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Localisation of a gene implicated in a severe speech

and language disorder

Simon E. Fisher!, Faraneh Vargha-Khadem?, Kate E. Watkins?, Anthony P. Monaco! & Marcus E. Pembrey®

Between 2 and 5% of children who are otherwise unimpaired
have significant difficulties in acquiring expressive and/or recep-
tive language, despite adequate intelligence and opportunity®2.
While twin studies indicate a significant role for genetic factors
in developmental disorders of speech and language’, the major-
ity of families segregating such disorders show complex pat-
terns of inheritance, and are thus not amenable for conventional
linkage analysis?. A rare exception is the KE family, a large three-
generation pedigree in which approximately half of the mem-
bers are affected with a severe speech and language disorder
which appears to be transmitted as an autosomal dominant
monogenic trait3. This family has been widely publicised as suf-
fering primarily from a defect in the use of grammatical suffixa-
tion rules®”7, thus supposedly supporting the existence of genes
specific to grammar. The phenotype, however, is broader in
nature, with virtually every aspect of grammar and of language
affected?-10, In addition, affected members have a severe orofa-
cial dyspraxia, and their speech is largely incomprehensible to
the naive listener'0. We initiated a genome-wide search for link-
age in the KE family and have identified a region on chromo-
some 7 which co-segregates with the speech and language
disorder (maximum lod score = 6.62 at 6 = 0.0), confirming auto-
somal dominant inheritance with full penetrance. Further analy-
sis of microsatellites from within the region enabled us to fine
map the locus responsible (designated SPCH7) to a 5.6-cM inter-
val in 7q31, thus providing an important step towards its identi-
fication. Isolation of SPCHT may offer the first insight into the
molecular genetics of the developmental process that culmi-
nates in speech and language.

The precise nature of the disorder segregating in the KE family
has been the subject of considerable debate®>#19, and has
played a key role in discussions on the innate aspects of lan-
guage®711. Some authors have suggested that the affected family
members suffer primarily from an impairment in generating
word endings in accordance with grammatical rules®>. This is
often cited as evidence in favour of genes related to- specific
aspects of grammar®711, Other studies have, however, shown
that the disorder does not predominantly affect any specific facet
of grammatical ability, but instead pervades virtually all aspects
of grammar and expressive language, and involves grossly defec-
tive articulation characterized as a severe speech dyspraxia® . In
addition, affected individuals have an underlying impairment in
co-ordination of the orofacial musculature affecting non-speech
movements (an orofacial dyspraxia; ref. 10). Both the orofacial
and speech dyspraxias are present in all affected family members,
appearing early in their development and persisting throughout
their adult life!®. Finally, there is evidence of cognitive impair-
ment among affected family members, with more profound
deficits in the verbal domain!®. As a result, the full-scale IQs of
thirteen affected individuals ranged from 63 to 101, with seven
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Fig. 1 Pedigree of the speech and language disorder family KE. Affected indi-
viduals are shaded. Asterisks indicate those individuals who were unavailable
for linkage analysis.

falling below the low average range (80-89) and two scoring 81,
in contrast to the eight unaffected individuals tested, whose IQs
ranged from 82-118.

Analysis of the KE pedigree (Fig. 1) supports a simple genetic
basis for their disorder. About half of the family members are
affected, and these include males and females in similar number.
In addition, the affected male I1-6 has passed on the trait to only
one of his three daughters. This inheritance pattern weighs
against X-linkage and suggests that the disorder is due to a fully
penetrant single locus with an autosomal dominant form of
transmission. Cytogenetic analysis of affected subjects I1-6 and
11-9 failed to reveal any visible chromosomal abnormality.

In light of this, we initiated a genome-wide search for linkage
in 27 members of this pedigree, using fluorescence-based geno-

I
(8]
=
(]
=
N
o
=
&
—
=
=
&

I

-1 m-iz  1-19

D78527

5[z 13 1B 11 11 501 501 51

prssis 3|3 2|3 112 12 12 52 52 32
1§53 2 |1 2|1 12 12 v .22 22 22
brssor 3 ) 42 ta 34 3 34 34 34
L prsusy a4 ls Ls 51 5t 5 21 [N
Topswys 5|3 13 11 21 2 31 3 11
| prsas 22 4|2 2 4 14 1 34 3 24
SPCHI [ prssm 62 4[] 34 34 3 54 5 L4
| crTR 3 |3 103 ! 11, L 21 2 31
D7S6e3 4 | 12 41 2 [ 2 4 4 31
pisiso 7|2 12 51 6 {2 6 b 1 31
prsass 2 1 3h 33 1h 1 23 2 23
prss7 1|3 13 31 (3 1 31 3 11
prssed 2 |4 114 [ 4|4 4 I 1 Hoha
D78530 2 6] 4 sl 54 s |8 5 sE s s

Fig. 2 Haplotypes of a representative selection of informative markers from
the D75527-D75530 region of chromosome 7 for key members of the KE pedi-
gree. Numbers used to identify individuals correspond to those in Fig. 1.
Paternal haplotypes are on the left, maternal on the right. Boxed areas repre-
sent the haplotype which co-segregates with the disorder. Arrows show the
positions of recombination events involving the disease chromosome. The
region implicated by this analysis is indicated by a shaded line to the left of the
loci. All affected members who are not shown in this figure have inherited the
non-recombinant disorder-associated haplotype for this region.

"Wellcome Trust Centre for Human Genetics, University of Oxford, Windmill Road, Oxford, OX3 7BN, UK. ?Cognitive Neuroscience Unit, Institute of Child
Health, The Wolfson Centre, Mecklenburgh Square, London, WCIN 2AP, UK. *Mothercare Unit of Clinical Genetics and Fetal Medicine, Institute of Child
Health, 30 Guilford St., London, WCIN 1EH, UK. Correspondence should be addressed to A.P.M. e-mail: anthony.monaco@well.ox.ac.uk

168

nature genetics volume 18 february 1998



@l © 1998 Nature Publishing Group http://www.nature.com/naturegenetics

letter

typing of microsatellite markers spaced evenly
throughout the genome!?, Strong evidence in

Table 1+ Pairwise lod scores for linkage of SPCH17 to 7¢q markers

favour of linkage was found for markers on the long
arm of chromosome 7, with two closely linked

markers, D75486 and CFTR, giving maximal pair- LOCUS
wise lod scores of 6.22 and 5.46, respectively, bothat  p;c557»
zero recombination (Table 1). We also observed p7ss18
positive lod scores for D78527 (Zmax=1.82 at D752453
6=0.158) and D7S530 (Zmax=2.76 at 6=0.131) g;gg% 0
which map on either side of D75486 and CFTR. D75496
Analysis of the marker haplotypes identified six p7s2459

critical recombinants (Fig. 2), three placing the
SPCH1 locus telomeric to D75527 and three placing
it centromeric to D75530, thereby localising the
gene to the 27.4-cM region between these markers.
We further investigated family KE with a large num-
ber of additional markers from this interval,
selected from the most recent version of the
Généthon human linkage map!3. Of the 20 markers
which were found to be informative for this pedi-
gree, all showed linkage to the trait, and 18 gave
pairwise maximal lod scores exceeding 3 (Table 1).

Multipoint mapping indicated that the 3 lod unit g;gggz
confidence interval for the location of SPCHI1 spans D752486
a 5.6-cM region in chromosomal band 7q31, D75487
flanked by D752459 and D75643 (Fig. 3). Peak mul- g; gg% .

Recombination fractions (6)

Dist(cM) 0.00  0.05 010 020  6prax  Zmax
3.9 o 1.16 1.69 177 0158  1.82
3.8 o 274 294 267 0105 294
3.1 oo 1.27 1.46 119 0103  1.46
0.9 oo 4.55 436 359 0045 455
0.0 o 4.41 419 337 0043 441
0.0 —o 334 344 297 0087 345
0.8 o 4.83 462 379 0043 484

0.9 —o0 4.83 4.62 3.79 0.043 4.83
2.2 —oo 4.62 4.4 3.61 0.044 4.63
0.6 —o0 4.55 4.36 3.59 0.045 4.55
2.6 3.58 3.25 2.90 2.15 0.000 3.58
3.8 —oo 3.45 3.34 2.75 0.054 3.45

—o0 2.27 2.71 2.59 0.131 2.76

tipoint lod scores of 6.62 were found in the 3.8-cM
interval between D752425 and CFTR. These results
were verified by direct inspection of haplotypes. The
recombinations in affected female III-12 and unaf-
fected male III-3 define D752459 and D75643 as

Markers are listed in the order proximal-distal. Distances between neighbouring markers are
from the latest Généthon linkage map'3. Markers indicated with an asterisk were part of the
HGMP set'? used in the genome-wide linkage search; the remaining markers were used for
fine mapping of the implicated region. Shading indicates the 3.8-5.6 cM region that co-seg-
regates perfectly with the disorder.

proximal and distal limits for the locus associated
with the disorder (Fig. 2).

The region of 7q implicated in the KE family contains several
genes encoding proteins of known functions which may be good
candidates to test for mutations in affected individuals'4!>.
These include genes encoding a G-protein—activated phospho-
inositide-3 kinase, the interferon-related protein PC4 (which
may play a role in differentiative pathways induced by nerve
growth factor), Bravo/Nr-CAM (a neuronal cell adhesion mole-
cule), and WNT-2 (a putative signalling molecule involved in

development). In addition, a number of as yet uncharacterized
expressed sequence tags are known to map to this intervall415,
A search of the Human Cytogenetics Database!® revealed a
single report of an interstitial deletion involving 7q31 (ref. 17). A
seven-year old boy presenting with a dysmorphic face and
absence of speech, despite language comprehension and psy-
chomotor development equivalent to those of a five-year-old,
was found to have a deletion of 7q31.2-32.3. In the absence of
further cytogenetic clues, identification of additional

multipoint lod score
)

ralill

families with an articulatory/expressive language disorder
co-segregating with 7q31 markers is likely to be impor-
tant for isolation of SPCHI.

A recent genome screen for susceptibility to autism
has suggested linkage to an interval of approximately
40cM between D75527 and D75483 in 7q, with a maxi-
mum multipoint lod score of 3.55 in 56 UK affected sib-
pair - families!8. Given the high prevalence of language
delay amongst autistic probands, it is intriguing to note
that the region implicated herein overlaps with that
identified in the autism study.

Our data indicate that the disorder segregating in the
KE family is likely to have resulted from the disruption of
a single gene. At this stage, however, we cannot discount

D75524
D78527 ~—
D7IS518
D75501 —
D75523
CFTR —
D75430 —1
D7S487 ~—
D755# —
D75530 —

the alternative possibility that the different components

l '] |
g 3§ SBPFE% 3 3 .
£ 5HR KSR & §  of the phenotypic profile are the consequence of a con-
c ; tiguous m1_crodfelet10n involving several genes in 7q3-1.
towards 7een SeM 3 lod unit support interval wwaas7ger  This issue is being resolved by the analysis of a somatic

Fig. 3 Multipoint mapping using data from all informative markers in the region iden-
tifies a 5.6-cM interval in 7g31 as the 3 lod unit support interval for the location of the
SPCH1 locus. Multipoint lod scores were obtained from a series of sequential 9-point
analyses using the VITESSE algorithm?? and the latest Généthon map'3. Positions of the

selection of markers from Fig. 2 are indicated.
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hybrid containing the disease chromosome using a series
of closely spaced markers from 7q31 (ref. 15). If these
investigations do uncover a microdeletion, they will
greatly facilitate the future identification of the gene or
genes involved.
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Recently, brain imaging studies of affected and unaffected
members of the KE pedigree were carried out to investigate the
neural correlates of the disorder found in this family (EV.-K. et
al., unpublished studies). The findings suggest that mutation at
the SPCHI locus results in functional abnormalities in motor-
related areas of the frontal lobe, and that these are due, in turn, to
abnormal anatomical development of several brain areas, with a
key site of pathology being located in the neostriatum. Analysis
of the gene, once identified, could therefore further our under-
standing of both the structure and function of the fronto-neos-
triatal system.

In conclusion, this study has provided the first formal evi-
dence for a single autosomal dominant gene involved in a speech
and language disorder, and represents a major step towards its
identification. Given the phenotypic profile of affected family
members, this gene is unlikely to be one specifically involved in
grammar. Nevertheless, it is clearly crucial for the normal acqui-
sition of language skills, and isolation of the SPCHI locus may
thus provide valuable insight into the molecular genetics of the
developmental process that culminates in speech and language.

Methods

Semi-automated genotyping. A selection of microsatellite markers from
the UK Human Genome Mapping Project (HGMP) set!? were used in the
genome search. PCR primers were labelled with either 6-FAM, HEX or
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TET phosphoramidite (Applied Biosystems). Pooled products were run
on a 373A sequencer (Applied Biosystems), followed by analysis with
GENESCAN™ (Ver 2.0) and GENOTYPER™ (Ver 1.1) software to derive
allele sizes.

Linkage analysis. Two point lod scores were calculated using the MLINK
and ILINK options of the LINKAGE package (version 5.1; ref. 19).
Multipoint analyses were performed with the VITESSE algorithm?, using
subsets of eight markers at a time. The sex-averaged marker map used for
this analysis was derived from the latest Généthon data'? and was as follows:
D78669-7.1-D75524-11.0-D78527-3.9-D75518-3.8-D752453-3.1-D75501-
0.9-D752420-0.0-D75496-0.0-D752459-0.8—-D752425-0.0-D75692~1.9—
D75687-0.0-D752418-0.5-D78523-0.0-D752554-1.2~D75522-0.0-D752460—
0.1-D78633-0.1-D75486—0.0-CFTR—-1.0-D75643-0.9-D75480-2.2-D752486~
0.6-D75487-2.6-D78504-3.8-D75530~13.2-D75684, with distances in
centiMorgans. Marker haplotypes inferred from our data were indepen-
dently verified using the SIMWALK?2 computer program?!.
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