent DNA.” At present we do
not know how the linkage between the two parts of
the NTS “Cla-adjacent DNA” can be explained. A
possible explanation would be that the 528-bp ““Cla-
adjacent DNA” is the result of two independent
transpositional events.

It is not known whether pPC 170 is the genuin€
origin of the “Cla-element/Cla-adjacent DNA”
complex. Genomic Southern hybridizations show
that the Cla-adjacent DNA (as well as the Cla-ele-
ments) is a highly repetitive and interspersed DNA
sequence. The association of Cla-elements with the
“Cla-adjacent DNA” thus might be more wide-
spread than suggested by the two samples analyzed
so far. It could be that the Cla-elements have a strong
target site specificity, and that the “Cla-adjacent
DNA” represents a typical target site for Cla-ele-
ment integration. A more detailed analysis is nec-
essary here.

There are also several points of evidence that the
Cla-elements alone are, or have been, transposable
elements. All Cla-element clusters investigated SO
far are surrounded by short sequence duplications,
as they are typically found after transpositionaI
events (Schmidt 1984). The same is true for the
monomeric Cla-element found in pPC 170: there
are six base-pair duplications at both ends of the
piger-Cla-element, indicating an integration of the
Cla-monomer at this site in pPC 170. The presence
of more than two duplications can be explained, if
at least two copies were already present prior to the
integration events. Ddring and Starlinger (1984) have
found such multiple duplications at the insertion
sites of maize transposable elements. The hypo-
thetical target site duplications of the Cla-monomer
are partially homologous to the sequence of the Cla-
element itself. The same situation has been found
in the case of inserted snRNA pseudogenes (van
Arsdell and Weiner 1984; Bark et al. 1985). An
integration mechanism involving homologous re-
combination between parts of the transposed ele-
ment and the target locus could be a reasonable
explanation for this finding. Additionally, the pal-
indromic structure of the flanking *“Cla-adjacent
DNA” (see Fig. 2a) might play a role in targeting
Cla-elements. The loop sequence itself displays &
9-bp homology to the oligo-dT/dA region at the end
of a Cla-repeat (the ends of a Cla-repeat are defined
by the Clal restriction site; cf. Schmidt 1984). This
organization strongly resembles that of the short
Strongylocentrotus mobile repetitive element D881,
where a 15-bp homology exists between the repeat
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Fig. 5. In situ hybridization of biotin-labeled pBD 31 DNA to the polytene chromosomes of C#. th. thummi (a) and Ch. th. piger
(b, ¢, d). A single hybridizing band at position C2g of thummi-chromosome I can be seen (a), which is also present in piger-chromo-
some I (b). In addition to this single band present in both subspecies, a weak hybridization is found at three positions in the cen-
tromeric region of piger-chromosome I (b). Furthermore, the centromeres of piger-chromosomes I {c) and III (d) are labeled. (a’, b/,
¢, d') Phase-contrast photographs of the chromosomes shown in a, b, ¢, and d.

itself and its immediately flanking DNA (Johnson
et al. 1984). Homologies between transposed DNA
and the surrounding target sequence, involving short
palindromic structures, have recently been reported
for the insertion element Tgm1 found in soybeans
(Rhodes and Vodkin 1985).

In view of their length, the Cla-elements might
be classified as short interspersed repetitive ele-
ments (SINEs) (Singer 1982). Families of SINEs are
the dominating repetitive sequences in the genomes
of higher vertebrates. Several SINE families, in-
cluding the Alu family of humans, are thought to
be transposed via an RNA intermediate and reverse
transcription (Jagadeeswaran et al. 1981) and thus
termed “‘retroposons” (for review see Rogers 1985).

It is possible that Cla-elements have been trans-
posed in a way similar to that proposed for retro-
poson SINE families. This possibility is supported

by the fact that (1) at least some Cla-elements are
transcribed (as shown by Northern hybridization;
Schmidt, unpublished) and (2) Cla-elements possi-
bly have a 3'-oligo-dT/dA end.

The second point is supported by the analysis of
the monomeric Cla-element in pPC 170 described
here. Because pPC 170 contains a monomeric Cla-
element, there is no ambiguity of the ends of the
Cla-sequence. The oligo-dA/dT cluster at the 3'-end
of the Cla-element can easily fold back in an RNA
molecule and thus serve as a priming end for reverse
transcription (as proposed also for Alu-elements by
Jagadeeswaran et al. 1981). Furthermore, the res-
olution of the hairpin structure after a possible self-
priming could lead to short deletions of variable
size, which are actually observed at the oligo-dA/
dT end of various Cla-elements.

When the Cla-elements transpose together with
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flanking DNA, the reverse transcription could start
at structures like the pPC 170 3'-Cla-flanking region:
a transcript of an array of repeats with weak pal-
indromes could be the source of a number of dif-
ferent DNA molecules including various stretches
of 3'-Cla-flanking DNA.

The Structure of the 5'- and 3’-Flanking
DNA in pPC 170

The 3’-Cla-flanking sequence in pPC 170, including
the short stretch of “Cla-adjacent DNA,” is orga-
nized like a “simple-sequence” DNA. According to
our Southern hybridizations with subclone pBD 421
as probe, this satellite DNA-like sequence occurs
interspersed in the genomes of Ch. th. piger and Ch.
th. thummi and spans a few hundred base pairs
downstream of the Cla-clement in pPC 170.

Sequence elements of the satellite-like DNA are
not confined to the 3'-Cla-flanking region: two ho-
mologous sequences can be detected 5’ upstream of
the Cla-element. Thus, the 5'- and 3'-Cla-flanking
regions may be related, suggesting that this sequence
has been interrupted by the integration of the Cla-
element.

In the 5'-Cla-flanking region, a large imperfect
palindrome is found, which is flanked by short direct
repeats and is thus reminiscent of mobile elements
of the “foldback™ class (Potter et al, 1980). Regard-
ing both the palindrome and the Cla-sequence, this
region of pPC 170 seems to be particularly prone
to the insertion of putatively mobile DNA.

In Situ Localization of pPC 170

The in situ localization of pPC 170 and of the mo-
nomeric Cla-element in the chromosomes of Ch. th.
piger is difficult, because all Cla-element-flanking
sequences are more or less also repetitive and hy-
bridize in situ to a number of different locations.
However, the subclone pBD 31, which contains the
leftmost region of pPC 170, hybridizes to only one
common site in the chromosomes of both subspe-
cies, suggesting that this might be the original lo-
cation of the whole sequence. A definite decision as
to where the pPC 170 clone comes from can be made
when the homologous region of the Ch. th. thummi
chromosomes is analyzed. If the Ch. th. thummi
homologous region contains the same structure of
sequences as found in pPC 170, we can be sure that
site C2g is the chromosomal origin.
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