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The metabotropic glutamate receptor 8 gene at 7q31:
partial duplication and possible association with autism
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dizygotic twin risk ratio in autistic disorder and a sib rela-

tive risk between 50 to 100, suggesting that the predispo-
sition to develop autism is largely genetically determined.'*
The family, twin, and linkage data suggest that inheritance of
autism is complex, and multiple genes interacting in variable
combinations in additive, multiplicative, epistatic, or as yet
unknown fashions are involved.

There is strong support for a role of the chromosome
7q21-34 region in the aetiology of both autism and language
disorders.” Several whole genome screens have found some
evidence of excess allele sharing in an overlapping 60 cM
region of 7gq21-34 in autism.*” FOXP2, a gene on 7q31, is
mutated in a severe form of speech and language impairment
segregating within a single large pedigree, but a recent study
found no association with autism." A recent report has found
nominally significant association of the WNT2 gene at 7q31
with autism but a subsequent study has reported no
association." ** A recent study has suggested that the reelin
gene at 7q22 may be one of the loci contributing to positive
linkage between chromosome 7 and autistic disorder, but
most likely not the major one."”

The 7q31 region contains the GRMS8 gene, a good positional
and functional candidate for susceptibility to autism. Based
upon animal model, neurochemical, and neuropharmacologi-
cal studies, autism has been proposed to be a hypoglutamater-
gic disorder." There is a report of alterations in the glutamate
neurotransmitter system in postmortem brains of autistic
subjects.” A form of protein synthesis dependent synaptic
plasticity, long term depression, which is triggered by
activation of metabotropic glutamate receptors, is selectively
enhanced in the hippocampus of mutant mice lacking
FMRP." Given that many fragile X syndrome patients exhibit
autistic features, this finding suggests that the metabotropic
glutamate receptors may play a role in susceptibility to autism.
Finally, a recent study has reported linkage and association of
the inotropic GIuR6 gene on chromosome 6 with autism.'

Glutamate is a major excitatory neurotransmitter in human
brain and activates both the inotropic (NMDA, AMPA, and
kainate) and metabotropic glutamate receptors (mGluRs).
GRMBS is a member of the mGluRs."” The mGluRs are a family
of G protein coupled receptors that have been divided into
three groups. Group I includes GRM1 and GRMS5 and these
receptors activate phospholipase C. Group II (GRM2 and
GRM3) and group III (GRM4, 6,7 and 8) are negatively
coupled to cyclic AMP production, but differ in their agonist
selectivities.

A previous study has shown that the GRMS8 gene
encompasses approximately 1000 kb of DNA at the boundary
of the 7q31.3-q32.1 bands and has at least seven exons." The
sequence of the complete GRM8 gene is now available in the
GenBank database. Comparison of the GRM8 cDNA (Acces-
sion NM_000845.1) with human chromosome 7 working draft
sequences shows that the gene spans 804 657 bp and includes
10 exons. The GRMS8 gene has three spliced isoforms including
a possible secreted isoform.” The 3’ part of the GRMS8 gene

F amily and twin studies have shown a high monozygotic to

e Several independent genome scans have shown linkage
of autism to the chromosome 7q21-32 region. The 7g31
region contains the metabotropic glutamate receptor 8
(GRM8) gene, a good positional and functional candi-
date for susceptibility to autism.

® We screened five single nucleotide polymorphisms
(SNPs) in exons 4, 6, 7, and 8, but these SNPs were
uninformative and not useful for association studies.
Investigation of SNPs in exons 3, 4, and 5 was also
complicated by the presence of an intrachromosomal
segmental duplication of the GRM8 gene that resides on
7p14 and contains nearly identical sequence to exons 3
to 5.

¢ We investigated informative SNPs in intron 8, exon 10,
and the 3’ region of the GRM8 gene for evidence of
association with autism using 196 multiplex autistic dis-
order families. TDT and quantitative TDT studies showed
a nominally significant difference in the transmission of
the SNPs and haplotypes to the autistic subjects.

e These data suggest the presence of a susceptibility
mutation in linkage disequilibrium with variants in the
GRM8 gene.

codes for the region of the protein involved in interaction with
intracellular proteins and receptor signalling.” We investi-
gated SNPs in intron 8, exon 10, and the 3' region of the GRMS8
gene for evidence of association with autism.

METHODS

Subjects

DNA samples from 196 families were obtained from the
Autism Genetic Resource Exchange (AGRE). AGRE, devel-
oped and maintained by the Cure Autism Now Foundation, is
a central repository of family DNA samples for genetic studies
of autism.*" All AGRE families included at least two affected
members with a diagnosis of autism, Asperger syndrome, or
pervasive developmental disorder (PDD) not otherwise speci-
fied. Diagnoses of AGRE families were confirmed using the
Autism Diagnostic Interview-Revised protocol (ADI-R). The
AGRE families have been used in a genome screen for
autism’ and genotype data from 200 families at an average 10
cM resolution are available online at the AGRE web site
(www.agre.org). ADI-R phenotypic data including ADI-R
items and algorithm scores are also available from the AGRE
web site. For the present study, a total of 890 subjects were
available.

GRM8 genotyping for linkage and association analyses

Genotyping of a G/A SNP (dbSNP ID 2237731) in intron 8 of
the GRMS8 gene was performed by a restriction enzyme based
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assay using Alul (New England Biolabs Inc, Beverly, MA)
using primers 5'-TGTGTGTGCACTTTTCCCTA-3' and 5'-
CCTGGTTGAATGGCAATTTT-3' and a PCR programme of 95°C
for seven minutes, 40 cycles of 95°C (30 seconds), 58°C (45
seconds), and 72°C (45 seconds), followed by 72°C (10
minutes). The product (149 bp) was digested by Alul, which
selectively digests the G allele, giving two fragments of 83 and
66 bp. The oligonucleotides 5'-CCAACACTTCCTCTA
CCAAGACA-3" and 5'-GGTTTCTTCACTCCCCGTTT3' were
used to amplify a 239 bp product containing exon 10 C/T SNP
(dbSNP: rs712723). Digestion of the amplified product with
BsmAI resulted in an invariant band of 121 bp and a biallelic
polymorphism with 85 and 33 bp bands if the C allele was
present and a band of 118 bp if the T allele was present. Geno-
typing of the A/G SNP (dbSNP: rs1800656) in the 3’ region of
the GRMS8 gene was performed by amplifying with primers
5'-TTCCGTCTACATGCAGCAAT3' and 5'-AGCTTCAACCCAGT
TACTGACA-3'. The product (129 bp) was digested by Hhal,
which selectively digests the G allele, giving two fragments of
70 and 59 bp.

Statistical and genetic analysis

The programs Pedcheck and MERLIN were used to find Men-
delian errors.”* Mistyping analyses were also performed
using Sim Walk2.* Samples with apparent recombination
between the markers were regenotyped. Marker allele
frequencies were obtained by counting parental genotypes.
Map distances were obtained from Marshfield and Genethon.
Linkage analysis (NPL scores) was performed by GENE-
HUNTER 2.1 software packages.” Linkage disequilibrium
between the markers was analysed by the Sim Walk2 and
GOLD software packages wusing parental gametic
haplotypes.* * The standardised pairwise disequilibrium value
D’ and coefficient of disequilibrium D were calculated. The
coefficient of disequilibrium, D, is the difference between the
observed haplotype frequency and the frequency expected
under statistical independence. The D’ measure is a proportion
of the maximum value of D, whose range extends from —1 to
+1, with -1 and +1 representing complete LD and 0
representing free association.

Family based association analyses were performed using
the transmission disequilibrium test (TDT), where preferential
allelic transmission from heterozygous parents to affected off-
spring is tested by applying the (b-c)?/(b+c) statistics and the
X° test.” TDT was performed by randomly selecting one
affected subject from each multiplex family. In this situation,
TDT is a valid test for association. Haplotypes of the SNPs
located in intron 8, exon 10, and GRMS8 3' region were
constructed on the basis of transmission patterns in families
in which both the parents were genotyped. When TDT is
applied to multilocus haplotypes, a bias may be introduced in
some families for which both parents have the same
heterozygous genotype at some locus.* Elimination of all cases
in which the two parents are identically heterozygous,
whether or not the offspring can reconstruct phase, results in
a conservative test but a robust estimate of gene effect as esti-
mated by transmission ratio. To eliminate this bias, all families
with doubly heterozygous parents were discarded so that the
standard TDT may be used. For each haplotype, a test with 1 df
for excess transmission of that haplotype was calculated.
Finally, a global test was also performed with H-1 df, by sum-
ming the chi-squared values for each haplotype and multiply-
ing the sum by (H-1)/H, where H is the number of haplotypes
for which transmission data are available. This statistic is
approximately chi-squared with H-1 degrees of freedom.” *’

We used the QTDT (Quantitative TDT) software package to
test association between the GRMS8 haplotypes and quantita-
tive traits.”” ADI-R items A12 (age at first word) and A13 (age
at phrase speech) were used as language traits. ADI-R
composite algorithm score D Total was used as a stereotyped
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behaviour trait. Age at first word refers to words repeated and
consistently used for the purpose of communication with ref-
erence to a particular concept. For age at first phrase, the
phrase must consist of two words, one of which must be a
verb. Subjects without any word or phrase speech by interview
time were coded by their current age if <6 years or 72 months
if >6 years. These three ADI-R items have shown increased
phenotypic correlations between sibs,” ** and have been used
in previous quantitative trait linkage studies.”

QTDT uses a variance component model that partitions
association into between and within family components.” *
When an orthogonal model of association is used, QTDT treats
linkage and association separately. Consequently, in contrast
to other methods that provide tests of disequilibrium only in
minimal family configurations,”” the orthogonal method
does not detect linkage in the absence of disequilibrium in
nuclear families of any configuration. In QTDT, evidence of
association is evaluated by a likelihood ratio test. To
accommodate parent of origin effects, the additive component
of variance can be partitioned into a component that reflects
the influence of the quantitative locus (QTL) carried on the
maternally derived chromosome and a component that
reflects the influence of the QTL carried on the paternally
derived chromosome. The likelihood ratio test can be used to
test for a QTL on either the maternally or paternally derived
chromosome. Alternatively a full modelling for association
with alleles derived from either or both parents can be
conducted by comparing the model allowing for parent of ori-
gin effects with a model in which both maternal and paternal
additive variance components are constrained to equal 0. In
addition to the parent of origin analysis, other options that are
available in the QTDT analysis include use of covariates such
as sex, parental phenotype, or user defined covariates and
various association models.

RESULTS

Screening of exonic variants and partial duplication of
the GRM8 gene

A review of the SNP databases showed that 10 SNPs are avail-
able in exons 1,4, 7, 8,9, and 10 of the GRMS8 gene. In the ini-
tial screening of four variants in exon 6 (G/A variant at cDNA
position 1232, dbSNP: 1s2234947), exon 7 (C/T variant at
¢DNA position 1521, dbSNP: rs769198), and exon 8 (a T/G
variant at cDNA positions 1700, dbSNP: rs2234948 and a C/G
variant at cDNA position 2215, dbSNP: rs769201), all subjects
had only one allele. The same allele was present in the autistic
subjects and unaffected sibs suggesting that these variants do
not represent mutation in the affected subjects. The annota-
tions in the SNP databases (NCBI dbSNP, the Human Genome
Variation Database, and the Japanese SNP database) also
showed that the frequencies of the rare allele of these SNPs
were approximately 0.01 or less. These findings suggest that
these SNPs represent rare variants and are not useful for
association studies in our sample of 196 families.

Genotyping of a variant in exon 4 (apparent C/G variant,
¢DNA position 960, dbSNP: rs2234946) showed heterozygous
alleles in 175 subjects from 50 families with autism spectrum
disorder. This was corroborated by sequencing of exon 4 in 16
subjects with autistic disorder. The apparently heterozygous
genotype in all subjects tested suggested the presence of a
pseudogene for GRM8 with nearly identical sequence for exon
4. Blast analysis using exon 4 sequence showed 99% identity
with sequences from RP13-157F18 clone (Accession number
AC104057.4) which maps to 7p14. Blast analysis also showed
the presence of duplicated exons 3-5 on 7pl4, suggesting
duplicative transposition of 49 kb of genomic DNA from 7q31
to 7pl4. The duplicated sequences contain exons and introns
as well as repeat elements.

The GRMS8 DNA segment spanning part of intron 2, exons
3-5, and part of intron 5 from nucleotide (nt) 19084809 to nt
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Figure 1

(A) Physical contigs at 731 and 7p14 showing the GRM8 gene duplication. The duplicated DNA segment of the contig

NT_030001.4 at 7p14 shows 96% homology with the GRM8 DNA segment spanning part of intron 2, exons 3-5, and part of intron 5 of the
contig NT_007933.9 at 7q31. Duplications of a 13051 bp segment of the GRM8 intron 5 were present in additional locations at 7p14. (B)
The duplicated region corresponding to GRM8 exons 3-5 showing six nucleotide differences between the exons and the duplicated segment.
The nucleotide differences change the amino acid composition at cDNA (Accession NM_000845.1) positions 859 (CGC to TGC: arginine to
cystine), 1085 (CGA to CAA: arginine to glutamine), and 1100 (CGA to CAA: arginine to glutamine).

19035893 of the contig NT 007933.9 at 7q31 shows 96%
homology with the duplicated DNA segment from nt 1935980
to nt 2036151 of the contig NT 030001.4 at 7p14 (fig 1A). In
addition, duplications of a 13 051 bp segment (nt 19053270 to
nt 19040220 of the contig NT 007933.9) of the GRMS intron 5
are present in additional locations at 7p14 (nt 1953376 to nt
1940337, and nt 2460062 to nt 2446976 of the contig
NT 030001.4) (fig 1A and data not shown).

Linkage and association analyses of the GRM8 gene in
autistic subjects

There is evidence that the C terminal region of the gene is
involved in the regulation of the GRMS function.” We investi-
gated three apparently non-functional but informative SNPs
in the GRMS gene for evidence of association with autism. The
G/A SNP (dbSNP: rs2237731) in intron 8 of the GRMS8 gene is
located 16.3 kb from exon 9 and approximately 70 kb from
exon 8. The C/T polymorphism (dbSNP: rs712723) in exon 10
is located at the cDNA position 2813 (Accession
NM _000845.1), 29 bp downstream of the stop codon in the 3’
untranslated region of the gene, approximately 25 kb from the
intron 8 SNP. The 3' SNP is located 1.4 kb 3’ to the exon 10 SNP.
The intron 8, exon 10, and 3' SNPs are located on the chromo-
some 7 genomic contig NT 007933.9 at nucleotide positions
18624385, 18600285, and 18598846.

We studied a total of 220 affected sib pairs in 196 families.
The detectable genotype errors in the sample were less than
0.1%. We performed two point non-parametric sib pair analy-
ses to test for linkage of autism to the intron 8, exon 10, and 3'
SNPs using the software package GENEHUNTER.” Single
point linkage analysis using 196 families yielded NPL scores of
1.09, 0.47, and 0.42 at the intron 8, exon 10, and 3' SNP loci
respectively. Multipoint analysis of the three SNPs showed a
multipoint NPL score of 1.41 at the intron 8 locus.

TDT was performed using the three SNPs. The allele
frequencies of the intron 8 SNP were 0.36 for the A allele and

0.64 for the G allele. The allele frequencies of the exon 10 SNP
were 0.42 for the C allele and 0.58 for the T allele. The allele
frequencies of the GRMS8 3' SNP were 0.43 for the A allele and
0.57 for the G allele. The intron 8, exon 10, and 3" SNPs were
typed in 96.5%, 95.7%, and 94.8% of the samples and had het-
erozygosities of 45.5%, 46.2%, and 47.4% respectively. There
was no deviation from Hardy-Weinberg equilibrium. The
intron 8 G/A, exon 10 C/T, and 3' A/G SNPs were in strong
linkage equilibrium (intron 8 and exon 10: n=750, df=1,
X°=381, p=0.0000, D=0.169, and D’'=0.788; intron 8 and 3'
SNP: n=750, df=1, x’=371, p=0.0000, D=0.168, and
D'=0.797; exon 10 and 3' SNP: n=749, df=1, x’=674,
p=0.0000, D=0.231, and D'=0.972).

The transmission of alleles and haplotypes of three SNPs
from heterozygous parents to affected offspring was examined
to determine their influence on susceptibility to autism.” TDT
was performed by randomly selecting one affected subject
from each multiplex family. In this situation, TDT is a valid test
for association. When TDT is applied to multilocus haplotypes,
a bias may be introduced in some families for which both par-
ents have the same heterozygous genotype at some locus.” To
eliminate this bias, all families with doubly heterozygous par-
ents were discarded so that the standard TDT may be used.
There was nominally significant association between autistic
disorder and the intron 8 G/A SNP (p=0.056), the exon 10 C/T
SNP (p=0.021), and the GRM8 3' SNP (p=0.027) (table 1). To
detect linkage disequilibrium between specific GRM8 haplo-
types and autism, we reconstructed haplotypes transmitted to
autistic subjects. There was a nominally significant difference
in the transmission of haplotypes to subjects with autistic dis-
order (global x’=11.28, df=4, p=0.023) (table 1). The GTG
haplotype was more often transmitted (p=0.020) to autistic
subjects (table 1).

Among subjects with autistic disorders, the GRM8 haplo-
types were associated with differences in the language quan-
titative scores in the ADI-R. For example, the mean age at first
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Table 1 TDT studies of GRM8 SNPs and haplotypes.
Allele or
haplotype T NT X2 p value
Intron 8 SNP A 31 48 3.66 0.056
G 48 31 3.66 0.056
Exon 10 SNP C 31 52 5.31 0.021
T 52 31 5.31 0.021
3" SNP A 31 51 4.66 0.027
G 51 31 4.66 0.027
Haplotype of intron 8 and  AC 20 33 3.19 0.074 Global
exon 10 SNPs AT 2 8 3.60 0.058 x?=9.015
GC 10 10 0.00 1.000 df=3, p = 0.029
GT 44 25 5.23 0.022
Haplotype of exon 10 and CA 29 47 4.26 0.036 Global
3" SNPs TA + CG 3 6 1.00 0.317 X2 =7.427
G 48 27 5.88 0.015 df =2, p=0.024
Haplotype of intron 8, ACA 19 31 2.88 0.089 Global
exon 10, and 3' SNPs ATA + GTA 0 3 3.00 0.083 x2=11.28
ATG 2 7 2.78 0.095 df = 4, p=0.023
GCA 10 9 0.05 0.818
GG 43 24 5.39 0.020
T indicates transmitted and NT indicates not transmitted

word (ADI-R item A12) for subjects who are homozygous for
the GTG haplotype, which was more often transmitted to sub-
jects with autistic disorder, was 33.5 months (n=81, SD 20),
whereas the mean age at first word for subjects who are
homozygous for the ACA haplotype, which was less often
transmitted to subjects with autistic disorder, was 28 months
(n=21, SD 18).

Quantitative TDT studies

The QTDT package™ was used to test association between the
haplotypes of GRM8 gene and the quantitative traits. Age at
first word, age at phrase speech, and ADI-R scores for
stereotypic behaviour were used as quantitative traits. Some
types of non-normality in phenotypic distribution, such as
marked leptokurtosis, inflate type I error rates in variance
component studies, especially when there is high phenotypic
correlations among sibs.” The quantitative traits, age at first
word (n=275, mean=31.1 months, SD=17.7, range 10-85,
kurtosis —0.246, and skewness 0.7), age at phrase speech
(n=233, mean=45 months, SD=18.4, range 11-108, kurtosis
—-0.207, and skewness 0.434) and composite algorithm score
for stereotypic behaviour (n=377, mean=5.53, SD=2.6, range
0-12, kurtosis —0.083, and skewness 0.361) did not show such
leptokurtosis.

QTDT uses a variance component model and evaluates
association by a likelihood ratio test. The variance components
include common environment shared by all family members,
non-shared environment unique to each family member,
polygenic effects that are a function of relatedness between
family members, and additive major gene effect that
represents the additive effect of linkage to a major gene. There
was evidence for polygenic effects for the three quantitative
traits (age at first word, p=0.008, age at phrase speech,
p=0.06, and stereotypic behaviour, p=0.0001) in AGRE fami-
lies. There is also evidence for additive effect of linkage of the
quantitative traits (age at phrase speech, p=0.003, and stereo-
typic behaviour, p=0.01) to GRMS8 haplotypes.

There was significant difference in the transmission of the
maternal haplotypes to subjects with autistic disorder (GTG
haplotype: age at first word, p=0.003; ACA haplotype: age at
first word, p = 0.0067, stereotypic behaviour algorithm score D
total, p=0.049). The overall Bonferroni significance level for
the association of the maternal GTG haplotypes with age at
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first word was 0.024. There was no significant association
between the paternal haplotypes and the language and stereo-
typic behaviour quantitative traits (the most significant result:
GTG haplotype and age at phrase speech, p=0.2; nine tests,
overall Bonferroni significance level 0.87). Using sex as a cov-
ariate and a saturated model for parent of origin effects where
paternal and maternal alleles were modelled separately
(options “—cs —of ” in the qtdt analysis), the most significant
association was between the GTG haplotype and age at first
word (p=0.0021, nine tests, overall Bonferroni significance
level 0.018). There was significant difference in the transmis-
sion of maternal and paternal alleles (p=0.0007, nine tests,
overall Bonferroni significance level 0.006). The QTDT
program includes a permutation framework, which allows the
derivation of empirical p values for the sample being
evaluated. These permutations condition on the trait distribu-
tion, linkage, and familiality, and correct for small sample
sizes or deviation of quantitative traits from multivariate nor-
mality. When we performed 1000 permutations for each of the
above traits, the most significant association was between the
GTG haplotype and age at first word (p=0.009).

DISCUSSION
GRMS8 is a member of metabotropic glutamate receptors,
which negatively modulate glutamate transmission and thus
serve to prevent pathological changes in neuronal hyperexcit-
ability and homeostasis.” Thus, dysfunction of the GRMS8 gene
may result in neuronal damage. Recent studies have shown
presynaptic and glial cell localisation of GRM8 in several
regions of the brain including pontine grey, lateral reticular
nucleus of the thalamus, olfactory bulb, and pyriform cortex
and to a lesser extent hippocampus, caudate, cerebellum, and
cerebral cortex.” These regions have been consistently
reported to be anatomically abnormal in autistic subjects.**
TDT studies were suggestive of linkage disequilibrium
between autistic disorder and variants in the GRM8 gene. Our
studies showed nominally significant association of the autis-
tic disorder with SNPs and haplotypes of the GRM8 3' gene
region, which is consistent with a susceptibility mutation in
the GRMS or a nearby gene. So far we have performed linkage
disequilibrium and association analyses with informative but
apparently non-functional SNPs. The modest level of evidence
may be a chance finding, but it is also consistent with a gene


http://jmg.bmj.com

50f6

of moderate effect or a gene acting epistatically with other
genes. Linkage disequilibrium studies using additional vari-
ants throughout the gene as well as studies in a larger sample
are necessary fully to assess the role of the GRMS8 gene in sus-
ceptibility to autism.

Quantitative phenotype scores contain more information
than is provided by dichotomous traits. The 7q linkage
evidence obtained by analysing the quantitative language
items was several fold stronger than that obtained by the
qualitative 10 cM scan based on the narrow or broad autism
diagnosis.” ** In this report, the QTDT evidence for association
of language quantitative traits (age at first word or age at
phrase speech) in autism with haplotypes of the GRMS8 gene
was stronger than that provided by TDT studies of the discrete
trait.

We also report here an intrachromosomal segmental dupli-
cation of the GRMS gene that resides on 7pl4 and contains a
nearly identical sequence to exons 3-5 including introns 3 and
4. This region of 7p14 contains duplicated stretches of mosaic
and juxtaposed sequences originating from different parts of
chromosome 7 and other chromosomes (data not shown). The
mechanism of the duplication is unclear, but junctions of the
duplicated fragments contain Line-like repeats L1, L2, and
simple repeat elements.

The duplicated region corresponding to GRMS8 exons 3-5 are
99% homologous with the GRM8 exons with six nucleotide
differences between the exons and the duplicated segment.
The nucleotide differences do not introduce any stop codon
but change the amino acid composition at cDNA (Accession
NM _000845.1) positions 859 (CGC to TGC: arginine to
cystine), 1085 (CGA to CAA: arginine to glutamine), and 1100
(CGA to CAA: arginine to glutamine). Genotyping of an
apparent G/C polymorphism corresponding to the cDNA
(Accession NM_000845.1) position 960 (fig 1B, “g” in GRMS8
and “c” at the duplication) showed heterozygous genotypes in
175 subjects suggesting that the duplication is present in all
subjects. Genotyping of an apparent G/A (“a” in GRM8 and “g”
at the duplication) variant in intron 4 showed homozygous
GG sequences in some subjects, suggesting that this variant is
polymorphic in some subjects at the GRMS8 locus.

This segmental duplication may impact linkage and associ-
ation studies involving the GRMS8 gene. The SNP maps in the
databases over the exons 3-5 regions of the GRMS8 gene are
hampered by the duplication, leading to the annotation of
SNPs that simply represent variation between duplicated
sequences and the GRMS8 gene. Some SNPs cannot be tracked
owing to lack of unique sequence information. A recent report
indicates that such duplicated sequences may predispose to
large scale mitotic polymorphisms associated with complex
genetic traits.” There is also a report of large deletions at four
different sites in chromosomes 7 and 8 in kindreds with
autism.* Although it appears that the segmental duplication
of the GRMS8 gene is present in all subjects, fluorescence in situ
hybridisation studies using appropriate probes will be
required to resolve whether the duplication is mosaic or poly-
morphic. Additional studies will also help to clarify whether
this duplication predisposes to mutations at the GRM8 gene
locus by nucleotide exchange from the duplicated sequences
at 7pl4.
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