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Deletions of specific DNA sequences are known to occur in Tetrahymena thermophila as a developmentally
regulated process. Deletions of a particular region (region M) were previously shown to be of two alternative
sizes, 0.6 or 0.9 kilobases (kb) (C. F. Austerberry, C. D. Allis, and M.-C. Yao, Proc. Natl. Acad. Sci. USA 81:
7383-7387). In this study, the nucleotide sequences for both deletions were determined. These two deletions
share the same right junction, but their left junctions are 0.3 kb apart. An 8-base-pair (bp) sequence is present
at both junctions of the 0.6-kb deletion, but only 5 bp of this direct repeat are present at the left junction of
the 0.9-kb deletion. Further comparison revealed a common 10-bp sequence near each of the two left junctions
and a similar sequence in inverted orientation near the right junction. These sequences may play a role in the

developmental regulation of the deletion process.

Elimination of germ line-specific sequences from develop-
ing somatic nuclei, which was first observed (as ‘‘chromatin
diminution’’) a century ago (10), has now been shown to
occur in several species of organisms (reviewed in refer-
ences 2, 3, 8,9, 11, 22, 29, and 30). In the holotrichous ciliate
Tetrahymena thermophila, 10 to 20% of the DNA sequences
in the micronucleus (germ line nucleus) are selectively
eliminated (35) from the somatic macronucleus (16). Most of
this elimination is the result of internal deletion (12, 34, 36),
which occurs in more than 5,000 specific DNA segments
during a 2-h period of differentiation (4, 34).

We have previously cloned and analyzed the DNAs con-
taining two neighboring deletion sites in T. thermophila
which we have named region R and region M (4, 5, 34).
Deletion in region R consistently eliminates 1.1 kilobases
(kb) of DNA; the sequences in this region are the only such
sequences in T. thermophila reported to date (5). A surpris-
ing result from these studies was the absence of obvious
sequence structures at or near the deletion junctions that
might appear to be sufficient to account for the high effi-
ciency and site specificity of this deletion (4, 5).

To further understand DNA deletions we have character-
ized the sequence structure of the deletion in region M.
Unlike the deletion in region R, this deletion occurs in two
alternative ways, eliminating either 0.6 or 0.9 kb of DNA (4).
Alternative DNA deletions have also been suggested for
several other T. thermophila DNAs (19, 31). Analysis of the
region M sequence should provide not only a second exam-
ple of a sequence involved in deletion in T. thermophila but
also the molecular basis for alternative DNA deletions.

To rule out the possibility that heterozygous alleles in the
germ line are responsible for generating the two alternatively
sized deletions in region M, we established cell lines with
homozygous genomes from individual progeny (caryonides)
of the second round of genomic exclusion matings (CU427 or
CU428 x A*III) (1). Southern blots (28) of HindIII-digested
DNAs of these caryonidal lines were hybridized with labeled
region M DNA fragments (Fig. 1) as probes. A total of 40
caryonides from 10 mated pairs were analyzed; results from
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two sets of caryonides are shown in Fig. 2. The majority of
the caryonides (34 of 40, or 85%) contained both the 1.9- and
2.2-kb HindlIll fragments that were previously found to be
produced from the micronuclear 2.8-kb fragment by either a
0.9- or a 0.6-kb deletion, respectively (4).Thus, the alterna-
tively sized deletions in region M must reflect epigenetic
variability inherent in the deletion process itself.

Region M DNA has been cloned from both the micronu-
clear and macronuclear genomes of inbred strain B1868-1V
(4, 5, 34), which contains only the product of the 0.9-kb
deletion (4). The micronuclear DNA (1.3 kb) and the corre-
sponding macronuclear DNA (0.4 kb) were sequenced,
encompassing the 0.9-kb deletion entirely. Macronuclear
DNA clones containing the alternative 0.6-kb deletion prod-
uct were isolated from the postassortment subcaryonidal line
427-1a-7. DNA (0.7 kb) from one of these clones (TtE4-3)
was sequenced (Fig. 1).

The micronuclear sequence includes a 908-base-pair (bp)
segment (bases 239 through 1146 in Fig. 1) which is not
present in the macronuclear sequence of strain B1868-1V and
a 592-bp segment (bases 553 through 1144 in Fig. 1) which is
not present in the macronuclear sequence of the subcaryo-
nidal line 427-1a-7, agreeing well with the expected sizes of
deletions. The 5’ ends of the 0.6- and 0.9-kb deletions are 0.3
kb apart, and both deletions have the same 3’ end. The
macro- and micronuclear sequences are otherwise identical,
indicating the absence of other rearrangements. It seems
unlikely that the deletions destroy or create protein-coding
regions. Known protein-coding sequences in T. thermophila
are <60% A+T (6, 13, 17, 18, 24, 33), while the sequenced
DNAs from region M are rather uniformly A+T rich, ranging
from 76 to 85% A+T.

All three deletion junctions contain the 5-bp sequence
5'-TAATT-3’ arranged in the same orientation. In the case of
the 0.6-kb deletion, the repeat is expanded to 8 bp as
5'-AATAATTG-3' (Fig. 1 and 3). In both cases exactly one
copy of the repeated sequence is retained in the macronu-
clear DNAs. Other than the short direct repeats, sequences
in the immediate vicinity of the deletion junctions are not
related to one another in any obvious way. These results
were remarkably similar to those found for region R, in
which the deletion is bounded by the 6-bp direct repeat
5'-TAAACA-3' (5). Thus, a short direct repeat appears to be
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FIG. 1. Nucleotide sequence of region M DNA. The top panel shows the three recombinant phage clones from which the DNA sequences
were determined. Only the relevant portions of each clone are shown, from the Hpall site defined as the left boundary of region M to a HindIII
site in region R (the Hhal site is defined as the right boundary of region M; see reference 4). Clones cTt455 and cTt1110 contain micronuclear
and macronuclear DN As, respectively, from strain B1868-IV (4, 5). Clone TtE4-3 contains macronuclear DNA from another strain (427-1a-7)
containing the product of the 0.6-kb deletion in region M. Fragments of these cloned DNAs were subcloned in pEMBLS8™ (14) for sequencing.
Solid bars indicate DNA found in all three clones, hatched bars indicate DNA found in c¢Tt455 and TtE4-3 only (i.e., sequences eliminated
by the 0.9-kb deletion but not by the 0.6-kb deletion), and the open bar in cTt455 indicates DNA found only in this clone (i.e., DNA eliminated
by both the 0.6- and 0.9-kb deletions). Arrows above each clone represent the sequencing strategy. Arrows originating above restriction sites
represent either chemical cleavage sequencing (7, 23) or enzymatic sequencing (14, 27, 32) with universal primers or both. Arrows originating
above points other than restriction sites represent enzymatic sequencing with specific primers hybridized with T. thermophila sequences at
those points. The lines beneath the cTt1110 clone indicate the fragments of this clone used as hybridization probes. All regions were
sequenced multiply, usually by different methods or with different DNA strands. The bottom panel shows the sequences determined; the
entire sequence shown is present in micronuclear clone cTt455. The doubly-underlined sequence is present uninterrupted in macronuclear
clone cTt1110. The doubly and singly underlined sequences are both present uninterrupted in macronuclear clone TtE4-3. The sequence not
underlined is present only in micronuclear clone cTt455. The three sequences with wavy underlining are terminal direct repeats at the deletion
junctions, one copy of which is present in each of the two macronuclear clones (see the text). Abbreviations: B, Bg/ll; Hd, HindIII; He,
Haelll; Hf, Hinfl; Hh, Hhal; Hp, Hpall; X, Xbal.

the only clear feature associated with the DNA deletion process. There are 13 additional S’-TAATT-3’ pentanucleo-
junctions in T. thermophila. This particular feature is also tides scattered in the sequenced region M DNA on the same
shared by the distantly related hypotrichs (20, 25). Although strand, and none of them appears to be used as a deletion
the direct repeats likely play a role in the deletions, they are  junction at a significant rate (unpublished observations).

clearly not sufficient to account for the site specificity of the It is clear that other sequence structures besides the short
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FIG. 2. Alternatively sized DNA deletions in region M in caryo-
nides of genomic exclusion matings. Whole-cell DNAs (2 to 5 ug)
from vegetative cultures of caryonidal lines produced by a genomic
exclusion mating (CU427 x A*III, round 2) were digested with
Hindlll, fractionated by agarose gel electrophoresis, and blotted
onto a nylon filter. The filter was hybridized with ca. 2 X 10° dpm of
a nick-translated (26) HindIII-Xbal region M fragment (Fig. 1) per
ml under standard conditions (5) and exposed for 2 days. Caryonides
in lanes 1 to 4 are from one mating pair of cells, as are the caryonides
in lanes S to 8. The numbers on the left indicate DNA fragment sizes
in kilobases. The 2.2- and 1.9-kb bands represent products of the
0.6- and 0.9-kb deletions, respectively. The micronuclear (nonrear-
ranged) region M HindIII fragment is 2.8 kb. A band of this size is
normally only barely detectable, owing to the small amount of
micronuclear DNA relative to macronuclear DNA in T. thermo-
phila.

direct repeat must exist to help determine the specificity of
the deletion. The existence of two alternative left junctions,
both capable of joining to the same right junction, provided
a unique opportunity for finding such sequences. We noted
similar 22- to 24-bp stretches of DNA sequence beginning 30
to 40 bp to the left of both junctions (Fig. 3). These sequence
stretches are unusual for two reasons. First, they exhibit a
biased (9:1) purine/pyrimidine ratio between the DNA
strands. Second, within both stretches, a 10-bp sequence
(5'-AAAAAGGGGG-3') is perfectly conserved (Fig. 3). In-
terestingly, a stretch of similar sequence is found beginning
25 bp to the right of the common right deletion junction but
in an inverted orientation (Fig. 3). The purine/pyrimidine
ratio is again extremely biased (2 of 28 bases are purine), and
the 10-bp sequence is also present but contains one base-pair
mismatch (Fig. 3). Homopurine stretches have been found in
the promoter regions of many eucaryotic genes (reviewed in
reference 15) and are known to have specific effects on local
DNA conformation in vitro (21). These sequences may play
an important role in deletions. It is possible that they serve
as recognition sequences for DNA-binding proteins or have
an effect on chromatin structure at or near the region M
deletion junctions. In this sense, the specificity of the
deletion site may be established through two components: a
homopurine stretch which specifies a region and the direct
repeat which pinpoints the site within this region at which
the deletions occur. Comparisons of the region R and region
M DNA sequences with computer-generated matrices failed
to detect significant identities (unpublished observations). It
is likely that there are several classes of deletions in T.
thermophila, each specified by a particular flanking se-
quence, terminal direct repeats, and enzymes involved in the
deletions. Further characterization of other deletion junc-
tions will hopefully elucidate this point.
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FIG. 3. Sequence features near deletion junctions in region M. Sequences near and including the deletion junctions identified in Fig. 1 are shown as

found in clones cTt1110 (top), cTt455 (middle), and TtE4-3 (bottom). Brackets enclose the terminal direct repeats, one copy of which is eliminated as the
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result of each deletion. The homopurine stretches outside of each deleted region are underlined. The rectangles enclose the 10-nucleotide common

sequence outside of the two left junctions and the similar sequence outside of the right junction. mac, Macronuclear; mic, micronuclear.
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