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Altered mRNA Expression due to 
Insertion or Substitution of Thymine at 
Position +3 of Two Splice-Donor Sites 
in the Androgen Receptor Gene 

Abstract 
We have discovered two types of 5' intronic gene mutation that impair andro
gen receptor (AR) mRNA expression severely, and cause complete androgen 
insensitivity. Labium majus skin fibroblasts (LMSF) hemizygous for each 
mutation had negligible specific androgen binding, and did not react to an 
antibody against an N-terminal peptide of the AR. Both mutations were 
detected by direct sequencing of exons PCR-amplified with flanking primers. 
One mutation is an adenine to thymine transversion at position +3 of the 
intron 6 splice-donor site. Using LMSF mRNA, RT-PCR of a portion of the 
AR androgen-binding domain yielded a small amount of a 302-bp mutant 
fragment instead of a 433-bp wild-type product. Sequencing established that 
exon 5 was followed, out offrame, by exon 7: exon 6 was skipped. The other 
mutation is a thymine insertion at the + 3 position of the intron 1 donor-splice 
site. RT-PCR and sequencing revealed a small amount of normal-size mRNA 
with normal exon l-exon 2 splicing. Quantitative RT-PCR on mutant LMSF 
showed AR mRNA levels were well below 10% of normal; hence, most of the 
aberrant AR mRNA resulting from each mutation is probably unstable. The 
misbehavior caused by these two mutations indicates that in the AR the splice
donor site + 3 adenine is critical; indeed, 57% of eukaryotic introns have ade
nine in the + 3 position, while only 2 % have thymine. 

The androgen receptor is a polymorphic (910-919 
amino acids), androgen-activated, DNA-binding protein 
that regulates the transcription of certain target genes [1]. 
The Xq Il-l2-linked androgen receptor gene (AR) and its 
product have the typical intron-exon composition and 
structure-function organization of other members in the 
steroid receptor family (fig. 1). In hemizygotes a large 
variety of AR alterations yield androgen insensitivity 
varying in severity from a female phenotype, to various 

degrees of external genital ambiguity, to a male phenotype 
with subnormal virilization at puberty. In the AR gene 
mutation database [2], about 80% of the nearly 150 differ
ent AR alterations are due to single-base mutations that 
cause premature termination codons or amino acid sub
stitutions within the AR protein; only a small minority 
(3%, including the mutations characterized herein) cause 
splice-junction abnormalities [1]. The three previously 
reported examples of AR splice-donor site mutations 
involve substitution of the invariant guanine at the + 1 
position by thymine [3] or adenine [4, 5]. In this paper we 
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Fig. 1. The AR gene and protein: untranslated regions (UTR), and intron-exon composition. Exon 1 encodes the 
transactivation modulatory domain; exons 2-3 and 4-8 form the DNA and androgen-binding domains, respectively. 
Alternative 3' processing yields transcripts of - 8 and 11 kb. (Gln)n and (GlY)n denote the polymorphic polyglutamine 
and polyglycine tracts in the AR's N-terminal domain. Shown below are the primer combinations used for quantita
tive-competitive RT-PCR (solid lines) and for attempts to detect abnormal splicing in 926203 (dashed lines). 

describe the discovery, and the phenotypic consequences, 
of two different single-base mutations that put thymine in 
place of adenine at the + 3 position in two splice-donor 
sequences of the AR. The critical nature of the + 3 splice
donor site position in normal mRNA processing is high
lighted by the identification of 14 other +3 splice-donor 
site mutations in a variety of human genetic diseases [6-
17, and references to + 3 mutations therein]. 

Subjects and Methods 

Subjects 
Subject 4479 (referred by Dr. H.N. Valentine, The University of 

Western Ontario, London, Ont., Canada) had a right inguinal her
niorrhaphy at age 5 during which histologically identified testicular 
tissue was removed. She had normal female external genitalia but 
lacked a uterus. The peripheral lymphocyte karyotype was 46,XY. 
The mother of 4479 had two maternal aunts with primary amenor
rhea; thus, we presumed she was an obligate heterozygote. Two skin 
fibroblast substrains, coded 7534 and 7534Q, were derived from a 
single explant of her labium majus skin. 

Subject 926203 presented at 15 years with primary amenorrhea 
and a height of 171.4 cm, well above the sex-adjusted genetic target 
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height of 159 ± 8.5 cm. She had high blood levels ofluteinizing hor
mone and testosterone and well-developed breasts, but no pubic or 
axillary hair. The vagina was 4 cm and blind. The peripherallympho
cyte karyotype was 46,XY. In the family history there were no mater
nally-related females with primary amenorrhea, delayed menarche, 
or sparse, delayed or asymmetrical sexual hair, and no maternally
related males with hypospadias, gynecomastia, or unexplained infer
tility. 

Androgen Binding by Labium Majus Skin Fibroblasts (LMSF) 
Replicate confluent monolayers in 6-cm Petri dishes were incu

bated with 3 nM [3H)mibolerone (MB) alone, in triplicate, to mea
sure total binding, or together with 600 nM radioinert MB for 2 h at 
37°C, in duplicate, to measure nonspecific binding [18). Specific 
binding was determined by subtracting nonspecific from total bind
ing, and dividing by protein concentration as determined by the 
Lowry assay [19). 

Genomic PCR Amplification and Direct Sequencing of PCR 
Products 
Exons 1-8 were amplified and sequenced as described [20). In the 

sequencing ladders shown (fig. 2), exon 6 and a portion of intron 6 
were sequenced using an intron 6-specific primer (14S); exon 1 and a 
portion of intron 1 were sequenced with an intron I-specific primer 
(7 AS). (See table 1 for all primer sequences; positions according to 
Lubahn et al. [21), Genbank accession No. J03180.) 
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Fig. 2. DNA sequencing ladders showing the AR splice-donor site mutations. Lower-case letters distinguish 
intronic from exonic bases. A An A to T transversion was identified at position + 3 of intron 6 of subject 4479 
[Int6(+3A>T)]; her mother (7534) was heterozygous for the same mutation. BAT insertion was found at the same 
position ofintron 1 in subject 926203 [Int1(+3insT)]. 

Table 1. Primers utilized 
Primer Sequence Position Exon 

IS 5'-CCACTTTTGGGAGTTCCACC-3' 1167-1186 
2S 5'-CCAGAGTCGCGACTACTACAACTTTCC-3' 1433-1459 
3AS 5'-GTGAAGAGAGTGTGCCAGGA-3' 1656-1675 
4S Y-TCCTGGCACACTCTCTTCAC-3' 1656-1675 
5S Y-GACTTCACCGCACCTGATGTGTGGT-3' 1845-1869 
6S Y-TGGATAGCTACTCCGGACCTTAC-3' 1942-1964 
7AS 5 '-CCAGAACACAGAGTGACTCTGCC-3 , Intronic 
8AS Y-CAAAACATGGTCCCTGGCAGTC-3' 1982-2003 2 
9AS 5'-CTCTTTTGAAGAAGACCTTGCAG-3' 2096-2118 2 
lOAS Y-CATAGCCTTCAATGTGTGACACTGTC-3' 2339-2364 4 
llS 5' -AACCAGCCCGACTCCTTTG-3' 2436-2454 4 
12AS 5'-CAGGGGCGAAGTAGAGCATC-3' 2642-2661 5 
13AS Y-TGCGGTACTCATTGAAAACCAG-3' 2664-2685 5 
14S Y-CAA TCAGAGACATTCCTCTGG-3' Intronic 
15AS Y-GGAATAATGCTGAAGAGTA-3' 2794-2812 617 
16AS Y-CTTGATGTAGTTCATTCGAAGTTC-3' 2847-2869 7 
17AS 5'-GCATGCAATGATACGATCGAG-3' 2874-2894 7 
18AS Y-GCAGCTCTCTCGCAATAGGCTGC-3' 2960-2982 7/8 

RT-PCR and Direct Sequencing of RT-PCR Products 
Total RNA, isolated as described [22], was reverse transcribed 

using random hexanucleotide primers (Boehringer Mannheim) and 
Superscript RNase H' Reverse Transcriptase (Gibco BRL, Life Tech
nologies, Inc.) according to the manufacturers' directions. The RT 
products were PCR amplified in 100 III volume with 100 11M each 
dNTP, 2 units Taqpolymerase and 50 pmol each primer for 35 cycles 
with denaturation, annealing and elongation for 1 min each at 95, 55, 

and noc, respectively. Exon 4-specific (l1S) and exon 7-specific 
(16AS) primers were used to amplify a segment of the 4479, 7534, 
and 7534Q AR mRNA encoding the androgen-binding domain, as 
shown in figure 3. The products were electrophoresed on a 1.5% aga
rose gel-containing ethidium bromide, photographed, and compared 
to size standards. In the sequencing ladders shown (fig. 4), RT-PCR 
products from 4479 and 7534 were amplified using lIS and 18AS 
then sequenced using an exon 7 -specific primer (17 AS). Polygluta-
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Fig. 3. Total RNA from 2080 (normal), 4479, 7534 and 7534Q 
fibroblasts was reverse-transcribed and PCR-amplified (RT-PCR) 
using exon 4- and exon 7-specific primers (II Sand 16AS). The prod
ucts were analyzed on a 1.5% low-melt agarose gel with HaeIII
digested <I>XI74RF markers (<I>X). The normal product expected is 
433 bp; shorter fragments (302 bp) were observed for 4479 
[Int6(+3A>T)], and 7534Q. 

Fig. 4. DNA sequencing ladders of exon 4-7-specific RT-PCR 
products from normal and 4479. The normal fragment contained 
appropriate exon 5/6 and exon 617 junctions; the shorter fragment 

mine (CAG)n and polyglycine (GGN)n lengths were determined as 
described [20]. 

Competitive-quantitative RT-PCR using total RNA from 
926203 or 4479 LMSF (fig. 6) was performed as described [20] 
except 35 PCR cycles were completed using exon 4-7-specific prim
ers lIS and 16AS. The reactions containing 4479 products were not 
digested, but the normal and 4479 fragments were easily distinguish
able by size. Exon I-specific competitive-quantitative RT-PCR was 
carried out essentially as for exons 4-7 except primers 1 Sand 3AS 
were used. The reactions included DMSO (2% final volume) and a 
competitor plasmid with a Bsr FI site due to a silent C -7 G mutation 
at codon 390 oftheAR [D.M. Vasiliou, MSc thesis, McGill Universi
ty]. We performed 35 cycles at 98 °c for I min, 55 ° C for 1 min and 
75 ° C for 1.5 min. After digestion with Bsr FI, samples were electro
phoresed and quantitated as described [20]. 

Western Blotting 
Extracts from the LMSF of 926203, 7534Q, 4479, and controls 

were prepared as described [18] and 350-J..lg protein samples sub
jected to electrophoresis on a 7% SDS-PAGE gel. After electroblot
ting, the nitrocellulose filter was blocked in 5% skim milk powder in 
0.5% TweenllO mM Tris HCl pH 7.5, 150 mM NaCI (Tris-buffered 
saline (TBS» and processed as described [25] using the anti-AR 
monoclonal antibody F39.4.1 [26]. The filter was then washed in 
0.5% Tween/TBS, reacted with a monoclonal antibody against con-
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from 4479 [Int6(+3A>T)] lacked exon 6. The consequent frameshift 
results in a premature termination codon in exon 7. (X)g = Eight 
unspecified amino acids. 

stitutively expressed hsp 70 (Stressgen Biotechnologies Corporation), 
diluted 1:1,000 in 0.5% Tween/TBS, and processed as above. 

Splice-Donor Site Analysis 
The consensus values (CV) for each normal and mutant splice

donor site were calculated according to the method of Shapiro and 
Senapathy [25] using primate values for nucleotide percentages at 
each of eight splice-donor site positions. CV = 100 (t-mint)/(maxt
mint), where t = the total of the percentages for the eight positions of 
a single site and mint and maxt are the minimum and maximum 
percentage totals possible for primate splice-donor sites. 

Results 

Androgen Binding and AR Sequence Alterations in 
LMSF 
We measured androgen-binding activity in LMSF of 

subjects 4479 and 926203, and in two LMSF substrains 
(7534 and 7534Q) derived from the mother of 4479. The 
cells of 4479 and 926203 had negligible androgen-binding 
activity. However, one of the LMSF substrains derived 
from the mother of 4479 had very low specific androgen 
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binding (2-5 fmollmg protein; strain 7534Q), while the 
other substrain had normal androgen binding (22 fmoll 
mg protein, strain 7534; normal range 15-40 fmollmg 
protein). These results indicated cell mosaicism due to 
differential X-chromosome inactivation, and strongly 
supported her presumptive diagnosis as an obligate het
erozygote. 

To determine if sequence alterations in the androgen
binding domain (ABD) of the AR were the cause of the 
negligible androgen binding in subjects 4479 and 926203, 
exons 4-8 were PCR amplified from LMSF-derived ge
nomic DNA and the sequences of the exons and exonl 
intron boundaries were determined. The only alteration 
found in subject 4479 was an A to T transversion in the + 3 
position of intron 6 [Int6( + 3A > T)], as shown in fig
ure 2A. Coexistent mutations in and around exons 2 and 
3 were excluded. Genomic sequencing (fig. 2A) proved 
that 7534, the mother of 4479, was heterozygous for 
Int6( + 3A > T), as predicted by the androgen-binding 
assays. As no mutation was found in or around exons 2-8 
of subject 926203, direct sequencing was extended to the 
translated portion of exon 1 and its flanking sequences. 
Figure 2B shows the only mutation found: a T insertion at 
the +3 position ofintron 1 [Int1(+3insT)]. This mutation 
was not present in the subject's mother, as predicted from 
her family history. 

RT-PCR Analysis afAR Transcripts 
Total RNA from 2080 (normal), 4479, 7534 and 

7534Q fibroblasts was reverse transcribed (RT) and the 
cDNA subjected to PCR amplification using exon 4- and 
exon 7-specific primers within the ABD. Figure 3 shows 
that the normal sample yields the expected 433-bp frag
ment, as does substrain 7534, while a shorter one (302 bp) 
is observed clearly for 4479, and for substrain 7534Q 
from her heterozygous mother. Sequencing of a PCR 
product that included the 302-bp fragment shown in fig
ure 3 revealed that the 131-bp exon 6 is missing (fig. 4); 
thereby fully accounting for the reduced size of the mu
tant fragment (fig. 3). Furthermore, skipping of exon 6 
with consequent exon 5-exon 7 fusion creates a frameshift 
that would result in 12 altered amino acids followed by a 
premature stop codon (TGA). The predicted truncated 
AR would have 783 amino acids, a molecular weight of 
82.6 kDa, and lack the portion of the ABD encoded by 
exons 6-8. 

The normal and mutant fragments in substrains 7534 
and 7534Q, respectively, indicated differential X-chro
mosome inactivation. This was confirmed by sequencing 
the glutamine [Gln;(CAG)n] tracts of exon I-specific RT-
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PCR products from 4479, 7534 and 7534Q. The 7534 
product had 28 GIn codons, while the 7534Q product had 
21 GIn codons. The latter corresponded to the 21 Gln
codon tract of the AR on the single X chromosome of 
4479. 

All the primer combinations used for RT -PCR of exon 
1 and exons 2-8 of 926203's AR mRNA produced greatly 
reduced quantities of normal-size fragments. Competitive 
RT-PCR using the primers identified in figure 1 yielded a 
value of6% of normal for exon 1 (results not shown) and 
5 % of normal for exons 4-7 (figs. 5A, B). Multiple primer 
pairs that spanned the exon lIexon 2 junction were used 
in an attempt to isolate 926203 AR mRNA splicing vari
ants. No products were seen however, except on one occa
sion with a combination of primers 2S and 8AS, when 
sequencing showed the exon lIexon 2 junction was nor
mal, and the authenticity of the RT-PCR product was 
confirmed by sequencing the polyglycine (GGN)n tract. 
Both the RT-PCR product and 926203 genomic DNA 
contained 23 glycine codons. Northern analysis of poly A + 

mRNA from 926203 GSF also did not reveal any AR 
mRNA variants (results not shown). 

AR mRNA expression in 4479 was found to be very 
low (fig. 5C). In a separate quantitative RT-PCR experi
ment, using 2080 RT-PCR product rather than plasmid 
DNA for competition, and no restriction enzyme diges
tion, the level of the mutant transcript in 4479 was 4% of 
normal AR mRNA (results not shown). 

Western Blot Analysis 
To determine if AR proteins were produced by LMSF 

from 926203, 4479 and 7534Q, cell extracts were electro
phoresed, transferred to a nitrocellulose filter and reacted 
with an anti-hAR antibody (F39.4.1 [24]). No AR protein 
was detectable, either of normal size in 926203, or of 
reduced size in 4479 or 7534Q (fig. 6). Probing with an 
hsp 70 antibody showed equivalent protein loading for all 
samples. 

Splice-Donor Site Analysis 
All 7 splice-donor sites in the AR were analyzed by the 

method of Shapiro and Senapathy [25]. The CV, or 
homology score, is a measure of the similarity of a given 
sequence to the 5' AG:GUAIGAGU 3' consensus se
quence for splice-donor sites. At a given site the CV can be 
between 0 and 100; most normally used splice sites have a 
CV of> 70 [8]. The CV values in the AR range from 94.3 
for intron 3 to 73.2 for intron 7. The Int1(+3insT) muta
tion drops the CV of intron 1 dramatically, from 91.8 to 
62.8, because the T insertion shifts the bases out of align-
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Fig. 5. Quantitative-competitive RT-PCR. A Exon 4-7-specific 
primers 11 S and 16AS were used to determine the level of AR 
mRNA in 926203 fibroblasts relative to normal 2080. B The ethid
ium bromide-stained gel containing digested PCR products whose 
negative was scanned to obtain the results plotted in A. M = HaeIII
<I> X 174 markers; lanes 1-9 = the dilution series of the competitor AR 
cDNA ranged from 400 to 1.6 pg/reaction for 2080 and from 50 to 
0.2 pg/reaction for 926203. C The ethidium bromide-stained gel 
showing undigested exon 4-7 products of reverse transcribed 4479 
fibroblast mRNA (sample) and the same plasmid competitor AR 
cDNA used above (competitor). The competitor ranged from 50 to 
0.4 pg/reaction (lanes 1-8). No competitor was included in lane 9. 
HaeIII-<I>XI74 marker sizes are indicated. 
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Fig. 6. Total celllysates from 926203, 7534Q (one of two sub
strains from the mother of 4479),4479,8812,2200 and 2080 fibro
blasts (350 /lg protein each) were electrophoresed on a 7% SDS
PAGE gel. AR genotype is indicated below: Intl(+3insT) and 
Int6(+3A>T) = +3 splice-donor site mutations; AR del = complete 
deletion of AR; + = normal. The blot was probed with (A) an AR
specific monoclonal antibody F39.4.1, then (B) a 70-kD heat shock 
protein (hsp )-specific monoclonal antibody to control for amount of 
protein loaded. The blot was developed using the ECL Western blot
ting chemiluminescence detection system (Amersham). The sizes of 
the Rainbow protein molecular weight markers (Amersham) are 
shown. 

ment with the consensus (table 2). The Int6( + 3A > T) 
mutation drops the intron 6 CV from 79.7 to 69.7, a lower 
score than that for any normal splice-donor site in the AR 
or splice-donor sites in general. 

Discussion 

Cooper and Krawczak [26] estimated that point muta
tions altering mRNA splicing represent - 15 % of all those 
causing human genetic disease, and splice-donor sites are 
more often affected than splice-acceptor sites [27]. As of 
October 1996, only 6 (including the 2 reported here) ofthe 
143 (4.2%) point mutations or small deletions or inser
tions associated with androgen insensitivity in the AR 
Gene Mutations Database [2] affect splicing; and, appro-

Eur J Hum Genet 1997;5:50-58 55 



Table 2. AR splice-donor site consensus 
Splice-donor Primate nucleotide frequency at given positions, % CVa values 
position 

-2 -1 +1 +2 +3 +4 +5 +6 

Intron 1 C G G T A A G T 
13 78 100 100 57 71 84 47 91.8 

Int1(+3insT) C G G T T A A G 
13 78 100 100 2 71 5 22 62.8 

Intron 6 T A G T A A G T 
15 10 100 100 57 71 84 47 79.7 

Int6( + 3A> T) T A G T T A G T 
15 10 100 100 2 71 84 47 69.7 

a Consensus value calculated according to the method of Shapiro and Senapathy [25]. 

priately, 5 of the 6 are at splice-donor sites. Despite their 
infrequency, the analysis of natural splicing mutations 
can illuminate basic mechanisms of mRNA transcription 
and processing. Three of the 4 AR splice mutations 
reported previously [3-5] caused complete androgen in
sensitivity by substitution at the invariant + 1 G position 
of the intron 3, 4, or 7 splice-donor sites. In the fourth, 
deletion of the intron 2 branch-point sequence caused 
partial androgen insensitivity [28]. The 2 mutations de
scribed here affirm that alterations at the + 3 position of a 
splice-donor site disrupt normal AR mRNA processing as 
much as alterations at the + 1 position. Splice-donor site 
+ 3 mutations have been incriminated as the cause of 
human genetic disease in 14 other cases [6-17 and refer
ences therein]. Of the total, 3 are +3 A> T [8,12,17], as in 
our subject 4479, and 4 are +3insT [6, 9,11,14], as in our 
subject 926203. 

The phenotypic consequence of the AR Int1(+3insT) 
or the Int6(+3A > T) mutation is complete androgen 
insensitivity. LMSF from both hemizygous subjects, and 
from one of two Int6(A > T) heterozygous LMSF sub
strains (7534Q) had little androgen-binding activity and 
no AR protein detectable by Western blotting. AR mRNA 
was expressed at levels less than 10% of normal in both 
cases, indicating that mRNA processing is adversely af
fected by both + 3 splice-donor site mutations. Analysis of 
RT-PCR products from 4479 [Int6(A> T)] demonstrated 
that mutant mRNA was produced; exon 6 was skipped. 
Exon skipping was also observed in the 75 34Q substrain 
but not in the 7534 sub strain. This may be explained by 
the chance development of two different LMSF subpopu
lations with differential X-chromosome inactivation. The 
active X chromosome in the 7534 cells must bear the nor
mal allele and thus produce normal AR protein capable of 
binding androgen, while the 7534Q cells express the mu-

56 Eur J Hum Genet 1997;5:50-58 

tant allele, as confirmed by determination of polyglutam
ine-codon tract lengths in RT-PCR products. 

We were not able to demonstrate aberrant splicing in 
LMSF of 926203 [Int1(+3insT)], despite the fact that 
splice-donor mutations can cause cryptic splice-site utili
zation or intron retention in addition to exon skipping 
[29]. Presumably exon 1 skipping does not occur in strain 
926203 because there is no upstream slice-donor site to 
which the splice-acceptor site of exon 2 can be joined. In 
the single other case with a + 3 splice-donor site mutation 
in intron 1, two mutant transcripts utilizing a cryptic 
splice site 20 bp into intron 1 were detected [14]. Atypi
cally, in one of these transcripts, skipping of exon 2, but 
not of the exon upstream of the mutation (exon 1), 
occurred. With the exception of one pair of primers whose 
product contained a normal junction, PCR amplification 
with multiple primer pairs spanning the exonllexon 2 
boundary of 926203 did not generate any DNA frag
ments. This indicates that cryptic splice sites in the imme
diate vicinity of the normal splice-donor site of exon 1 in 
926203 were not used. This also suggests that the low level 
AR mRNA measured by competitive RT-PCR in 926203 
was probably spliced normally. Retention of intron I 
would have resulted in addition of> 24 kb to the already 
lengthy AR message ( - 8 or 11 kb), but Northern analysis 
of 926203 poly A+ RNA also failed to reveal any longer 
than normal AR mRNA species. Possibly, long-range 
PCR would be a more sensitive technique for revealing 
abnormal splicing patterns in 926203. 

Base changes that alter the splice-donor site consensus 
sequence severely could hinder base-pairing between the 
3' UCCAUUCA 5' sequence at the 5' end of Ul snRNA 
and the 5' AG:GUAIGAGU 3' consensus sequence of a 
mammalian splice-donor site and therefore affect spliceo
some assembly [30]. The consensus values calculated for 
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the mutations described here indicate serious alteration of 
the consensus sequence at the exon-intron borders 1 and 
6. The consequence for Int1(+3insT) is a markedly re
duced amount of normal mRNA; that for Int6( + 3A > T), 
a markedly reduced amount of aberrant mRNA, rein
forces the exon definition mode of splice-site selection 
[31]. Exon skipping results when the splice-donor site of 
the previous exon is joined to the splice-acceptor site of 
the following exon; this was demonstrated clearly for the 
Int6( + 3A > T) mutation. Classical exon skipping also 
occurs with 12 of the 14 intron +3 mutations previously 
recognized as causing human genetic disease; it was not 
sought in the 14th case [11]. 

full-length mRNA due to premature termination of trans
lation has been reported for human ~-globin trans-genes 
containing nonsense codons [33]. In any event, any pro
tein translated from the mutant transcript would be 
unable to bind androgen, and it is not sufficiently stable to 
be detectable by Western blotting. Likewise, the low 
amount of normal AR mRNA found in 926203 isinsuffi
cient to support any male sexual morphogenesis. 

In conclusion, the abnormal mRNA expression caused 
by the two AR mutations reported herein demonstrates 
the critical role that the + 3 position of a splice-donor site 
can play in mRNA processing and development of human 
disease. 

As a consequence of exon skipping, the Int6( + 3A > T) 
mutation yields a mutant transcript that is predicted to 
generate a premature stop codon (PSC) in the proximal 
portion of exon 7, the penultimate exon of the AR. Such 
PSCs are usually associated with a reduced level of 
mRNA, rather than production of a truncated polypep
tide. This is explainable by the 'translational transloca
tion' or 'nuclear scanning' models that link normal nu
clear-cytoplasmic transport of mRNA to the integrity of 
mRNA translation [32]. Indeed, destabilization of the 
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