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Summary

Screening of families clinically ascertained for the fragile
X syndrome phenotype revealed two mentally impaired
males who were cytogenetically negative for the fragile X
chromosome. In both cases, screening for the FMR1 tri-
nucleotide expansion mutation revealed a rearrangement
within the FMR1 gene. In the first case, a 660-bp deletion
is present in 40% of peripheral lymphocytes. PCR and se-
quence analysis revealed it to include the CpG island and
the CGG trinucleotide repeat, thus removing the FMR1
promoter region and putative mRNA start site. In the sec-
ond case, PCR analysis demonstrated that a deletion ex-
tended from a point proximal to FMR1 to 25 kb into the
gene, removing all the region 5' to exon 11. The distal
breakpoint was confirmed by Southern blot analysis and
localized to a 600-bp region, and FMR1-mRNA analysis
in a cell line established from this individual confirmed
the lack of a transcript. These deletion patients provide
further confirmatory evidence that loss of FMR1 gene ex-
pression is indeed responsible for mental retardation. Ad-
ditionally, these cases highlight the need for the careful
examination of the FMR1 gene, even in the absence of
cytogenetic expression, particularly when several fragile
X-like clinical features are present.

Introduction

The fragile X syndrome is associated with the presence of
an expanded trinucleotide array within the first exon of
the FMR1 gene (Kremer et al. 1991; Oberle et al. 1991; Yu
et al. 1991). Expansion results in extensive hypermethyla-
tion of the promoter and the repeat itself (Bell et al. 1991;
Vincent et al. 1991; Hansen et al. 1993) and the loss of
FMR1 gene expression (Pieretti et al. 1991; Sutcliffe et al.
1992). FMR1 expression occurs throughout fetal develop-
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ment in multiple tissues (Pieretti et al. 1991), including spe-
cialist neuronal cell types later in development, which may
be of significant phenotypic importance (Abitbol et al.
1993; Devys et al. 1993; Hinds et al. 1993). While the func-
tion of the FMR1 protein is not yet fully understood, evi-
dence that it plays a role in RNA metabolism has come
from (1) the identification of two motifs found within
RNA binding proteins-the RGG box and KH domain
(Siomi et al. 1993; Gibson et al. 1993)-and (2) the fact
that in vitro the FMR1 protein demonstrates an RNA
binding activity (Siomi et al. 1993). A point mutation con-
verting Isoleucine-367 to an asparagine residue has been
identified in an individual with some of the features of
fragile X syndrome (De Boulle et al. 1993). This mutation
lies within the highly conserved amino acids of the KH
domain and is suggested to alter the putative RNA binding
activity of the protein (Siomi et al. 1993, 1994).

Additional evidence that the loss of FMR1 gene expres-
sion causes the fragile X syndrome phenotype has come
from studying cytogenetically FRAXA-negative males
with the clinical features of the fragile X syndrome-carry-
ing deletions. A de novo microdeletion removing proximal
flanking DNA and the first four exons of the FMR1 gene,
including the CpG island and the CGG array, has been de-
scribed in a mentally retarded male (W6hrle et al. 1992).
This deletion extends from >90 kb proximal to FMR1 and
removes at least the first five exons of the gene. In a second
case, the deletion spans >2,500 kb of DNA and com-
pletely removes the gene (Gedeon et al. 1992). In both
cases large regions of DNA are deleted, and the loss of
other genes, particularly proximal or adjacent to FMR1
could not be excluded. More recently, a small, 1.6-kb de-
letion that removes the promoter region but leaves a por-
tion of the (CGG)n array intact (Meijer et al. 1994) has been
described. In this case, the deletion had segregated
through several generations, including via male transmis-
sion, suggesting that the FMR1 gene product is not essen-
tial for spermatogenesis.

In this paper, we describe two cases of de novo deletions
of portions of the FMR1 gene in mentally impaired males.
In the first case, the individual is a mosaic of normal and
deletion chromosomes, the deletion extending 660 bp
across the FMR1 promoter. This removes the CpG island,
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the putative start site of FMR1 transcription, and the first
128 bp of the mRNA, including the trinucleotide array. In
the second case, a deletion was found in all the proband's
cells and extended across >35 kb of DNA, ending be-
tween exons 10 and 11 of FMR1. These cases highlight the
occurrence of deletions within FMR1 and are discussed
in the context of their identification in routine diagnosis.
Implications about the role of FMR1 in early development
are also discussed.

Patients, Material, and Methods
Clinical Presentation

Case 1.-The proband presented at 8 years of age with
a history of nocturnal epileptiform seizures. He was born
at term, after an uneventful pregnancy; early development
was reported to be normal, but at the time of referral, he
was being investigated for learning and behavioral diffi-
culties. There was no family history of note. Electroen-
cephalography was performed, and it revealed focal epi-
leptiform seizures; a computed-tomography brain scan
was reported as normal. His seizures were eventually con-
trolled by anticonvulsive therapy, but his learning diffi-
culties remained and resulted in him being transferred to a
school for students with special educational needs. At age
12 years, he was reinvestigated because of aggressive be-
havior, and physical examination revealed obesity, large
ears, normal sized testes (6 ml), and a large head (59 cm,
>97th percentile). Cytogenetic investigation revealed a
normal 46,XY karyotype with no fragile X in 100 cells.

Case 2. -The proband is a 25-year-old moderately men-
tally retarded male referred for further diagnosis because
of behavioral problems, with marked hyperactivity, echo-
lalia, hand biting, and flapping. He presented with a typical
fragile X phenotype with high and broad forehead, long
facies, large ears, and large testes (40 ml). Chromosome
analysis revealed a normal 46,XY male karyotype, and
fragile X screening was negative in 300 cells in three
different M199 cultures.
Sample Analysis
DNA was isolated from peripheral blood lymphocyte

samples by standard techniques, and direct visualization of
the FMR1 region was carried out by hybridization to the
DNA probe Ox1.9 after restriction digestion with HindIII
or EcoRI, and OxO.55 after restriction with PstI (Hirst et
al. 1991a; Nakahori et al. 1991). For intron analysis, probe
K (PCR XI-XII; see below and as originally described by
Eichler et al. 1993) was prepared by PCR and was purified
by preparative gel electrophoresis. Hybridization probes
were prepared by random-primed labeling, and filters were
hybridized overnight, washed to a stringency of 1-0.5 X
SSC and exposed to Kodak XAR5 film at -700C.
Promoter-Region PCR
PCR amplification across the FMR1 promoter was car-

ried out using several sets of primer pairs (see fig. 1). Prim-

w

P E
l a

P P P E
I I a

telcen

(b)
P E P P E
I I a I

- A O1.9= 055

(c)

* P I 4 I
~PP

C130 C131 m 721

C129

1Kb

Figure I a, Restriction map of the normal 5' region of FMR1,
showing the first exon (unblackened box) and trinucleotide array (black-
ened box). b, Restriction map of the deletion chromosomes found in case
1. c, Positions of the 721, 722, C131, C129, and C130 primers, shown
relative to the trinucleotide repeat. Restriction sites are shown: P = PstI;
E = EcoRI.

ers C130-721 amplify across the CG-rich promoter region
of FMR1. The conditions used were as follows: PCR was
cycled through 35 cycles of 980C for 15 s and 70'C for
10 min in a Hybaid Omnigene thermal cycler. Each 10-jLI
reaction contained 100 ng of genomic DNA, 0.5 jiM of
each oligonucleotide, 200 gM dATP, 200 gM dTTP, 200
gM dGTP, 200 tiM dCTP, 5% dimethylsulfoxide, and 0.5
units of wild type Pfu polymerase (Stratagene). This proto-
col allows the amplification of the CGG array and pro-
moter products to be visualized with ethidium bromide
(Hirst et al. 1994): C131, 5'-CTGAGTGCACCTCTGCA-
GAAATGGGCGGTT; C129, 5'-ACCGGAAGTGAAAC-
CGAAACGGAGCTGAGC (the inverse of 722); C130,
5'-TGGAGTTGCAGCTAATGCTCTGCTCCCATTC-
AG; 721, 5'-AGCCCCG CACTTCCACCACCAGCTCC-
TCCA; and 722, 5'-GCTCAGCTCCGTTTCGGTTT-
CACTTCCGGT.

Deletion PCR Analysis
PCR was performed with primers for the markers

M759, DXS548, G9L, FRAXAC1, FMR1-CGG, intron
IV-V, intron VIII-IX, intron IX-X, intron X-XI, intron XI-
XII, intron XVII-3'end, and 141R in standard buffer con-
taining 200 jM each dNTP for 30 cycles of 950C for 15
s; annealing temperature (Tm) for 1 min; and 720C for 1.5-
3 min in a Hybaid Omnigene thermal cycler. Intron PCR
primers were as described by Eichler et al. (1993), and all
primer pairs were used at 550C. PCR primer pairs for the
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markers FRAXA-AC1 and DXS548 were as described by
Richards et al. (1991) and Verkerk et al. (1991). For mark-
ers M759, G9L, and 141R (described in Hirst et al. 1991b),
each primer, product size, concentration of MgCl2, and Tm
is listed below. PCR products were resolved by electro-
phoresis through a 2% agarose gel and scored as present or
absent: M759F, 5'-GAAGGGCCAGCAAATTGC; R, 5'-
CTGTAGACTACTTGATGTGA (109 bp, 1.5 mM, 530C);
G9LF, 5'-AGGTTCAGTGTTGACATTGGGA; R, 5'-
GCATATCAGACTCAACATGTGCA (500 bp, 1.5 mM,
62QC); 141R F. 5'-AATTCATCAAGAGGATGTAA-
TAAC; and R, 5'-CCATTCAGGTTCATATTGCTTAA
(500 bp, 3 mM, 58QC).

Haplotype PCR Analysis
PCR amplification for the polymorphic markers

DXS548, FRAXAC1, and DXS1113 (IDS) was carried out
in the presence of [3S5]-dATP, under conditions as de-
scribed by Hirst et al. (1993), with the primers described
by Weber et al. (1993) (DXS113), Verkerk et al. (1991)
(DXS548), and Richards et al. (1991) (FRAXACl). Direct
detection of the FMR1 trinucleotide array was carried out
using primers 721 and 722 (as above), as described by Fu
et al. (1991), incorporating [32P]-dCTP directly, except that
30 cycles of amplification were performed. Alleles were
resolved on 5% denaturing polyacrylamide gels and were
visualized by autoradiography with Kodak XAR5 film.

Sequence Analysis
The deletion PCR product of 1,100 bp (see fig. 1) from

the PCR amplification with primers C130-721 was iso-
lated from low-melt agarose and sequenced directly using
the exo-Pfu cycle sequencing reagents (Stratagene) supple-
mented with [32P]-dCTP. The reactions were cycled
through 30 cycles of 98°C for 15 s and 70°C for 1 min, in
the presence of either the 721 or the C130 primer. Prod-
ucts were seperated on 5% polyacrylamide gels and were
visualized by autoradiography on Kodak XAR5 film.

FMR I Transcript Analysis
Total mRNA was isolated from a cell line established

from individual 2 and was used as template for random-
primed synthesis of cDNA. Two primer pairs were used to
amplify regions of FMR1 from this cDNA. Primer pair
1 amplifies FMR1 exons 2 and 3, and primer pair 2 ampli-
fies FMR1 exons 13-18. As a positive control, a primer
pair for actin was also used: primer pair 1-F5'-AA-
CAACTGGCAGCCTGATAGGCAGATTCCA and R5'-
TTTAGCTAACCACCAACAGCAAGG; primer pair 2-
FS'-GAGCAGTTGCGACAGATTGGA and RS'-GAA-
TTATGCAGTTTAGGGTAC; and actin-F5'-GCCAAC-
ACAGTGCTGTCTGG and RS'-TGAGCAGTATGA-
GGACGAACGAC.
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Figure 2 a, Southern blot analysis of case 1. Genomic digestion
with EcoRI reveals the presence of a smaller hybridizing fragment of 4.4
kb (track 1) compared with the normal 5.1 kb (track 2). b, Ethidium
bromide-stained 2% agarose gel, showing the PCR-amplification prod-
ucts obtained from PCR with primers 721-C130. Lane 1, Size marker
(FX174/HaeIII. Lane 2, Negative control. Lane 3, Control female DNA.
Lane 4, Case 1. The normal amplification product is -1,800 bp, and the
deletion fragment is estimated to be -1,100 bp in size (see Results).

Results

Screening for the expanded trinucleotide within FMR1
was carried out using DNA probe Oxl.9 (see fig. 2). In two
cases, this Southern blot analysis revealed no amplification
of the FMR1 trinucleotide repeat, but other alterations
were present.

Case 1: An FMR I Promoter-Deletion Mosaic
On digestion with EcoRI and detection with the DNA

probe OxI.9, a fragment of 4.4 kb was present in addition
to the wild-type 5.1-kb fragment (see fig. 1). With the en-
zyme PstI, in combination with the probe OxO.55, an ad-
ditional fragment, of 2.7 kb, was present (data not shown).
This smaller fragment was visible in -40% of the patient's
peripheral blood lymphocytes, and was confirmed on a
second, independent lymphocyte sample. Neither parent
was found to carry this deletion. On studying the position
of restriction sites around these DNA probes, this series of
altered restriction fragments is best interpreted as a dele-
tion of DNA encompassing the 5' region of FMR1 and
removing the proximal PstI site detected by OxO.55 (see
fig. 2). Deletion in this region would result in both a smaller
EcoRI fragment and an increase in size of the PstI frag-
ment, as the next PstI site is immediately proximal to the
EcoRI site.

In order to confirm these observations, a PCR strategy
to amplify various 5' regions of FMR1 was adopted (see
fig. 1). This included an assay that can amplify across the
CGG trinucleotide repeat and CpG island region and give
products visible by ethidium bromide staining, rather than
the usual radioactive detection (Hirst et al. 1994). As this
individual is a mosaic of normal and deletion chromo-
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somes, only the direct amplification across the deletion
would confirm its presence, as the fragment from the nor-

mal chromosome would always coamplify. With primers
C130-721, which amplify across the CGG repeat to a re-

gion proximal to the deleted PstI site, a deletion fragment
of '1,100 bp was detected, coamplified with the normal
fragment of 1,800 bp (see fig. 1). The size of these products
confirmed that the deletion was limited to the region im-
mediately proximal to the FMR1 gene and was -700 bp
in size, in good agreement with that estimated by Southern
blot analysis. No other combination of primers amplified
the deletion region, all showing only the presence of the
normal sized fragment. This confirms the extent of the de-
letion, as for each of these combinations of primers, one

or both of each primer pair are within the deleted region.
In order to localize the endpoints of the deletion pre-

cisely, the C130-721 deletion PCR fragment was purified
from agarose, directly sequenced, and compared with the
sequence of the 5.1-kb FMR1 EcoRI fragment present in
the GenBank database (see fig. 3). This shows that the de-
letion extends from position 2125, proximal to the CpG
island, to position 2792, distal to the CpG island. No ad-
ditional DNA appears to be present at this breakpoint. A
more detailed analysis of this region, and a comparison
with the known start of transcription (Hwu et al. 1993),
shows that this deletion has removed the transcription ini-
tiation site (+1) and, based on this start site, extends to

position +128 of the FMR1 mRNA. The truncation of the
5' coding region thus ends prior to the initiation site for
peptide synthesis (ATG), which lies at position +181 (Ash-
ley et al. 1993).

Case 2: A Large Deletion Extending to the Exon I I Region
The affected proband in this family appeared to have no

hybridizing fragments with the DNA probe Ox1.9 (data
not shown), suggesting that a deletion of this region was

present. To confirm this and to screen other family mem-
bers, it was necessary to screen with polymorphic markers,
as only heterozygous markers would be informative for
deletions in female family members. In PCR assays, the
markers FMR1-CGG, FRAXAC1, DXS548, and IDS
(DXS1113) confirmed that the deletion was a de novo

event (see fig. 4) and that it extended to cover FRAXAC1
and the FMR1-CGG array. The deletion chromosome car-

ries a flanking haplotype derived from the grand-paternal
X chromosome and has thus most likely arisen from a

chromosome carrying 19 copies of the CGG trinucleotide
(see fig. 4). Additional typing of the grandmother showed
that she also carried the FMR1-(CGG)51 allele, indicating
that despite its length, this allele is stable through three
meioses (data not shown).
The extent of this de novo deletion was investigated fur-

ther by scoring the presence or absence of other flanking
markers across the region in the proband. These PCR
markers are shown in figure 5, and their presence or ab-
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Figure 3 Sequence of the FMR promoter regions (coding strand),
encompassing nucleotides 1051-2950. The positions of all the PCR
primers used in the deletion study are underlined, and critical restriction
sites are highlighted in boxes. Also shown are the transcription initiation
site (+1) (as mapped by Hwu et al. (1993), the position of the deletion
endpoint (+128), and the position of the CGG array (underlined). The
portion of the 5'coding region encoding protein is highlighted as exon 1.
Lowercase letters represent the deletion found in case 1, and the num-

bering is based on the GenBank database FMR1 sequence HSFXDNA.

sence is scored accordingly. This demonstrated that the
deletion started proximal to FMR1, somewhere between
G9L and FRAXAC1, and extended distal to the region be-
tween exons 10 and 11. Because of the lack of proximal
markers, we have been unable to narrow down the proxi-
mal extent of the breakpoint further. Confirmation of this
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Figure 4 Haplotype analysis of the family of case 2. Typings are

reported for the markers DXS548, FRAXAC1, FMR1-CGG, and IDS
(DXS1 113) (see Patients, Material, and Methods for details of amplifica-
tion). Typings within brackets indicate that the phase of these chromo-
somes could not be determined.

PCR data was obtained by directly analyzing genomic
DNA from the proband with a DNA hybridization probe
that detects the region immediately distal to exon 11
(probe K in fig. 5). This probe detects altered restriction
fragments with every enzyme tested except EcoRI, con-

firming this as the distal breakpoint region (data not
shown). Further restriction analysis was performed to cre-

ate a map around this breakpoint region (see fig. 5). Com-
parison with the normal restriction map (fig. 5) shows that
the breakpoint must occur within the 600 bp between the
retained EcoRI site and the missing HindIII site (marked
with an asterisk [*] in fig. 5), some 25 kb from the FMR1
promoter region. Thus, the proband has lost the first 10
exons of the FMR1 gene.

In order to confirm that these deletion chromosomes
did not express either FMR1 or any truncated products
from an internal promoter region, cells from this individ-
ual were analyzed for FMR1 transcription using reverse

transcription-PCR. Total mRNA was isolated from a lym-
phoblastoid cell line established from individual 2 and
used for cDNA synthesis. Primer pairs that amplify varying
regions of FMR1 were then assayed. Primer pair 1 de-
tected exons 2 and 3, which are deleted in this individual,
while primer pair 2 detected exons 13-18, which were not

deleted. As can be seen from figure 6, neither pair gave rise
to a product in individual 2; thus, it appears that no region
of FMR1 was transcribed.
Discussion
The fragile X syndrome is most often associated with

the presence of an expanded CGG trinucleotide array

within the first exon of the FMR1 gene, which, on hyper-
methylation, results in the loss of gene expression. While
this mechanism of mutation is predominant, several other
mutations have been described, including several deletions
and one case of a point mutation. Here we describe two
new cases of de novo deletions within the FMR1 gene that
have given rise to mental retardation and some degree of
the fragile X phenotype.
The deletion in case 1 extends across the CpG island

and removes the putative transcription initiation site and
the first 128 bp of the mRNA, including the CGG tri-
nucleotide. Within this promoter region are several recog-
nition sites for the SP1 activator and the putative TATA
box (Hwu et al. 1993). Thus, we would expect that the
proportion of cells within this individual carrying this de-
letion do not express the FMR1 gene. The establishment
of a clonal cell line carrying the deletion chromosome
should confirm this. While several of the usual features
of the Martin-Bell phenotype are absent, it is difficult to
determine whether this is because the patient is prepubes-
cent or because of the mosaicism. We do feel, however,
that the nature of the mental impairment and the presence
of the large head and ears in this patient, when associated
with a deletion in the FMR1 promoter, are causally linked.
Thus we believe that his milder clinical phenotype is due to
the distribution of cells carrying the deletion chromosome
within his body. In case 2, the deletion is present in 100%
of the peripheral blood lymphocytes of the proband, as
PCR assays for deleted markers failed to show any ampli-
fied products. The extent of this deletion in the rest of the
proband's tissues has not yet been investigated. In order to
contribute to all cell types within the proband, the dele-
tion must have arisen either in the formation of the moth-
er's germ-line cells or very early in embryogenesis. This is
in contrast to case 1, which is clearly a postzygotic event.

Deletions removing regions of FMR1 range in size from
660 bp, in case 1 presented here, to >2,500 kb, in the case
described by Gedeon et al. (1992). A breakpoint of a ring
chromosome X in a fragile X carrier female has also been
described proximal to DXSS48 (Mornet et al. 1993). With
this limited number of cases, there is no evidence to date
for a clustering of breakpoints. In all cases, it is assumed
that the deletion leads to the loss of FMR1 expressidf.
While this is certainly the case for the individual described
by Gedeon et al. (1992), short deletions of the 5' end of
FMR1 may serve as truncation events, allowing for tran-
scription to occur if an alternative internal promoter is
used. In the case of the 1.6-kb deletion described by
Meijer et al. (1994), the FMR1 gene is not expressed as
assayed by PCR. A small transcript, of 1.4 kb, has been
described elsewhere (Hinds et al. 1993), but, as yet, its re-
lationship to the FMR1 coding region is uncharacterized.
In case 2, no transcription over the length of the FMR1
coding region was found by PCR, suggesting that this
smaller transcript either arises within the deletion region,
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Figure 5 a, Map of the FMR1 region, extending from 141R to M759. Only the central portion is shown to scale. Unblackened boxes and bars
represent PCR markers tested in case 2 (see Patients, Material, and Methods), and their presence or absence is indicated by + or -, respectively. Solid
vertical bars represent the exons of FMR1, as described by Eichler et al. (1993). Restriction maps around exons X, XI, and XII in a normal individual
(b) and case 2 (c) are represented. The position of the probe used for the detection of the breakpoint is shown. Restriction sites highlighted by an

asterisk (*) are discussed in the text (see Results).

Figure 6 Ethidium bromide-stained 3% agarose gel showing RT-
PCR amplification products obtained from lymphoblastoid cell lines
from a normal male (lanes A) and individual 2 (lanes B). Panel 1 shows
products obtained with primers to FMR1 exons II and III (product size
150 bp). Panel 2 shows products obtained with primers to FMR1 exons

XIII-XVII (product size 545 bp). Panel 3 shows products obtained using
actin-specific primers as a positive control (product size 210 bp).

splices out the regions tested in our PCR assays, or comes

from a related locus that cross-hybridizes in hybridization
assays (northern blots) but that is nonhomologous for
PCR detection.

Loss of FMR1 gene expression occurs on methylation
of the full mutation array in development (Sutcliffe et al.
1992), suggesting that it is present until that event. Indeed,
the variable timing of the methylation and expansion event
in the developing fetus may well be the cause of the great
degree of variation seen in the clinical phenotype of the
fragile X syndrome. The occurrence of a similar clinical
phenotype in the cases of FMR1 deletions, which do not

express FMR1 at any stage of development, as they have a

nonfunctional promoter, implies that the major pheno-
typic effects of loss of FMR1 expression occur because of
its absence later in development. Indeed, FMR1 mRNA is
found at high levels in nearly all differentiated structures
of the brain in a 25-wk-old normal fetus (Abitbol et al.
1993), suggesting that this and similar late expressions con-
tribute to the pathogenesis of the fragile X syndrome.
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The deletion in case 1 has arisen from a chromosome
carrying 29 triplet repeats, made up of a compound repeat
of 5'-(CGG)1O(AGG)(CGG)9(AGG)(CGG)8, while the dele-
tion in case 1 most likely arose from the grandpaternal
chromosome carrying 19 repeats, which is a compound
repeat (CGG)8(AGG)(CGG)10, both of which are common
arrays found in most of the normal population (Hirst et al.
1994). This is in contrast to the deletion described by
Meijer et al. (1994), where the deletion has occurred on a
chromosome carrying a perfect (CGG)n array of -45 trip-
lets. We have also observed a deletion immediately proxi-
mal to the FMR1 gene in a male carrying the fully ex-
panded and hypermethylated mutation (Y. Nakahori, M.
Hirst, and K. Davies, unpublished data). As most molecu-
lar diagnostics for FMR1 mutations are based on the de-
tection of expansion and methylation across the 5.1-kb
EcoRI fragment, other deletion events associated with ex-
panded arrays may be occurring but are not detected.
From the diagnostic aspect, these rare deletions need to be
borne in mind, particularly when apparently typical fragile
X males are negative for expansions at FMR1.

Deletion events across the FMR1 locus appear to be in-
frequent, but they will be found in routine molecular in-
vestigation into causes of unknown mental impairment or
developmental delay. PCR assays to detect the CGG array
in the mosaic deletion individual would have detected only
a normal allele. Similarly, lack of a CGG-PCR product in
case 2 could easily be misinterpreted as a full expansion
mutation. Thus, the only reliable test that would detect
such cases is a Southern blot assay. To date, all deletion
cases have been detected as a consequence of screening
with DNA probes for the detection of the expanded tri-
nucleotide, and, thus, all have involvement with the 5' of
FMR1. In other cases, the detection of small deletions or
point mutations within FMR1 will depend on the devel-
opment of screening assays for other portions of the gene.
To this end, the PCR assays described by Eichler et al.
(1993), which amplify various internal regions of FMR1,
could be used as an initial screening tool.
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