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ABSTRACT We have isolated and characterized a dis-
persed middle repetitive DNA sequence from Drosophila
melanogaster that is concentrated on the euchromatic portion
of the X chromosome. In situ hybridization of the repeat unit
to salivary gland chromosomes shows the sequence is distrib-
uted among approximately 10 major and 20 minor X chromo-
somal sites. Based on DNA sequence analysis of homologous
sequences from three different cytogenetic regions, the 372-
base-pair repeat unit appears to be (A+T)-rich and noncoding
and shows strong sequence conservation among units from
different chromosomal regions. The nature and distribution of
this sequence are suggestive of the hypothetical X chromosome
DNA sequences thought to be involved in the primary estab-
lishment of sex determination and dosage compensation in
Drosophila.

The Drosophila genome consists of three kinetic compo-
nents, highly repetitive, middle repetitive, and unique DNA
(1). The middle repetitive fraction constitutes ~17% of the
total genomic DNA and includes the tandemly repeated
rRNA, 5S RNA, and histone genes. Most of the middle
repetitive DNA in Drosophila melanogaster, however, is not
tandemly repeated but rather is dispersed over the entire
genome (2). It is composed of at least 50-100 different
sequence families, each of which generally consists of 10-100
closely related sequences (2). The number of sequences
within a family seems to be conserved in different strains of
the species, but their chromosomal positions are highly
variable. In marked contrast, in this paper we describe a
dispersed middle repetitive family with repeats at chromo-
somal positioris that are conserved between strains. More
importantly, the repeat units are concentrated in the
euchromatic portion of the X chromosome. A functional link
between family members is suggested by the extensive
sequence homology found between repeats from different
chromosomal regions. The intriguing possibility that these
sequences may play a role in the primary establishment of sex
determination and dosage compensation in Drosophila is
considered.

MATERIALS AND METHODS

Preparation of Nucleic Acids. The Maniatis A bacteriophage
library of D. melanogaster genomic DNA (3) was screened
by in situ plaque hybridization (4) under low stringency
hybridization [4x SET (0.6 M NaCl/8 mM EDTA/0.12 M
Tris-HCl, pH 8), 43% formamide, 37°C] and wash conditions
(0.3 M NaCl/30 mM sodium citrate, pH 7, 37°C) with the
32p.labeled single-stranded RN A probe described in the text.
Phage from single plaques were purified from liquid cultures
by centrifugation in CsCl block gradients (5); phage DNA was
purified with NaDodSO,, proteinase K, and phenol. For
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smaller quantities, DNA was prepared from phage lysates
with RNase, NaDodSO,, and phenol.

Subclones were generated by inserting gel-purified restric-
tion fragments into the appropriate sites of the pGem-1 and
pGem-2 transcription vectors (Promega Biotec, Madison,
WI). Recombinant plasmids were used to transfect Esche-
richia coli HB101. To confirm their identity, alkaline mini-
preparations of plasmid subclones (6) were digested with
restriction endonucleases. The resultant fragments were
separated on agarose gels, transferred to nitrocellulose pa-
per, and probed with RNA transcripts prepared from
p112-2.3R DNA or its derivatives (see Fig. 2). Large-scale
plasmid preparations were made by modification of the
method outlined by Promega Biotec.

Fly or embryonic DNA was prepared by homogenizing
300-500 flies or 1 ml of embryos in S ml of buffer (0.1 M
NaCl/30 mM TrissHCl, pH 8.0/10 mM EDTA/7.7 mM
2-mercaptoethanol) containing 0.5% Triton X-100. Following
low-speed centrifugation (3000 rpm, 15 min) the pellet was
resuspended in extraction buffer (30 mM TrissHCl, pH
8.0/100 mM EDTA, 0.5 mg of proteinase K per ml) made 1%
in sarkosyl. After digestion overnight at 37°C, DNA was
purified by CsCl gradient centrifugation. Small quantities of
embryonic and salivary gland DNA were prepared from
sonicated tissues treated with RNase, proteinase K, and
phenol/chloroform.

Labeling Nucleic Acids. Nick-translation of DNA was
carried out as described by Maniatis et al. (6). For high-
specific-activity RNA probes, DNA cloned into pGem tran-
scription vectors was linearized and transcribed with SP6 or
T7 RNA polymerase as described by the supplier (Promega
Biotec). Transcripts were labeled by including 12 uM
[*?P]GTP in the transcription reaction mixture.

DNA Sequence Analysis. Drosophila DNA fragments
cloned into pGem transcription vectors were sequenced
according to the manufacturer’s protocols (Promega Biotec).
Briefly, linearized DNA was denatured, reannealed in the
presence of primers, and sequenced with DNA polymerase I
(Klenow fragment) by the dideoxy chain-termination method
(7). Reaction mixtures were analyzed on 4% and 8%
acrylamide gels containing 8 M urea.

In Situ Hybridization to Polytene Chromosomes. Polytene
chromosome squashes were prepared as described by Bon-
ner and Pardue (8). Hybridization with biotinylated probes
was carried out according to Enzo Biochemicals (New York).
DNA was nick-translated using Bio-11-dUTP (Bethesda
Research Laboratories) and single-stranded DNA transcripts
were synthesized using Bio-11-UTP (Bethesda Research
Laboratories). Signal detection was achieved by using a
streptavidinbiotinylated peroxidase complex (Enzo Biochem-
icals).

RESULTS

Isolation of Dispersed X Chromosome-Linked Sequences
Homologous to 7F Region Sequences. In previous studies on
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FiG. 1. Southern blot analysis of phage DNA. Phage DNA was
digested with EcoRlI, fractionated on 0.8% agarose gels, blotted onto
nitrocellulose, and hybridized with the 7F region subclone
p112-2.3R. The numbers on the right indicate the positions of A
HindIII molecular weight markers. Lanes: a, X8; b, X27; ¢, X18; d,
X26; e, X25; f, X30; g, X4; h, X12; and i, X16.

early eggshell gene expression in Drosophila we isolated
three independent cDNA clones complementary to follicle
cell RN As synthesized during stage 10 of oogenesis. Geriomic
clones complementary to one of the cloned cDNAs hybrid-
ized in situ to region 7F of the X chromosome. 7F has been
identified as a major chorion structural gene site (9). Unlike
other overlapping genomic clones from this region, one
genomic clone (112) hybridized to 8B in addition to 7F.
Comparison of the restriction maps of the overlapping 7F
region clones indicated that the 8B hybridization must be due
to homologous sequences within either the 3.2- or 2.3-
kilobase (kb) EcoRI restriction fragments just proximal to the
chorion gene cluster (10). Accordingly, these R1 fragments
were subcloned into pGem-2 transcription vectors, nick-
translated with biotinylated dUTP, and hybridized in situ to
polytene chromosomes. The 3.2 subclone hybridized only to
7F, whereas the 2.3 subclone (pl112-2.3R) gave signals at
three sites: 7E, 7F, and 8B (data not shown).

The comparable intensities of the p112-2.3R hybridization
signals at all three sites suggested extensive sequence ho-
mology within these regions. As afirst step in determining the
nature of these homologies we screened the Maniatis library
for genomic clones containing sequences complementary to
p112-2.3R. To increase the probability of recovering genomic
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clones from regions other than 7F, we used single-stranded
RNA probes and low stringency hybridization and wash
conditions. A 2.3-kb SP6 transcript made in vitro from
p112-2.3R was used to screen =50,000 plaques. Based on our
prior experiences, the probe hybridized to about 20 times the
number of plaques (125) expected for a single-copy sequence.
Fifteen positive plaques were picked at random for further
analysis. EcoRI restriction digests of the phage DNAs indi-
cated that we had isolated nine new independent nonoverlap-
ping clones. Southern blot analysis (11) showed that all nine
phage contained sequences homologous to p112-2.3R (Fig.
1). Though several phages showed more than one homolo-
gous fragment, five of the phages shared a 400-base-pair (bp)
hybridizable fragment.

To determine the cytogenetic location of the cloned se-
quences, the phage DN As were nick-translated using biotin-
ylated dUTP and hybridized in situ to salivary gland chro-
mosomes. All of the phage gave a primary hybridization
signal on the X chromosome (Fig. 2). In addition, several of
the phage gave secondary signals at 7E and 8B. Since the
primary hybridization signals were always on the X chromo-
some, these results strongly suggested that sequences ho-
mologous to p112-2.3R were dispersed but restricted to the X
chromosome.

Defining the Cloned Repeat Unit. To more closely define the
extent of the homologous region, double digests of p112-2.3R
were electrophoresed, transferred to nitrocellulose, and hy-
bridized with homologous sequences subcloned from three
different cytogenetic regions (11A, 13B, 11EF). Sequences
subcloned for probes included a 2.3-kb EcoRI fragment from
X25,a0.4-kb EcoRlI fragment from X12 (pX-12R, Fig. 2), and
a3.5-kb Pst I fragment from X30 (pX30P, Fig. 2) that included
all of the 7F homologous sequences contained in this genomic
clone. Hae III-EcoRI double digests of pl12-2.3 yielded
three Drosophila fragments: a 1200-bp Hae I1I fragment and
two EcoRI-Hae I1I fragments, 600 and 500 bp in length (Fig.
2). Independent Southern blots of the 112-2.3R double digests
hybridized with the subcloned probes from each of the three
cytogenetic regions (11A, 13B, 11EF) showed that only the
600-bp EcoRI-Hae 1II fragment contained homologous se-
quences.

To identify the basic repeat unit, sequences from three
different regions (7F, 11EF, 13B) were subcloned into pGem
transcription vectors, linearized, and sequenced from oppo-
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Fi1G. 2. Localization of p112-2.3R homologous sequences. (Upper) Recombinant phage DNAs (indicated below the line) were localized on
the X chromosome to cytogenetic regions denoted above the line. # indicates secondary hybridization sites associated with X4, X18, X12, X21,
X25, X30, and 112-2.3R. (Lower) Subcloned fragments from three regions (112, X30, X12) are expanded. The restriction sites used to generate
112 subclones included EcoRI (R), Hae 111 (H), and Alu 1 (A). EcoRI, Hae I11, and Pst I (P) were used to generate X30 subclones; only 0.4-kb
EcoRI fragments were subcloned from X12. The tandem arrangement of the 0.4-kb RI and Hae III units shown in pX30P is inferred from Southern

blot and sequencing data.
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site ends using the dideoxy chain-termination method. The
homologous portion of p112-0.6RH was reduced to a 400-bp
EcoRI-Alu I fragment (p112-0.4RA) by additional restriction
enzyme analyses and Southern blotting experiments. Most of
the homologous sequences in pX30P were reduced to 400-bp
fragments by either EcoRI (pX30P-0.4R) or Hae III (pX30P-
0.4H) cleavage (see Fig. 2). The DNA sequences of homol-
ogous subclones from 112, X30, and X12 are shown in Fig. 3.
Following manual alignment of the three sequences, a 372-bp
consensus sequence was derived. As is evident from Fig. 3,
a high percentage of each sequence (87-90%) matches the
consensus sequence. The DNA appears to be noncoding
since at least 2, and as many as 10, termination codons are
found in all six possible reading frames for all three se-
quences. The consensus sequence as a whole is (A+T)-rich
(72%) and is marked by several stretches of at least 6 bp that
are 100% A+T. Other than the 30-bp direct repeats indicated
in Fig. 3 (73% homologous) there are no distinctive indirect
repeats or regions of dyad symmetry. The sequences shown
represent a nonrandom subset of repeats since all were
generated by EcoRI digestion.

Our preliminary studies had shown that EcoRI and Hae 111
recognized the fundamental 372-repeat unit in pX30P. Follow-
ing double digestions with EcoRI and Hae III, most of the
homologous sequences were contained in 300-bp fragments.
Taken together these data suggested a tandem arrangement of
repeat units within pX30P such as that depicted in Fig. 2.
Sequence analysis of a Hae III subclone (pX-30-0.4H) (not
shown) confirmed the proposed sequence overlap and verified
that our consensus sequence represented an entire repeat unit.

Localization of the Repeat Unit on the X Chromosome. The
results from our phage screen strongly suggested that se-
quences homologous to the 7F region were confined to the X
chromosome. To confirm this finding the subcloned repeat
unit p112-0.4RA was hybridized to Oregon R salivary gland
chromosomes. Our previous studies had indicated that hy-
bridization signals using double-stranded biotinylated DNA
probes of <1 kb were difficult to detect. In an attempt to
increase the sensitivity of detection we synthesized a 400-bp
biotinylated SP6 RNA transcript in vitro. As shown in Fig.
4B, the RNA probe showed several sites with an intense
hybridization signal and several with a clearly discernible,
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albeit weaker, signal (bars). Other than one minor site on the
second chromosome, all signals were restricted to the
euchromatic portion of the X chromosome. The distribution
on the X chromosome was striking in that the proximal and
distal parts were devoid of signals. All sites were in the
midportion of the X chromosome between cytogenetic re-
gions 4 and 15. To test whether this distribution was char-
acteristic of another fly strain, the SP6 transcript was
hybridized in situ to Canton S polytene chromosomes rather
than Oregon R. The major sites of hybridization were
consistent with the Oregon R results and again no signals
were apparent in the most proximal and distal regions of the
X chromosome.

Although our in situ hybridization results indicated other-
wise, the possibility remained that some repeat units lie
within the heterochromatic regions of the autosomes since
centromeric heterochromatin is underreplicated in polytene
nuclei. Fig. 5 shows two lines of evidence that suggest that
most, if not all, of the repeat units are in euchromatic regions.
When fly genomic DNA was digested with restriction en-
zymes that failed to cut within the repeat unit (Pst I, HindIII),
8-10 distinct bands hybridized with the 112-0.4RA probe
(Fig. 5A). It is likely that these bands represent different
genomic regions since the repeat units in all of the genomic
clones shown in Fig. 2 were contained in single Pst I or
HindIII restriction fragments (data not shown). The close
correspondence between the number of major in situ hybrid-
ization sites (=10) and the number of bands in the genomic
digests is consistent with clustering of most of the repeat units
in the euchromatic portion of the X chromosome. The
semiquantitative dot blot data shown in Fig. 5B also suggest
that most of the repeat units lie in euchromatic regions.
Diploid embryonic DNA and DNA from polytene salivary
glands were dot blotted and hybridized to either the repeat
unit (112-0.4RA) or a single-copy X chromosome sequence
from region 3C (T. Burke and G.L.W., unpublished data). If
a significant number of repeat units is located in centromeric
heterochromatin, 112 sequences should be underrepresented
in salivary gland DNA. The upper portion of Fig. 5B shows
the relative amounts of 112 homologous sequences in the
embryonic (E) and salivary gland (SG) samples, whereas the
lower portion indicates the relative amounts of X chromo-

: 80

CCAAATTTAA ATGCAAATCG ATTTGG~ATT TAAAAAACAA ACTCAACGAG GTATGACATT CCATATTTGG GCCATTATTT

PL12-0.4RA - *kkkhkkkkk Xkhkkhhkkkhkk KkAXhkkkkk KTAKThR* Ak KAKXAKKh Kk XAKKRKKARK KAKKFARKRR THRTHRRRKIRXR
pX-12R o KKKRRKKRGK KAKKKKKKKR KAKKKKKIKR ARKKKAKRAKE KRRRARAAK] Ko KXXXKKAX AXXRRAKKA*® khkk ko kkks

px_30P_0.5R - *****C**** khkkkkkkhkhkk K_kkAkChkik% C********* khkkhkhhkhkkhkk khkkkkkkhkhkk khkhkhhkhhkhkk khkkkkhkhhkk
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TCAATGTTTT GATCAAAATA CCGAATA-TT TT-TTCACAA AAAATCAGGG AAACGANTTT TGG-CAAAAA NTNNAATATT
FRRRRFRRAR RERKTKKKKR KRXAKKKATHE KXKKKKARRE KAKKCORKKK] AXXXXXADAKK KAKKKXAAAR AXTThhkk k%

khkkhkkhkhkhhkk khkkhkkkkkkdh ****T***** **C***T*** t****T**** ******G**C c**c****** T-GC-*****
C**_****** C********* khkkkkhkhkhkk kkkpAkkkhkkk ******T*** kkk kPRI Rk X khkkkhkhkkkkk C*CA*T*_**
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TAAG-TT-GG TTTTTTKGGM TATAACTTGA CTAAAAATGG TCACAMAGCA A--AAAAT-A TTACCA-TTT NLTPCTCCTA
KARKKKAGA* KAKKKK_KkG XARKAAAKAK KAKKKAKRKK XXX hkKe k% KOTAKKAKXA® KXk XkTARkd GokGhhhddk
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ATAACCAATA CTAACCACCC CTTTCACTTT TTAA-CGGAT TTTGTAAAAT T-AATTTTTG GCCAAATTTT CGCATTTTTT
KAPAKARNKK XKKKTAKTHR KCAXKAAKK, KKQGRXAKKXC KXKAAXARKS: XXAXKKRKKE CRARXARKKR KARKKRKKEX
SRKKRDKRKE ARKKRKIKAR KARKARR_ KK AKKKARKKRE AAAKAhAkhd AhRKhRAARh AAAkAhkhhk® kA h Kk kA Xk
Khkkkhhkhhkk KAKAKARAKE KAKKKKRKKK KAKKAKKDAAR AXAXAKARAK ATAKARKKAK KkAkAkkhhhkh *hkkkkkkhhx

372

GTAAGGGGTA ACATCATJAA AATTTGCAAA AAATTGAAAA AANCTAGAPT TC
FARTRhkKkhk KA _KkAkXChk *XXXXDPDRAX KAXKGOCK* * XXANXXAKRGH Xk

T********* C******A** khkkkhkhkkkkk kkkkkkkkkk **T*****A* * %
hhkhkhkhRK_ Kk KA AXAKeek Kk AR I AAE Ak kA hk kA k& *Tc*****-* * %

FiGc. 3. Nucleotide sequence of the X chromosome repeat unit. The DNA sequences of homologous sequences from three different
cytogenetic regions are shown (p112-0.4RA, pX-12R, pX-30P-04.R). The top line represents the consensus sequence. Identical nucleotides are
represented by asterisks; 1-bp gaps in the consensus sequence are represented by dashes. The underlined regions indicate direct repeats found
within the consensus sequence that share 73% homology over a 30-bp region. N =C, T, A,orG;P=AorG;K=TorG;M=CorG; L

=AorT;J=AorC)
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FiG. 4. Cytogenetic distribution of sequences homologous to
pl112-0.4RA. Biotinylated RNA was synthesized from linearized
p112-0.4RA DNA with SP6 polymerase and hybridized to salivary
gland chromosomes prepared from third-instar Oregon R larvae. (A)
Peroxidase reaction signals superimposed upon the Giemsa-stained
chromosome banding pattern. (B) Giemsa signals shown in A have
been selectively reduced with a blue filter to facilitate visualization
of the orange-brown peroxidase signals. Examples of some of the less
intense hybridization signals are indicated by the bars. The arrows in
B and C show the position of the most proximal X chromosome signal
at 14A. (C) An independent spread of the region of intense hybrid-
ization shown between the arrowheads in B. The tip of the X
chromosome is marked by the X in all three panels. The minor
autosomal peroxidase signal in region 26A of the second chromo-
some can be seen in the upper righthand corner of B.

some DNA. The comparable ratios of SG:E sequences with
both probes indicate that most repeat units reside in euchro-
matic regions.

Repeat Unit Copy Number. To estimate the number of
copies of the repeat unit per haploid genome a Southern
blotting experiment was performed. Known quantities of
DNA from adult females were digested with either EcoRI or
Hae 111, electrophoresed, transferred to nitrocellulose, and
hybridized with p112-0.4RA. To, estimate copy number, the
strength of the hybridization signal was compared with that
of known amounts of the pX-12R repeat unit (Fig. 2). The
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FiG. 5. Analysis of DNA from diploid and polytene tissue. (A)
Five micrograms of embryo DNA was digested with Pst I (P) or
HindIII (H), electrophoresed in 0.8% agarose, transferred to nitro-
cellulose, and hybridized with 32P-labeled SP6 transcripts made from
p112-0.4RA template DNA. (B) Serial dilutions of DNA from salivary
gland tissue (SG) or two independent embryonic DNA preparations
(E) were spotted onto nitrocellulose and hybridized with 3?P-labeled
SP6 transcripts made from either p112-0.4RA DNA (upper) or
single-copy DNA subcloned from region 3C of the X chromosome
(lower). Filters were hybridized at low stringency and washed in 0.3
M NaCl/30 mM sodium citrate, pH 7, at 37°C or 68°C for thé 112 and
3C series, respectively. Five times more DNA (25-200 ng) was
spotted in the 3C than the 112 series (5-40 ng).

range of plasmid DNA used corresponded to the amounts of
insert expected for 25-500 copies of the repeat unit per
haploid genome. The existence of a small ladder of hybrid-
izing fragments in the complete Hae III digest shown in Fig.
6, lane G (400, 800, 1200 bp), suggests that some of the repeat
units are organized into tandem arrays in which the Hae III
restriction site has been lost. The intensity of hybridization to
higher molecular weight DNA in the EcoRI lane (lane F)
suggests more limited conservation of EcoRI sites in the
repeat units. Based on integration of the hybridization signals
in the Hae III digest, we estimate there are 300-400 copies
of the repeat unit per haploid genome. A similar copy number
was estimated in a similar Southern blot experiment using
pX30P-0.4R as probe.

DISCUSSION

In this paper we have reported the cloning and characteriza-
tion of a family of dispersed repeated DNA sequences
concentrated on the X chromosome in D. melanogaster.
Approximately 300-400 copies of the repeat urit are distrib-
uted between cytogenetic regions 4 and 14A. The most
striking feature of this repeated sequence family is its virtual
confinement to the euchromatic portion of the X chromo-
some. Reports of other chromosome-specific sequences in
eukaryotes are limited. Kunkel et al. (12, 13) have reported
Y-specific repeated sequences on the human Y chromosome
and Tone et al. (14) have reported 2 W-specific repetitive
sequences in domestic fowl. The W chromosome in birds and
the Y chromosome in mammals are largely heterochromatic
in somatic cells. The sex chromosomal localization of these
repetitive elements implies a possible role in heterochroma-
tization. A repeated gene family localized primarily in the
pericentric region of the human X chromosome has been
reported by three groups (15-17). In Drosophila, Bkm-related
sequences are localized on the X chromosome (18). Unlike
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Fi1G. 6. Estimation of copy number. Four and one-half micro-
grams of DNA from Oregon R flies was digested with EcoRI.(lane F)
or Hae I1I (lane G), electrophoresed in 1.5% agarose, transferred to
nitrocellulose, and hybridized with 32P-labeled SP6 RNA transcripts
made from p112-0.4RA template DNA. Different amounts of EcoRI-
digested pX-12R DNA corresponding to 500, 250, 125, 67, and 34
copies of the 372-bp repeat unit per haploid genome are shown in
lanes A-E, respectively. The upper band represents hybridization to
plasmid vector sequences, whereas the lower band represents
hybridization to the repeat unit. Hybridization to the vector se-
quences indicates that uncut templates were included in the SP6
transcription reaction. Signal strengths were quantified with a
computer-assisted image processing system (DDA/Spatial Data
Systems, Melbourne, FL).

the sequences reported in this paper, cloned Bkm DNA
sequences consist of a simple tetranucleotide repeat, GATA,
and are concentrated in the proximal region of the X

chromosome (19).
Recent models on the primary establishment of sex deter-

mination and dosage compensation in Drosophila have pos-
tulated the existence of multiple copies of noncoding DNA
sequences on the X chromosome (20, 21). In Drosophila sex
and dosage compensation are determined by the ratio of the
number of X chromosomes to the number of sets of
autosomes (X/A ratio) (22). Genotypes with an X/A = 1.0
are female, those with ratios = 0.5 are male, and animals with
intermediate ratios are sexual mosaics composed of male and
female cells (reviewed in ref. 23). The X/A ratio is believed
to act through an X-chromosome-linked control gene, Sx/,
that exerts two functions (24, 25). High levels of SxI expres-
sion dictate the female pathway of sexual differentiation as
well as a low transcription rate for X-chromosome-linked
genes. Low levels of Sx/ activity result in the male pathway
and a high X chromosome transcription rate. Based on
genetic analyses of sex-determining genes, Chandra and
colleagues (20) have formulated a model on how the state of
activity of the Sx/locus can be related to the X/A ratio. There
are three essential features of the model: (/) multiple sex-
determining but noncoding sequences on the X chromosome
provide high-affinity binding sites () for a repressor (R) of
SxI function, (i) the Sx/ gene binds R with low affinity, and
(@ii) R is an autosomal gene product present in equal but
limited amounts in female and male embryos. In females the
() sites on the two X chromosomes bind all R molecules,
leaving SxI accessible for transcription. In males, with half
the number of (#) sites there is a surplus of R molecules
available for binding at Sx/, thereby preventing its transcrip-
tion.

Indirect evidence for the multiplicity of sex-determining
sequences on the X chromosome comes from early studies on
triploid intersexes (26, 27). Triploid intersexes (X/A = 0.67)
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display a mosaic phenotype of male and female cells. Addi-
tion of X chromosome duplications (i.e., X/A — 1.0) led to
feminization; deletions (X/A — 0.5) led to masculinization.
The effect was proportional to the size of the duplication or
deletion and was independent of chromosomal region. These
results suggested a purely quantitative effect compatible with
several sex-determining sequences scattered along the X
chromosome. Recent observations on the effects of X chro-
mosomal aneuploidy on the X transcription rate are also
consistent with the hypothesis that elements involved in the
primary establishment of dosage compensation are located
throughout the X chromosome (28-30).

Although function is clearly speculative at this stage, the
noncoding nature of our sequence (XDm), its concentration
on the X chromosome, and its strong sequence conservation
at dispersed chromosomal sites are all reminiscent of
Chandra’s hypothetical sex-determining sequences. Stein-
mann-Zwicky and Nothiger have reported sequences local-
ized in the distal region of the X chromosome with a strong
feminizing effect (31) that challenges this traditional view of
multiple female-determining factors distributed throughout
the entire chromosome. However, unlike these localized
sequences that appear to be necessary for proper Sx/ acti-
vation, we suggest that our XDm sequences might be in-
volved in assessing the X/A ratio.
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