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We recently have identified a ubiquitously transcribed
mouse Y chromosome gene, Utly, which encodes a
tetratricopeptide repeat (TPR) protein. A peptide
derived from the UTY protein confers H-Y antigenicity

on male cells. Here we report the characterization of a
widely transcribed X-linked homologue of Uty, called
Utx, which maps to the proximal region of the mouse X
chromosome and which detects a human X-linked
homologue at Xpl11.2. Given that Uty is ubiquitously
transcribed, we assayed for  Utx expression from the
inactive X chromosome (Xi) in mice and found that Utx
escapes X chromosome inactivation. Only Smcex and
the pseudoautosomal Sts gene on the mouse X
chromosome have been reported previously to escape
inactivation. The human UTXgene was also found to be
expressed from Xi. We discuss the significance of these
data for our understanding of dosage compensation of
X=Y homologous genes in humans and mice.

INTRODUCTION

inactivation. Only a single copy of most X-linked genes is
required for normal female development, and males thus have an
extra, superfluous copy of any Y-linked gene which may diverge
from the X-linked copy. Those few genes that escape X
chromosome inactivation are predicted to have a widely
expressed, functionally equivalent Y-linked homologue. There
are, however, exceptions to this prediction (reviewed inljef.
Another complication is presented by the observed phenotypic
difference between mice with an XO genotype and 45,X humans.
In humans, 99% of 45,X embryos die uterqg and those
females that survive exhibit Turner stigmatzy). In mice, only
35% of XO individuals dién uterg and XO adult females, whilst
exhibiting some reproductive deficiencies such as shortened
reproductive lifespan and reduced litter size, are fertile and near
normal phenotypically4-6). The impact of X monosomy on
viability and development has been attributed to the dosage
deficiency of a gene or genes on the X chromosome which are
normally expressed from both copies of the X chromosome and
which are supplemented by functionally equivalent Y-linked
homologues in maleg 8). To date, 17 genes localized to both the
pseudoautosomal region and the X-specific portion of the X
chromosome have been shown to be expressed from the inactive
human X chromosomed), Only two murine X-linked genes
which escape X inactivation have been descriBeadcxin the

The mammalian Y chromosome contains genes essential for matdique region 10,11) and Stsin the pseudoautosomal region
development, most notably the testis determining §¢and (12). This discrepancy between mice and humans in the number
genes active during spermatogenesis. The observation that maisgenes known to escape X inactivation has been used to explain
Y-linked genes share an X-linked homologue has led to thtbe difference in viability of XO embryos between the two species
widely held view that the mammalian Y chromosome represen43). The validity of this explanation clearly depends on how

a small subset of genes originating from the X chromosome, thisany additional mouse X-linked genes are shown to escape X
subset varying somewhat from species to species. In this viewactivation.

Y-linked genes are in a dynamic state of degradation, resulting inWe recently have described a mouse Y-linked détyewhich
eventual loss, unless conserved due to their acquisition fwidely expressed and encodes a tetratricopeptide repeat (TPR)
male-specific functionslj. One potential driving force behind protein (L4). TPR motifs are found in a variety of functionally
this evolution of the Y chromosome is X chromosomedistinct proteins and are believed to mediate protein—protein
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» <+ B 3E) 51 QRYYSLQSDY WKNAAFLYGL GLVYFHYNAF QWAIKAFQEV LYVDPSFCRA

- 101 KEIHLRLGLM FKVNTDYESS LKHFQLALVD CNPCTLSNAE IQFHIAHLYE

(1.1N) R64076 151 TQRKYHSAKE AYEQLLQTEN LSAQVKATIL QQLGWMHHTV DLLGDKATKE

Z ; 201 SYATQYLQKS LEADPNSGQS WYFLGRCYSS IGKVQDAFIS YRQSIDKSEA

4.2) 251 SADTWCSIGV LYQQQONQPMD ALQAYICAVQ LDHGHAAAWM DLGTLYESCN

301 QPQDAIKCYL NATRSKNCSN TSGLAARIKY LQAQLCNLPQ GSLONKTKLL

1kb 351 PSIEEAWSLP IPAELTSRQG AMNTAQQNTS DNWSGGNAPP PVEQQTHSWC

| 401 LTPOKLQHLE QLRANRNNLN PAQKLMLEQL ESQFVLMQQH QMRQTGVAQV

451 RPTGILNGPT VDSSLPTNSV SGQQPQLPLT RMPSVSQPGV HTACPRQTLA

501 NGPFSAGHVP CSTSRTLGST DTVLIGNNHV TGSGSNGNVP YLQRNAPTLP

551 HNRTNLTSST EEPWKNQLSN STQGLHKGPS SHLAGPNGER PLSSTGPSQH

601 LQAAGSGIQON QNGHPTLPSN SVTQGAALNH LSSHTATSGG QQGITLTKES

651 KPSGNTLTVP ETSRQTGETP NSTASVEGLP NHVHQVMADA VCSPSHGDSK

701 SPGLLSSDNP QLSALLMGKA NNNVGPGTCD KVNNIHPTVH TKTDNSVASS

751 PSSAISTATP SPKSTEQTTT NSVTSLNSPH SGLHTINGEG MEESQSPIKT

C 801 DLLLVSHRPS PQIIPSMSVS IYPSSAEVLK ACRNLGKNGL SNSSILLDKC

A B 851 PPPRPPSSPY PPLPKDKLNP PTPSIYLENK RDAFFPPLHQ FCTNPNNPVT

nu = 87 nu =66 nu = 86 901 VIRGLAGALK LDLGLFSTKT LVEANNEHMV EVRTQLLQPA DENWDPTGTK

oo = 93 oo = 62 oo =93 951 KIWHCESNRS HTTIAKYAQY QASSFQESLR EENEKRSHHK DHSDSESTSS

<« »< 1001 DNSGKRRKGP FKTIKFGTNI DLSDDKKWKL QLHELTKLPA FVRVVSAGNL

Ufy Y 1051 LSHVGHTILG MNTVQLYMKV PGSRTPGHQE NNNFCSVNIN IGPGDCEWFV

U 1101 VPEGYWGVLN DFCEKNNLNF LMGSWWPNLE DLYEANVPVY RFIQRPGDLV

tx A~7 1151 WINAGTVHWV QATGWCNNIA WNVGPLTACQ YKLAVERYEW NKLONVKSIV

1kb 1201 PMVHLSWNMA RNIKVSDPKI, FEMIKYCLLR TLKQCQTLRE ALIAAGKEIT

1251 WHGRTKEEPA HYCSICEVEV FDLLFVTNES NSRKTYIVHC QDCARKTSGN
1301 LENFVVLEQY KMEDLMQVYD QFTLAPPLPS ASS

Figure 1. Isolation and characterization of mousis. (a) Isolation of mousé&Jtx cDNAs. Screening of mouse embryonic cDNA libraries resulted in the isolation
of four Utx cDNA clones. The relative positions and sizes of these are indicated. Clones 1C and 1E diffef &riinéii,3liverging at a position (indicated by the
broken line in clone 1C) shortly before in-frame stop codons in both clones (marked by asterisks). Clone 1.1N contaiosadris@dip of sequence (indicated

by the triangle) not found in 1E or 4.2. This does not disrupt the ORF. RT-PCR across this region confirms the exisiaratesefspticing products (data not shown).
The region of clone 1E encoding the TPR domain is boxed. The primers used tdtstexiyression (Utx-12, -13) are indicated as arrows. The region of clone 1E
corresponding to human EST R64076 is also indicat¢dPrédicted protein sequence of i gene product. The translated 4001 bp ORF of clone 1E is shown.
The eight TPR motifs are underlined; the last four are contiguous. Two potential nuclear localization signals (aminouasid @&€1008 and 1026—1029,
respectively) are shown in italicg) Sequence comparisondfy andUtx. A diagrammatic representation is shown of the alignment of the ORFg afidUtx.

The ORFs have been divided into three segments on the basis of their similarity. Segments are as fdtiowsléotides 39-1398)tx 1-1146; BUty nucleotides
1396-2120Utx 1147-2414; CUty nucleotides 2121-3558)tx 2415-4001. The nucleotide (nu) identities and amino acidl §imilarities are shown above each
segment. The region of relative divergence is marked with a bold liné)tkispecific region (nucleotides 1229-1756) is indicated by a non-aligned segment, and
the region corresponding to the TPR domain is marked by a shaded box.

interaction (5). The 5.5 klJty transcript encodes an 1186 amino DNA samples from progeny of an interspecific backcross, previous-
acid protein with eight TPR motifs at its N-terminus. Here wdy typed for a range of X-linked markers7. A single hybridizing
describe the isolation of an X-linked homologue of this gendragment was detected, differing in size between the two species
calledUtx (ubiquitously-transcribed PR gene on the ¥hromo-  [Mus musculufC57BL/6) = 8.5 kb antflus spretus: 7.5 kb] (data
some), which is expressed from the inactive X chromosome imot shown). Haplotype analysis of 50 backcross progeny mice
both mice and humans. positions the gene between the X-linked markexs/it50 (3/50
recombinants, 6 3.3 cM) andDXMit72 (2/50 recombinants,
4+2.8cM) in the proximal region of the mouse X chromosome
(Fig. 2a). In order to obtain a localization with respect to known
genes in the proximal region of the mouse X chromosome,
segregation of 1.1N was also analysed in 24 interspecific backcross

We previously have described the detection of presumptiv&ogeny mice already typed for the ge@és UbelxandHprt and
X-linked restriction fragments by Southern analysis of male (XYknown to harbour recombination breakpoints between thién (
and female (XX) genomic DNA with Bty probe (4). Two aplotype analysis of these recombinant mice shdtetb map
mouse embryo cDNA libraries were screened Wighprobes in ~ betweenOtc andUbelx(data not shown). Extrapolating from the
order to isolate the X-linked transcript, and four overlappind/o sets of mapping datdx can be positioned in a small interval
cDNAs were obtained (Fi@a). The single, 4001 bp open readingon the mouse X chromosome proximalUbelxand distal to
frame (ORF) Of the |argesttx cDNA (1E) remains open at the markelDXMlt72 (F|g 2b) .Th|S |nterVa| contains the mal’kMaoa
5' end. We have been unable to isolate more of the transcript 8jdMaoh and places)tx in band A2-A3 {9).
conventional methods such as library screening and RACE-PCR.
However, comparison with the ORFs of muridey and the  Eypression
recently reported humatiT X gene {6) suggests that only some
200 bp of ORF at the Bnd remains to be cloned. TH&x ORF  Reverse-transcriptase polymerase chain reaction (RT-PCR) with
is predicted to encode a member of the TPR protein family (Figtx-specific primers yielded a product in all male and female
1b), exhibiting strong similarity tbity at the both the nucleotide tissues tested in 13.5 days post-coifdpt) mouse embryos (Fig.
and amino acid level (Fidc). 3a). Northern analysis of female mouse poly(RNA samples

In order to confirm the chromosomal origin of thie transcript,  using cDNA clone 1.1N detected a transcript of 5.0-5.5 kb in
aUtx cDNA clone (1.1N) was hybridized ¥ad-digested genomic  several adult tissues (Figp).

RESULTS

Isolation and mapping ofUtx cDNAs
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Figure 3. Expression of murin®tx. (@) RT-PCR withUtx-specific primers

gives a 460 bp product in every male and female fetal tissue tested. RNA was

— Smex derived from pooled tissues from 13.5 dpc fetuses (C3H/101 F1 animals). PCR

Pdhat (35 cycles) was performed with total RNA, both with (+) and without (-)
reverse transcription, from the following tissues: brain (B), heart (H), lung (N),
liver (L), gut (G), forelimb (F), kidney (K), ovary (O) and testis (T). The first
track contains markerd)Hybridization ofUtx clone 1.1N to poly(A) RNA
from three adult female tissues reveals a transcripb & kb. No significant

Sts variation in transcript levels is apparent. Loading was controlled by hybridiza-
tion with af3-actin probe (data not shown). Autoradiographic exposure was for
3 days.

Figure 2. Genetic mapping dftx on the mouse X chromosoma) Haplotype

analysis of 50 interspecific backcross animals previously typed for X-linked

markers (17). Each solid box representd/espretusallele, each open box an

M.musculus(C57BL/6) allele. Numbers beneath each column indicate the Database searches with thdx seqguence identify other

number of mice in each recombinant class. Minimization of double recombi- i i
members of the TPR protein family, the best match to a gene
locationldti h keBXMit72 andDXMit50. . : y
nants suggests a locationudtk between the marke@XMit72 andDXMIt50. Jproduct of known function being the yeast glucose repressor

(b) Genetic map of the mouse X chromosome indicating the relative position . . o .
of theDXMit72-DXMit50interval and the anchor lokiprt, Ube1XandOtcin protein, Ssn6pX0), which acts as a transcriptional repressor. This

the proximal region. The distal segment of the map also shows the position dbest match is identical to that previously describedUfgi(14).
the two genes previously shown to escape X inactivation in the n®mss,
(10) and the pseudoaotosomal géts12). The distance betweklprt andPlp .
is (B8 cM (19). Conservation ofUTX on the human X chromosome
In order to identify an X-linked human homologue dtX,
primers were designed (hUTX-1 and hUTX-2) from the sequence
; ; of a human expressed sequence tag (EST; R64076) which shows
Predicted protein product of Utx 95% identity at the nucleotide level to murid&x. An RT-PCR
The predictedJtx gene product shows strong similarity to theproduct, derived from human female fibroblast cDNA using these
predicted product of the moukky gene {4). Figurelc shows primers, was used in Southern analysis of a panel of rodent—
an alignment of the ORFs bftx andUty, indicating a central human somatic cell hybrids carrying derivative X chromosomes
region of divergence between the two genes where similarifgata not shown) his hybridization analysis indicated a location
drops to[66%, at both the nucleotide and amino acid ldyed. at Xp11.23—Xp11.3 between the t75-2ma-1b and SIN76 break-
andUty share strong homology outside of the variant region (Figpoints @1). To confirm this localization of humddTX, high
1c). In addition, a region afb00 bp of the 4kltx ORF appears density cosmid filter arrays from a flow-sorted X chromosome
to have no equivalent in thty composite cDNA described4).  library (22,23) were then screened with mouse cDNA clone 4.2
RT-PCR employing primers in this region was used to confirnfFig. 1a). A single positive cosmid was isolated and mapped by
that it is exonic and not a contaminating intron (data not showrfjuorescentin situ hybridization (FISH) on normal human
This region is conserved in the humanX cDNA (16). metaphase spreads to Xp11.2 (data not shown).
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A human Y-linked homologue SHOXgene 83), the gene(s) responsible for Turner syndrome
. _ _have not been identifiet TX maps to a region of the human X
Southern analysis of male and female human genomic DNA nghromosome (Xp11-22) associated with Turner syndrome in
a murine Uty probe revealed male-specific fragments anGemales hearing interstitial deletior®) @nd escapes X chromo-
fragments shared between males and females (data not ShoWlllye inactivation. Whilst it is not yet known whether its Y-linked

Hybridization of this probe to a series of contiguous yeasjomqioqueUTY is functionally equivalent, the potential role of
artificial chromosome (YAC) clones from the human Y chromoy rxin Turner syndrome should be investigated further.

some @4) showed strong hybridization to yOX YAC clone 237, = 114 functional equivalence bifX andUTY can be addressed
indicating a localization of humauiT Yto band 5D/5E of Yq (data directlyuin t;Ie moS:eleby targeted mutagenesis. Molsend

not _shown). RecentIyJTYwas shown to map to band 5C on _theUty show strong overall homology, but the central region of
basis of deletion mapping). Band 5 of Yg is known to contain giergence between the two could reflect either a lower
a gene(s) functioning in spermatogene2ks @nd a Y-specific requirement for structural conservation in this region or func-

growth geneZ6). tional non-equivalence between the two proteins and a male-
_ o specific role folUty. Comparison of the phenotype of males with
Escape from X inactivation females bearing one allele bfix inactivated by homologous

. . . combination should determine whethiy or some other loci
In order to assay for expression from the inactive mouse X bity

chromosome, females carrying the T(X:16)16H (T16H) transc@” function in the place d@ftx. These experiments will also

location were used. As previously describegq7-29), T16H determine whether haploinsufficiency dfx contributes to any

females undergo non-random inactivation of the normal, pate?lc the phenotypic characteristics of the XO mouse, such as its

nally derived X chromosome. We exploited two variants betweerr?duced ability to support the survival and prenatal growth of

; embryos 6,34).
the normal X chromosome, derived frdvihcastaneusand the : ; .
T16H translocation X chromosome in order to assay foH Differences in phenotype between 45,X humans and XO mice

expression objtx from Xi. Utx RT-PCR products derived from Ve been attributed to an absence of X-specific mouse genes
parental mice and F1 females carrying the T16H translocati escaping Xinactivatiori@). However, it is now clear that at least

were either analysed by gel electrophoresis @&igor sequenced o such genes exist. Localized areas of persistent histone H4

directly (Fig.4b). In the case of both variants analysed, the TlG‘%cetylapon rr:avehbeenl detecteﬁ on both n|10use an_dhhuman_ >?"
andM.castaneus/tx alleles were detected in F1 T16H females! entifying three homologous chromosomal areas with potentia

R : e transcriptional competencg). UTX maps to one of these
indicating thatUtx escapes X chromosome inactivation in th S : .
mouse. ehomologous regions: Xpl1l1l.2 in humans and band A2 in the

To determine whether the hum&ITX gene was expressed mouse (Fig2). It will be interesting to determine whether these

from the inactive X chromosome, RT-PCR using the hUTilegions contain other genes escaping X chromosome inactiva-

primers described above was employed. A series of mous g\?\ih?liititﬂélalgglé)g;hgr?;]ognsti énﬁhlrc? rr;(ést%n;es.sa expression of
human somatic cell hybrids that retain independent active t P ploy: y €Xp

e X chromosomes( were anaysed T Xexpression. (0% '8 RaCIVE molse X chiomasme tere ol esigc
As shown in Figureic, the control gen®GK1 is subject to 4 » &XP

. L : : - appears to exceed that from Xi and b). This observation
nactivation, and althougAGK1is expressed in the two hybrids ; ppimiIar to that originally descri(tfig;iL for th()a expressioSmtx
carrying active human X chromosome_s , N0 Expression was s r('))?m the mouse XiX0), which was confirmed by quantitative
Chiomosomes. In contrabiTX expreasion was obsenved in both P1O2eUTesa031. It will now be possible to determine whether
active and inactive X hybrids, demonstrating that the human ge%i::)aegf?oﬁg(t;ﬁ:éﬁvz\g% c;‘:fg;;ti/hve\/%c&ggacr%c;ﬁrelzggtgg da(ragree of
fﬁl%? gi;réslgﬁﬁtlf\;gm)?{u;haes ildga confirm the recent report common tdSmQandUtx, or whether genes active on Xi e_xhilbit

' unique dynamics of expression. This will allow further insight

into the mechanism of spread of inactivation along the X

DISCUSSION chromosome and the functional significance of the escape of

We have identified and characterized an X-linked gene whiciiurine X-linked genes from this process.
escapes X chromosome inactivation in both mice and humans. In
mice,Utx is only the second gene from the X-specific portion oMATERIALS AND METHODS
the X chromosome known to be expressed from the inactive
(Xi), the other beingmcx(10,11,29,31). In contrast, its human
counterparUTX is an addition to an already long list of genescDNA clones 1E and 1C were isolated from an oligo(dT)-primed
which are expressed from human Xj3Q2). 7.5 dpc mouse embryo cDNA library. Clones 1.1N and 4.2 were
The existence of human genes that escape X chromosoigelated from a random-primed 11.5 dpc mouse embryo cDNA
inactivation is Widely believed to explain the 45X Tumerlibrary (]_4)_ Clones and RT-PCR products were sequenced by
syndrome phenotype. Such X-linked ‘Turner’ genes are predictefideoxy chain termination, and products were analysed on a
to have a functionally equivalent Y-linked homologi@). Thus  373A DNA Sequencer (Applied Biosystems).
in 46,XX and 46,XY individuals, a normal phenotype would
result from an effective double dose of each of these genes, wh
in 45,X individuals, haploinsufficiency would result in degth
uteroor characteristic Turner stigmata in survivors. While severalotal RNA was isolated using Trizol reagent (Gibco, BRL) and
candidates have been proposed, including the recently identifietRNA was selected with an Oligotex mMRNA mini kit (Qiagen).

(>:bNA library screening and sequencing

Krthern and Southern analyses
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Figure 4.UTXescapes X chromosome inactivation in mice and hun@rde@ative image of an ethidium bromide-stained gel showing nuing&-PCR products

from brain RNA samples of T(X;16)16H (T16HY.castaneugM.CAST) and two newborn (T164M.castaneusF1 females. F1 females bearing the T16H
translocation show non-random inactivation of the paternally deM.edstaneusX chromosome. RT-PCR was performed with (+) and without (-) reverse
transcriptase to control for genomic DNA contamination. ‘D’ is a genomic DNA control. Expression of both the TMEbataheut)tx alleles is observed in the

F1 carrier females, establishing thit is expressed from the inactive X chromosome. The cdtifnbigene shows a non-random pattern of inactivation, as expected.
Primers Utx-4 and Utx-5 were used for the first 20 cycles of amplification, and nested primers Utx-6 and Utx-7 were thed femafopdditional 15 cycles on

an aliquot of the first-round product. Products were digestecBstil to distinguish between the parental allelége control gendslprt, was amplified and alleles
differentiated byHinfl digestion as previously described (2%) Direct sequence analysis 0fx RT-PCR products from tissues of a T(X;16)16H female, an
M.castaneusnale (M.CAST) and a (T16¥M.castaneug-1 female. Direct sequence analysitJof RT-PCR products from two tissues (kidney and brain) of an F1
female T16H carrier shows them to consist of a mixture of products derived from both the T16H allel®ecasthaeusliele. These data confirm the expression

of Utx from the mouse Xi. Primers Utx-12 and Utx-13, which give no amplification product with genomic DNA template, were useClRraR@ ®Jtx-15 for
sequencing. Analysis of the expression of two control géfas,andXist, established that non-random X-inactivation had occurred in these F1 tissues (data not
shown). €) Negative image of ethidium bromide-stained gels showing RT-PCR ampilification of kiifKamdPGK1from a range of mouse—human somatic cell
hybrids. Lanes 1 and 2 are control lanes showing amplificatiofT&ffrom human (H) and mouse (M) cDNA. Lanes 3 and 4 are from the mouse—human somatic
cell hybrids t60-12 (lane 3) and AHA-11aB1 (lane 4), both of which contain an active human X chromosome on a mouse b&okggtiae!l hybrids containing

an inactive human X chromosome are t86-B1maz1b-3a (lane 5), t75-2maz34-4a (lane 6), t48-1a-1DAZ4A (lane 7), t11-4Aaxtl (323 8)E2Buv5CI26-7A2

(lane 9).UTXis expressed from both the active and inactive X chromosome, RGikt shows expression only from the two hybrids containing an active X. The

X chromosomal origin of the hUTX-1/2 product was also confirmed by amplification from cell hybrids AHA11aB1, t60-12 and 2BAg85TE26-7A2, which retain

an X chromosome as their only human chromosome (lanes 3, 4 and 9). The low molecular weight gp@Kittracks 6-8 is likely to be primer dimer.

RNA and DNA samples were electrophoresed, transferred to nyl@able 1.PCR primers
filters and hybridized according to standard proced@@s (

Primer

RNA was isolated using Trizol reagent (Gibco BRL) according tohUTX-2
the manufacturer’'s recommendations. cDNA was prepared andtx-4

Sequence
5'AGACATTGAGGGAAGCTCTC-3
5-TCAAGATGAGGCGGATGGT-3
5-ATGAAAATACCAGGAGCTAAAC-3’

PCR reactions were performed as previously descri®elq37). Utx-5 5-AGTGTTTGCTCTGCTACCTG-3
Utx-62 5-GATCTGTTTTGAGTGAAATGGTTAC-3

PCR primers Utx-7 5-AAAATTGTGTACTGGCAGATGT-3

The PCR primers used are listed in Table Utx-12 5-CAGCATGACCGTGGTCCAAT-3
Utx-13 5-CCCTGCACTTTGTCCAATGCT-3

Sequencing primers
aPrimer Utx-6 incorporates two mismatches at non-polymorphic bases. Ampli-
MouseUtx RT-PCR products were sequenced with the primefication with this primer creates BsEll site in theUtx RT-PCR product of

Utx-15: 3-CCAAGGACTTCTGGAGATAC-3. M.castaneus
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PCR amplification of human UTX

Primers hUTX-1 and hUTX-2 preferentially amplify the human
UTX gene, though a faint product from mouse of the same sizé- Lahn, B.T. and Page, D.C. (1997) Functional coherence of the human Y

was also observed. Sequence analysis of this mouse transc[tp

identified several nucleotide differences when compared with the
human gene. Therefore, to analyse expression sp.ecifically from the mousendxlocus.Genomics3, 337—341.

the human X chromosome in somatic cell hybrids, RT-PCRS. Kay, G.F., Ashworth, A., Penny, G.D., Dunlop, M., Swift, S., Brockdorff, N.
products were digested withinfl to cleave the mouse product, : te spermatog
and a 299 bp human-specific product remains. To confirm further chromosome is homologous to ubiquitin-activating enzymélgture 354,

that the product was human in origin, the products amplified fr
two somatic cell hybrids containing independent inactive

15.
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