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Summary

Bruton X-linked agammaglobulinemia (XLA) is a phenotypically recessive genetic disorder of B lymphocyte
development. Female carriers of XLA, although asymptomatic, have a characteristic B cell lineage-specific
skewing of the pattern of X inactivation. Skewing apparently results from defective growth and maturation of
B cell precursors bearing a mutant active X chromosome. In this study, carrier status was tested in 58 women

from 22 families referred with a history of agammaglobulinemia. Primary carrier analysis to examine patterns
of X inactivation in CD19' peripheral blood cells (B lymphocytes) was conducted using quantitative PCR at the
androgen-receptor locus. Obligate carriers of XLA demonstrated >95% skewing of X inactivation in peripheral
blood CD19+ cells but not in CD19- cells. Carrier status for mothers of isolated affected males could be assessed
in 10 of 11 families: 7 women showed skewing, and 3 did not. Five carriers were found in six families in which
there were no living affected males. Among all those tested, one individual's carrier status was considered to be
indeterminate and five women were noninformative for the carrier test. Results obtained by the carrier test
were congruent with linkage analysis (where applicable) using the RFLPs DXS178 and DXS94 and two newly
developed polymorphic microsatellite markers, DXS178CA and DXS1O1AAT. Refinements in techniques for
primary carrier testing and genetic mapping of XLA now make possible an ordered approach to diagnosis,
prenatal diagnosis, and genetic counseling.

Introduction

X-linked agammaglobulinemia (XLA; MIM 300300) is
a well-defined genetic disorder characterized by a selec-
tive defect in the humoral immune response (Bruton
1952). Affected males have extremely low concentra-
tions of serum immunoglobulins in association with
absent or low numbers of B lymphocytes (Rosen et al.
1984; Ochs and Wedgewood 1989). These abnormali-
ties lead to recurrent bacterial or viral infections begin-
ning at 6-18 mo of age. Although rare (estimated birth
prevalence 1-5 X 10-6), XLA is an important cause of
primary immune deficiency in young children (Conley
1992). XLA results from disturbed growth and differ-
entiation of B lymphocyte precursors in the bone
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marrow, where reduced numbers and proliferation indi-
ces of pre-B cells have been observed (Campana et al.
1990). Females carrying an XLA mutation have normal
numbers of peripheral blood B cells, but this popula-
tion of cells shows profound skewing of X inactivation
(Conley et al. 1985, 1988; Fearon et al. 1987; Journet et
al. 1992). Such skewing indicates that there is selective
growth of B cells having the normal X chromosome
active and that the missing gene activity is required by
their precursors. The population of mature B cells that
exclusively express a normal XLA gene product (be-
cause of X inactivation) fully compensates for the de-
fective growth of cells expressing the abnormal gene.
The XLA locus was mapped to Xq22 by linkage anal-

ysis (Kwan et al. 1986, 1990; Mensink et al. 1986; Mal-
colm et al. 1987; Guioli et al. 1989). Additional studies
placed the XLA locus within an -2-million-bp region
flanked by two anonymous DNA markers, DXS101
and DXS442 (Lovering et al. 1993; Parolini et al. 1993).
No recombination was observed, in any family, be-
tween the marker DXS178 and XLA. Screening for B
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cell-specific signal transduction proteins, Tsukada et
al. (1993) identified a gene encoded in this region,
termed it "BPK," and showed that its product was ab-
normally expressed in XLA patient cell lines. The same
gene (called "atk") was isolated in independent studies
using a novel cDNA selection scheme that identified B
cell transcripts encoded near DXS178 (Vetrie et al.
1993). atk was found to have either intragenic deletion
or point mutation cosegregating with XLA in selected
families. A missense mutation in the murine gene has
been found in the naturally occurring B cell develop-
mental defect xid, indicating that it is a murine homo-
logue for the human disease (Rawlings et al. 1993;
Thomas et al. 1993). This gene (consensus terminology
-btk) belongs to a new subfamily of cytoplasmic pro-
tein tyrosine kinases. The XLA and xid phenotypes
strongly suggest that btk, like other known tyrosine
kinases, plays a key role in growth-signal transduction
or growth-signal amplification in B cells.

Identification of the XLA gene provides important
insight into its pathogenesis, but it does not solve the
most immediate problems in genetic counseling. In ap-
proximately one-half of cases there is no family history
of the disease. The possibilities of new mutation in ei-
ther the patient or his mother or of occurrence of the
rare autosomal recessive phenocopy (Conley and
Sweinberg 1992) must be considered in isolated cases.
In some families, the proband has expired and/or the
diagnosis may have been given before clear diagnostic
criteria were established. Even in large or well-estab-
lished XLA pedigrees, carrier and linkage analyses are
likely to continue to be useful because of the difficulty
of performing routine mutation analysis. We have devel-
oped a new highly informative and quantitative method
for carrier testing and have also isolated more efficient
linkage markers in the region of XLA. Here, we demon-
strate the utility of combining direct carrier testing with
the new information on gene location, to provide ge-
netic-risk information to XLA family members.

Subjects and Methods
Study Population

Diagnosis of XLA was made on males who had recur-
rent bacterial infections in the first 2 years of life, low
or undetectable serum immunoglobulins (IgG <200
mg/dl; IgA <7.5 mg/dl; IgM <20 mg/dl), absent spe-
cific antibody production, low or absent peripheral
blood B cells (CD19' cells and/or CD20' cells <1% of
peripheral blood lymphocytes), and normal T cell num-
bers and function. Obligate carriers for XLA were
women who had an affected son or carrier daughter

and at least one affected male relative in the maternal
lineage. Normal controls were obtained from an ethni-
cally diverse group of young women (age range 21-36
years). This study was reviewed and approved by the
Baylor College of Medicine Institutional Review Board
for Human Research.
Carrier Analysis

Cell separation and PCR conditions for the carrier
assay have been described elsewhere, in detail (Allen et
al. 1992). Briefly, B lymphocytes were isolated from the
mononuclear cell fraction of 20 cc of blood by using
anti-CD19 immunomagnetic beads (Dynal). Purity of
the CD19+ cell population was confirmed by flow cy-
tometry using the B cell-specific marker CD20; all cell
populations used for DNA analysis were >90% CD20+.
To control for skewing arising by stochastic mecha-
nisms, CD19- cells were analyzed; these CD19- cells
consist predominantly (>90%) of T lymphocytes. A
crude DNA extract was prepared from 2.5 X 105 cells
and digested with a control enzyme, RsaI, or with the
methylation-sensitive enzyme HpaII. The digested
DNA was then used as template for PCR (Mullis and
Faloona 1987) across the first exon of the androgen
receptor. All the control samples and approximately
half of the patient samples were analyzed using a PCR
in which one primer was labeled with the fluorescent
dye JOE (2,7'-dimethoxy-4',5'-dichloro-6 carboxy-fluo-
rescein; Applied Biosystems, Inc. [ABI]). The products
were evaluated using an ABI model 370A automated
DNA sequencer; individual allele peak areas were mea-
sured using GeneScan software.
Linkage Analysis
DNA was isolated from the peripheral blood (Man-

iatis et al. 1988) and was analyzed by PCR for RFLPs at
DXS178 and DXS94 and for short tandem repeat (STR)
polymorphisms DXS178CA and DXS1O1AAT. The
RFLPs at DXS178 and DXS94 were converted to PCR
assay by a determination of the sequence around the
polymorphic sites. Briefly, plasmid probes p212 and
pXG-12 were used to screen a human Charon 4 ge-
nomic library. Positive clones were subjected to restric-
tion mapping, and the plasmid subclones containing the
putative polymorphic sites were derived. After se-
quencing of these plasmids, flanking PCR primers were
developed. The resulting RFLPs were tested for corre-
lation with samples previously genotyped by Southern
blotting. The RFLP at DXS178 was assayed by per-
forming PCR, using primers 5'-GGATTTAGAGACC-
CATTTGCTGG-3' and 5'-TACCTACCTGACCATC-
TTGGTGA-3'. The PCR product was purified,
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digested with TaqI, and then size fractionated on a
1.5% agarose gel. The RFLP at DXS94 was assayed by
PCR, with primers 5'-GAGAATGGTATACCTGAG-
AGGATCGA-3'and5'-CAAGTTTGCATTATTGTAT-
ATTGAGC-3'. The purified PCR product was digested
with PstI. The STRs, DXS178CA and DXS101AAT,
were analyzed as described elsewhere (Allen and Bel-
mont 1992, and in press).

Results
The human androgen-receptor (HAR) locus contains

a highly polymorphic (90% heterozygosity) trinucleo-
tide repeat in the first exon (Edwards et al. 1992). This
repeat is within -100 bp of two Hpall restriction-en-
zyme sites that are methylated on the inactive X chro-
mosome but unmethylated on the active X chromo-
some (Allen et al. 1992). Skewing of X inactivation was
easily detected qualitatively by using a radionuclide
technique, and detection was further improved to al-
low quantitation using a fluorescence-tagged primer
method (fig. 1). PCR conditions that produce a linear
relationship between allele fluorescence peak area and
starting cell/DNA template ratio were established in
reconstruction experiments using heteromorphic male
samples (fig. 2A). Normal females were studied as con-
trols for the quantitative X inactivation assay. In con-
trast to the analysis of the male DNA, quantitation for
X inactivation in females requires that the HpaII en-
zyme digestion be nearly complete. The presence of
two HpaII sites within the amplification unit helps in
this, since cleavage at only one site disrupts the tem-
plate. In practice, complete cleavage at the HpaII sites
is achieved by 10-fold overdigestion. X inactivation
patterns were investigated in both the CD19' cells (B
lymphocytes) and CD19- cells (>90% T lymphocytes)
from 24 subjects who were heterozygous for the trinu-
cleotide repeat polymorphism (fig. 2B and 2C). Most
showed 35%-65% contribution from one X chromo-
some in both the B and T lymphocytes (mean ± SD
= 55% ± 15% for CD19- cells and 53% ± 16% for
CD19' cells), although two showed >80% activation of
one X chromosome. The percentage contribution of
one allele in the CD19' and CD19- cells from each
individual control was highly correlated (r = .893, P
<.001, two-tailed). The number of coherent clones
(with respect to X inactivation) contributing to each
population can be estimated by applying a simple bino-
mial sampling model (Nesbitt 1972; Fialkow 1973): 6
= p(l - p)/N, where the variance, ay2, is related to p,
the contribution from one inactive allele, and N, pri-
mordial clone pool size. The present data give an esti-

mated pool size of 11 for the T cells and 10 for the B
cells. This is identical to recent results that used a so-
matic cell hybrid technique and maximum-likelihood
analysis (Puck et al. 1992). Overwhelming biological
evidence indicates that lymphocytes develop from a
common pluripotent stem cell and that establishment
of X inactivation precedes their lineage allocation in
development. Thus, these data support the use of the
CD19- cell population as the most appropriate control
for X inactivation pattern in B lymphocytes-that is,
under normal circumstances these two cell populations
should have very similar allele contributions. The close
correlation of the measurement from the two cell popu-
lations in an individual also supports the quantitative
accuracy of the androgen-receptor-locus method.

Carrier testing was requested for 22 consecutive fami-
lies referred because of a son with XLA or because of a
family history of a closely related affected male (see
table 1). These families can be separated into several
categories, each presenting unique problems in counsel-
ing: (a) families with well-established X-linked inheri-
tance, two or more affected individuals available for
genotyping, and/or at least one obligate carrier (n = 5);
(b) families with an isolated living XLA proband (n
= 11); and (c) families with no living affected male (n
= 6). In the first category, 20 individuals from five XLA
pedigrees were tested (fig. 3A). Six obligate carriers
from this group (subjects 04, 05, 12, 13, 15, and 17;
subject 14 noninformative) showed the expected skew-
ing of X inactivation in the B cell lineage. Among the
remaining at-risk individuals, five showed X inactiva-
tion skewing restricted to the B cells, six were not
skewed, one was indeterminate, and one was noninfor-
mative for the HAR polymorphism. The woman classi-
fied as "indeterminate" (subject 20) had >90% skew-
ing, in both her B cells and her T cells, toward the same
X chromosome. Her sister has two living sons with typi-
cal XLA and has random X inactivation in her T cells
but skewed X inactivation in her B cells. This particular
individual is interesting in that she demonstrates the
necessity for the CD19- control and the requirement
for a reserved interpretation when that cell population
is also skewed.
The second category of families (fig. 3B)-in which

there is an isolated case of XLA-accounted for nearly
half the families. In this group, 11 mothers of affected
males were tested: 7 (subjects 21, 24, 31, 33, 35, 37, and
39) showed skewing, 3 (subjects 27, 30, and 36) were
not skewed, and 1 (subject 34) was noninformative.
These data, although limited, fit well with expectations
for occurrence of new mutation in an X-linked lethal
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Figure I Allele profiles at the androgen-receptor locus analyzed by fluorescence PCR. A, Normal female. PCR was performed after
HpaII or Rsal digestion of DNA from either CD19' (B lymphocytes) or CD19- cells (solid line). Each sample was loaded with an internal
molecular-weight marker standard (dotted line). B, XLA carrier. Note that in this particular individual the CD19- cells are partially skewed, but
to the allele other than the one to which the CD19' cells are skewed. The mean allele contribution in the CD19- cells from the XLA carrier
group was 50.2% (range 7%-85%).

disorder (Chase and Murphy 1973). An additional nine
individuals (grandmothers, aunts, and sisters) from the
families with a single affected male were tested. Carrier
state was detected in only two (subjects 38 and 40). The
nonskewed individuals, along with the normal con-
trols, reinforce the observation that lineage-restricted
skewing is a pathognomonic abnormality in XLA car-
riers. Taken together with the results from the obligate
carriers, these data also indicate that the carrier state is

fully penetrant-that is, there were no "skipped genera-
tions." It is important to note that when the mother of
an XLA patient does not have skewing of X inactiva-
tion in her B cells, the possibility of gonadal mosaicism
(Parolini et al. 1993) or autosomal recessive agamma-
globulinemia should be considered in counseling. At
this time, prenatal diagnosis using genetic methods is
practically precluded in this group.

In the remaining six families referred for testing,

I
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Figure 2 A, Quantitation of the androgen-receptor PCR reac-

tion. CD19+ cells from two males who have different androgen-re-
ceptor alleles were mixed, DNA extracted, and PCR performed. The
products were analyzed on an automated sequencer as described in

the Carrier Analysis section (r = .98, P < .005). B, Distribution of X
inactivation patterns observed in the CD19- cells in normal females.
Percentage allele contribution was calculated as [peak area p/ (peak
area p + peak area q)] X 100, where the lower-molecular-weight allele
was arbitrarily designated as p. The data are plotted in intervals of
5%. C, Distribution of X inactivation patterns observed in the CD19+
cells in normal females.

there were no living affected males (figs. 3C and 4).
These cases are particularly troublesome if the pro-

band(s) expired before definitive immunologic evalua-
tion was available. The mother of the affected male was

tested in five of these families: in three cases (subjects
41 and 47 and fig. 4) she was found to be a carrier, in
another case (subject 50) no skewed X inactivation was
found, and in the last case (described below) skewing
was detected in both the B cells and T cells in the
mothers and the sisters of the expired probands. This
last result suggested a reevaluation of the primary diag-
nosis. In the aunts and sisters of the expired agamma-
globulinemia patients, two of eight were found to be
carriers and one was noninformative. As a whole, this
group of subjects demonstrates the way in which car-
rier testing can be used to clarify genetic risk in situa-
tions in which linkage analysis is impossible. Carrier
testing also serves to reinforce or weaken the putative
historical diagnosis of XLA.

For nine individuals in six families, it was possible to
obtain corroborative predictive data on carrier status
by using linkage analysis with three or four probes that
are closely linked to the XLA locus (10-16). Two of
these probes, DXS94 and DXS178, detect RFLPs. We
have simplified detection of these RFLPs by determin-
ing the flanking sequence and developing appropriate
PCR primers. Two other markers have been developed
that are associated with STRs. We developed both a
polymorphic CA repeat marker (11 alleles, 75% hetero-
zygosity) from a YAC clone positive for DXS178 and a
polymorphic ATT repeat marker (15 alleles, 80% het-
erozygosity) from a YAC positive for DXS1O1A.
DXS178CA and DXS1O1AAT are 165 kb and -850
kb, respectively, telomeric to btk. No discordance be-
tween Xq22 haplotype and X inactivation studies was
found in either noncarriers or carriers. We conclude
that the combination of quantitative X inactivation
analysis with linkage provides a highly reliable assess-
ment of XLA carrier status. This unselected clinical ex-
perience also emphasizes the fact that only a subset of
consultands will come from families with a pedigree
structure that would allow use of linkage analysis alone
to assign carrier state. Thus, X inactivation testing can
be a critical tool in evaluating mothers, aunts, and sis-
ters of XLA patients for whom there is no extended
family history.

In 10 families, the consultand was pregnant at the
time of case ascertainment; three of these elected to
proceed with genotyping using DNA markers in Xq22.
In one of the cases (fig. 4), the mother was determined
to be a carrier by X inactivation analysis, and the fetus
was subsequently predicted to be affected using link-
age. Individual IV-1 had expired, but recent diagnostic
testing had shown the definitive characteristics of XLA.
A DNA sample from this patient had been banked. The
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Table I

Summary of Carrier Analysis

MOTHERS OTHER RELATIVES

Nonin- Indeter- Nonin- Indeter-
SUBGROUP FAMILIES Skewed Nonskewed formative minate Skewed Nonskewed formative minate

Multiple affected ...... 5 8a ... ... ... 3 6 2 1
Isolated proband ...... 11 7 3 1 ... 2 6 1 ...
No living affected 6..... 3 1 - lb 2 9 1 l1

Total ............... 22 18 4 1 1 7 21 4 2

a Includes six obligate carriers.
b Suspected carrier of XLSCID.

consultand, her mother, and her first cousin had B cell-
restricted skewing of X inactivation, findings that then
allowed more certain application of linkage to the pre-
natal testing. The diagnosis of XLA was confirmed
postnatally. Of the two other prenatal cases, both were
predicted to be unaffected; one of these cases has been
confirmed postnatally, the other is pending. In a fourth
case (last pedigree in fig. 3C), a 23-year-old woman
(subject 53) sought prenatal counseling at 18 wk gesta-
tion with a male fetus. Her two male sibs were de-
scribed as having had Bruton disease but as having
expired in infancy. Quantitative immunoglobulins, im-
munophenotyping, and in vitro immune responses were
unavailable at the time these infants died, and no patho-
logic material was available. Skewing of X inactivation
in both CD19' and CD19- cell populations (but not in
granulocytes) was detected in the consultand and her
mother (subject 52). Since carriers of X-linked severe
combined immune deficiency (XLSCID) show skewing
of X inactivation in both the T lymphocytes and B lym-
phocytes (Puck et al. 1987, 1992; Conley et al. 1988;
Hendriks et al. 1992; Wengler et al. 1993), the carrier
testing result in this family strongly suggests revision of
the diagnosis from XLA to XLSCID (fig. 5). This case
illustrates the possible contribution of primary carrier
testing to disease identification, when adequate diag-
nostic information on the proband is not available.

Discussion
An ordered approach to genetic analysis of XLA fam-

ilies should include sequential application of carrier
testing, linkage (where feasible), and mutation detec-
tion. Previously, carrier analysis has relied on either pro-
duction of somatic cell hybrids (Conley and Puck 1988)
or methylation analysis using Southern blotting with
either PGK, HPRT, or M27P probes (Journet et al.

1992). In the hybrid method, X inactivation patterns
were assessed by fusing an individual's B cells with an
HPRT-deficient rodent cell line, selecting for HPRT-
expressing clones, and determining whether the mater-
nal or paternal X chromosome from the subject was
selectively retained. In the largest published compila-
tion (Conley and Puck 1988), 15 women from typical,
atypical, or sporadic XLA pedigrees were analyzed with
this method. Although analysis using hybrids is accu-
rate and quantitative, hybrids are technically cumber-
some and time-consuming. Controls for constitutional
skewing are not easily performed. Detection of hyper-
methylation at the PGK or HPRT loci on the inactive X
chromosome is limited by their relatively low heterozy-
gosity (Fearon et al. 1987). Methylation at the M2713
locus appears to be influenced by factors other than X
inactivation, making that analysis unreliable in an un-
known subset of patients (Cachia et al. 1992). As dem-
onstrated here, the androgen-receptor locus is highly
polymorphic and the assay for methylation can be made
quantitative. This single test overcomes most of the
technical obstacles to routine XLA carrier testing: (1) it
requires only a small sample of peripheral blood, from
which highly purified B lymphocytes can be isolated; (2)
the maternal and paternal alleles can be distinguished in
>90% of women; (3) methylation of the CpG island
adjacent to the polymorphic trinucleotide repeat is
highly correlated with X inactivation; (4) quantitative
estimatation of allele contribution can be obtained; and
(5) the non-B cell mononuclear cells provide a reliable
control for constitutional skewing of X inactivation.
Primary carrier testing for XLA is especially useful in
the counseling of women with an affected brother or
for those who have had one affected son, since it can, in
principle, identify those cases in which the recurrence
risk is high. The youngest subject studied by us is 9
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Figure 3 Carrier detection in XLA families. Subjects are numbered for reference in the text; * = consultands; N = noninformative for
the androgen-receptor polymorphism; and In = indeterminate (for explanation, see text). Blackened circles indicate women with skewed X
inactivation. A, Multiple living affected and/or obligate carriers. B, Isolated living affected males. C, No living affected.

years of age. It is unknown at what age the skewing of X
inactivation would be detected, but on the basis of the
natural history of the disease in males, it is highly likely
that female carriers would have B lineage skewing in
early infancy or even in fetal development. Likewise,
we have not made a systematic survey of different age
ranges of women in the control group. On the basis of

clone selection in the hematopoietic system, it is con-
ceivable that X allele usage and skewing might be af-
fected by age. At the present time there is no evidence
for this. The assay, itself, should have wide application
in the X-linked immune deficiencies and in other con-
stitutional and somatic disorders in which there is
skewing of X inactivation.
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Figure 4 Prenatal diagnosis in a family with a history of XLA. The shaded females (11-2, 111-2, and 111-6) exhibit >95% skewing of X
inactivation when the androgen-receptor assay is used. Individuals 11-3 and 111-3 did not show skewing. 11-4 and 111-4 were unavailable for study.
A genomic D)NA sample was available from the affected male IV-1. Karyotyping of the pregnancy confirmed 46,XY chromosomes. The numbers
below each individual indicate the haplotype generated by the three markers DXS178, DXS178CA, and DXS94. This family was studied before
the development of DXSIOIAAT.

Development of new highly polymorphic microsatel-
lite repeat markers has also facilitated linkage analysis
of families affected by XLA. Informative haplotypes
can be generated for >95% of at-risk families. No re-

combination has been observed between DXS178 and
btk, and only a single recombinant with DXS101 has
been reported. When several more linked markers are

combined, essentially all subjects should have informa-
tive haplotypes (de Weers et al. 1992). Identification of
the gene responsible for XLA raises the possibility of
directly detecting mutations. Mutation scanning meth-
ods (e.g., see Orita et al. 1989) should now be applied to

XLA families, both for diagnostic purposes and to fur-
ther clarify the molecular basis of the disease. Until a

greater range of mutations are described, however, cau-

tion is warranted, since at some loci even extensive

scanning of the coding sequence may fail to detect a

substantial percentage of mutations (Higuchi et al.
1991, 1992).

Recently, the genes for two other X-linked immuno-

deficiencies have been identified. X-linked hyper-IgM
syndrome is caused by defects in the CD40 ligand (Al-
len et al. 1993a; Aruffo et al. 1993; Disanto et al. 1993,
Fuleihan et al. 1993; Korthauer et al. 1993). In this con-
dition female carriers do not have skewing of X inacti-
vation in either the B cells or T cells, presumably be-
cause the CD40 ligand is expressed exclusively by
activated T cells but is not required for T cell growth.
There is no intrinsic defect of the B cells in hyper-IgM
syndrome, and carriers have normal immune responsive-
ness, although CD40 ligand expression may be dimin-
ished in the T cell population as a whole. Linkage analy-
sis using a polymorphism in the CD40 ligand gene
(Allen et al. 1993b) and direct mutation detection are
clinically feasible because of the small size of the coding
sequence. XLSCID results from defects in the y chain
of the IL-2 receptor (Noguchi et al. 1993). This causes
an intrinsic defect in both B cell growth and T cell
growth, resulting in skewing of X inactivation in lym-
phoid cells but not in the myeloid lineages. By including
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Figure 5 Skewing of X inactivation in a suspected carrier of
XLSCID. Peripheral blood lymphocytes from subject 53 (fig. 3) were
separated into CD19+ and CD19- populations. A fraction of periph-
eral blood leukocytes enriched for granulocytes was prepared on a
dextran gradient. The pattern of X inactivation was assayed as de-
scribed in the legend to fig. 1.

the additional myeloid cell controls, the androgen-re-
ceptor assay may be used for direct carrier testing in this
disorder as well (authors' unpublished observations).
More precise genetic counseling for these conditions
can be expected to have an important influence on

pregnancy planning, utilization of prenatal diagnosis,
and decisions on treatment options.
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