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Abstract Developmental dyslexia, or reading disability,
is a multigenic complex disease for which at least five
loci, i.e. DYX1–3 and DYX5–6, have been clearly identified
from the human genome. To date, DYX1C1 is the only
dyslexia candidate gene cloned. We have previously re-
ported linkage to 2p11 and 7q32 in 11 Finnish pedigrees.
Here, we report the fine mapping of the approximately
40-cM linked region from chromosome 2 as we increased
marker density to one per 1.8 cM. Linkage was supported
with the highest NPL score of 3.0 (P=0.001) for marker
D2S2216. Association analysis using the six pedigrees
showing linkage pointed to marker D2S286/rs3220265 
(P value <0.001) in the near vicinity of D2S2216. We went
on to further characterise this ~15-cM candidate region
(D2S2110-D2S2181) by adding six SNPs covering ~670 kb
centred at D2S286/rs3220265. A haplotype pattern could

no longer be observed in this region, which was therefore
excluded from the candidate area. This also excluded the
TACR1 (tachykinin receptor 1) gene, located at marker
D2S286. The dyslexia candidate region on 2p11 is, there-
fore, now limited to the chromosomal area D2S2116-
D2S2181, which is ~12 Mbp of human sequence and is at
a distinct location from the previously reported DYX3 lo-
cus, raising the possibility of two distinct loci on chromo-
some 2p.

Introduction

Dyslexia, or specific or developmental reading disability,
is defined by an unexpected failure in learning to read,
write or spell in spite of normal senses, normal intelligence,
and adequate opportunity and motivation. Dyslexia is a
multifactorial, or complex phenotype, the genetic basis of
which has been established in a number of twin- and family-
based studies (for review, see Fisher and DeFries 2002;
Grigorenko 2001). In addition to its complex etiology, dys-
lexia displays a wide spectrum of phenotypes, which could
also reflect incomplete penetrance, and/or the effects of in-
fluencing environmental factors. To date, at least five loci
have been identified, i.e. DYX1 on 15q21 (OMIM 127700 at
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM)
with the newly identified DYX1C1 gene (Taipale et al.
2003), DYX2 on 6p21.3 (OMIM 600202), DYX3 on 2p16-
p15 (OMIM 604254), DYX5 on 3p12-q13 (OMIM 606896)
and DYX6 on 18p11.2 (OMIM 606616) (Cardon et al. 1994;
Fagerheim et al. 1999; Fisher et al. 2002; Nopola-Hemmi
et al. 2001; Petryshen et al. 2001; Schulte-Korne et al.
1998). Recently, genome-wide scans performed in English-
(Fisher et al. 2002) and Finnish-speaking (Kaminen et al.
2003) populations not only suggested two new reading
disability loci, i.e. 18p (DYX6) and 7q, but also strength-
ened the evidence for a dyslexia locus on 2p, located about
20–30 cM centromeric to DYX3 (Kaminen et al. 2003).
Here, we report the fine mapping of this locus using the
same set of Finnish families. Twenty-one microsatellite
markers spread along an approximately 40-cM interval
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(D2S391-D2S2181) and six additional SNP markers lo-
cated over ~670 kb of sequence around D2S286/rs3220265
were genotyped and the candidate region was refined to
an approximately 10.5-cM interval between D2S2116 and
D2S2181.

The TACR1 (tachykinin receptor 1) gene, encoding the
G-protein-coupled receptor for tachykinin substance P/neu-
rokinin 1 and involved in the modulation of neuronal activ-
ity, inflammation and mood (OMIM 162323, LocusID 6869
at http://www.ncbi.nlm.nih.gov/LocusLink) (De Felipe et
al. 1998; Derocq et al. 1996; Kramer et al. 1998), was tested
for mutation as it represented an excellent positional can-
didate gene (Gerard et al. 1991; Hopkins et al. 1991). This
gene was excluded as a dyslexia gene on 2p11, as no cod-
ing mutations were detected in affected individuals. This
exclusion was fully confirmed by a lack of haplotype con-
servation using six SNPs located within the gene and its
surroundings.

Materials and methods

Subjects and genomic DNA preparation

Eleven three-generation families (97 individuals), with at least two
affected individuals/family (see pedigree description in Kaminen
et al. 2003), were studied. Eighty-eight subjects were available for
genotyping: 37 affected, 38 healthy and 13 not tested for dyslexia
(phenotype unknown). Phenotypes were ascertained as described
in Nopola-Hemmi et al. (2001). One affected from each of the pedi-
grees displaying positive linkage to 2p11 (nos. 1, 4, 9, 10 and 11 in
Kaminen et al. 2003) and two affected unrelated individuals origi-
nating from Central Finland were screened for mutation in the
TACR1 gene. Two unaffected individuals from those families were
used as controls. For all individuals, genomic DNA was obtained
from blood lymphocytes using a standard non-enzymatic extrac-
tion method (Lahiri and Nurnberger 1991). The study has been ap-
proved by the local ethical committees both in Finland and in Swe-
den.

Genotyping

Microsatellite markers

Eighteen microsatellite markers were successfully used for geno-
typing as described previously (Kaminen et al. 2003). Briefly, each
marker was PCR-amplified from 10 ng of genomic DNA in 5-µl
reactions, which were thereafter pooled (9–13 markers/pool) and
electrophoresed on a MegaBACE 1000 instrument (Amersham
Biosciences). Alleles were visualised using the Genetic Profiler
v1.5 software (Amersham Biosciences).

SNPs markers

SNP markers rs1487371, rs754978, rs1477157, rs2016839 and
rs718507 were chosen from the SNP consortium (TSC) database
for having reported minor allele frequency of at least 30% in Cau-
casian populations (http://www.snp.cshl.org). SNP rs6715729 was
chosen for its location in the coding part of the first exon of the
TACR1 gene. All SNPs (http://www.ncbi.nlm.nih.gov/SNP/index.
html, http://www.snp.cshl.org) were genotyped in all 88 DNA sam-
ples using matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry (Sequenom, San Diego, Calif.)
(Jurinke et al. 2002). PCR assays and associated extension reac-
tions were designed using the SpectroDESIGNER software (Se-

quenom) and primers were obtained from Metabion (Planegg-Mar-
tinsried, Germany) (sequences available on request). All amplifi-
cation reactions were run in a total volume of 5 µl with 2.5 ng of
genomic DNA, 1 pmol of each amplification primer, 0.2 mM of
each dNTP, 2.5 mM MgCl2 and 0.2 U of HotStarTaq DNA poly-
merase (Qiagen). Reactions were heated at 95 °C for 15 min, sub-
jected to 45 cycles of amplification (20 s at 94 °C, 30 s at 60 °C, 30 s
at 72 °C) before a final extension of 10 min at 72 °C. Extension re-
actions were conducted in a total volume of 2 µl, using 5 pmol of
allele-specific extension primer and the Mass EXTEND Reagents
Kit, before being cleaned using SpectroCLEANER (Sequenom) on
a MULTIMEK 96 robot (Beckman Coulter, Fullerton, Calif.). Clean
products were loaded onto a 384-elements chip with a nanolitre
pipetting system (SpectroCHIP, SpectroJet, Sequenom), analysed
by a MassARRAY mass spectrometer (Bruker Daltonik, Bremen,
Germany) and peaks were identified using the SpectroTYPER RT
2.0 software (Sequenom).

Two researchers independently confirmed all genotypes (mi-
crosatellite and SNP markers). Data were checked for Mendelian
errors using PedCheck (O’Connell and Weeks 1998) and for Hardy-
Weinberg equilibrium to identify genotyping errors.

Nomenclature

Gene symbols used in this article follow the recommendations of
the HUGO Gene Nomenclature Committee (Povey et al. 2001).

Statistical methods

Linkage analysis

Non-parametric multipoint linkage analysis was performed with
Genehunter 2.1 software (Kruglyak et al. 1996) for the 11 pedigrees.
The significance of the NPL score was evaluated by simulation,
simulating marker genotypes according to the null hypothesis dis-
tribution, in 100 replications, and calculating NPL scores for each
of the replicates. The empirical significance of the observed NPL
score distribution is given as the proportion of simulated scores
that are higher than the observed NPL. Data for two markers
(D2S2180 and D2S2333) were excluded from the linkage analysis.
Their inclusion yielded multiple double-recombinant interpreta-
tions and inflation of the genetic map suggesting errors in allele
calling and/or marker instability.

Association analysis

Genetic associations were analysed by the haplotype pattern min-
ing (HPM) method (Toivonen et al. 2000). HPM is a data-mining-
based approach to genetic association analysis, in which frequent
haplotype patterns associated with a trait are sought. HPM analy-
ses case-control data using non-transmitted parental chromosomes
as controls (i.e., pseudo-controls). Independent family trios were
extracted and haplotyped from the pedigrees using an algorithm
which picks up all possible non-overlapping trios, even if they are
only partly haplotyped and/or genotyped. The association analysis
was thus carried out in a case-control set consisting of 43 disease-
associated chromosomes and 29 control chromosomes and repeated
in a subset of data consisting of only those trios from pedigrees
showing a positive NPL score in linkage analysis (pedigrees 1, 4, 5,
9, 10 and 11 in Kaminen et al. 2003). This data subset comprised
28 disease-associated and 20 control chromosomes. HPM was car-
ried out for the whole chromosome, first including all 45 mi-
crosatellite markers alone and then adding to these, the six SNPs
surrounding marker D2S286/rs3220265. The following parameters
were used: maximum length of the pattern, eight markers; maxi-
mum number of gaps, one; minimum χ2 for a pattern, 2. To com-
pensate for differing marker densities and marker information along
the studied chromosomal area, a total of 10,000 permutations in
the same fashion as described previously (Toivonen et al. 2000),
were run to obtain empirical P values.
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Expression analysis

Exons 1–5 of the TACR1 gene were separately PCR-amplified from
20 ng of genomic DNA from a normal individual using the follow-
ing conditions: 1.5 mM MgCl2, 1 µM of each primer (sequences
available upon request), 0.2 mM of each dNTP and 0.04 U/µl of
AmpliTaq DNA polymerase (Applied Biosystems). Reactions were
heated at 94 °C for 5 min, subjected to 35 cycles of amplification
(45 s at 94 °C, 45 s at 42–62 °C and 1 min at 72 °C) before a final
extension of 10 min at 72 °C. Each exon was then re-amplified
(same conditions as above, 25 cycles) separately in a 10-µl reac-
tion volume containing 1–2 µl of the first PCR reaction, 0.2 mM of
each dNTP (dATP, dTTP and dGTP), 1.5 mM MgCl2, 1 µM of
each primer, 0.04 U/µl of AmpliTaq DNA polymerase (Applied
Biosystems) and 50 µCi P32-dCTP. The radioactively labelled
products were then pooled, cleaned from unincorporated P32-dCTP
and used as probe on a human multiple tissues Northern blot con-
taining 2 µg of poly(A) RNA from brain, placenta, skeletal muscle,
heart, kidney, pancreas, liver, lung, spleen and thymus (cat. no.
3140-1, Ambion). Pre-hybridisation, hybridisation and washing of
the membrane were done according to the manufacturer’s recom-
mendations. Exposure to Hyperfilm MP (Amersham Biosciences)
was done for two weeks.

Mutation screening

Exons 1–5 of the human TACR1 gene were PCR-amplified (prod-
ucts ranging from 382 to 622 bp) as described above in the primary
PCR-amplification step. Products were cleaned from unincorpo-
rated primers and dNTPs using the GFX PCR DNA purification kit
(no. 27-9602-01, Amersham Biosciences) and further sequenced
using the DYEnamic ET Dye terminator kit (no. US81090, Amers-
ham Biosciences), following the manufacturer’s instructions. Se-
quencing products were injected for 40 s at 3 kW and elec-
trophoresed 100 min at 9 kW using a MegaBACE long read matrix
(no. US79676, Amersham Biosciences) on a MegaBACE 500
(Amersham Biosciences). Each exon was sequenced from both di-
rections using the same primers as in the PCR. Sequences were vi-
sualised and analysed using the Sequence Analyser v3.0 software
(Amersham Biosciences). FASTA output of each sequencing re-
sult was then compared, using Blast 2 sequences (http://www.
ncbi.nlm.nih.gov/blast/bl2seq/bl2.html), to corresponding genomic
sequences (AC_007400 and AC_007681) (http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi?db=Nucleotide). Sequences were also in-
spected visually to detect heterozygous polymorphisms.

Results

Genotyping

Eighteen microsatellite markers (Fig. 1, http://www.ncbi.
nlm.nih.gov/mapview) were successfully PCR-amplified
and informative enough to proceed with the genotyping of
88 individuals from 11 families (37 affected, 38 healthy
and 13 of unknown phenotype). The success rate for those
markers was 83.9% and the average information content
of 0.93 (range 0.91–0.97). Within the region of fine map-
ping (~40 cM), we achieved a marker density of one per
1.8 cM. Results were merged with the previous genome-
wide scan data (Kaminen et al. 2003), giving a total of 
45 informative markers (Fig. 1). The six SNP markers
were genotyped with an average success rate of 97.4%.

Confirmation of linkage to 2p11

NPL analysis was performed on the whole data set using
the above-described set of 45 markers, except D2S2180
and D2S2333. These markers were excluded because a
4.5- to 24-times inflation of expected recombination was
observed in their vicinity (data not shown), strongly sug-
gesting errors in allele calling or mutation events in the
marker sequences. A graphical representation of the NPL
scores obtained along the 250-cM long chromosome 2 is
presented on Fig. 1a. This analysis revealed the highest
NPL score (3.0; P=0.001) for marker D2S2216 with NPL
scores >2 and nominal P values <0.01 for all markers
spanning from D2S2110 (2p12) to D2S2181 (2p11.1).
This ~15-cM candidate region (D2S2110-S2181) is de-
picted in Fig. 1b. Pedigree-wise NPL scores were positive
in only six of the pedigrees (nos. 1, 4, 5, 9, 10 and 11 in
Kaminen et al. 2003) and their respective contributions to
the highest score at marker D2S2216 are: 3.0 (P=0.03),
1.4 (P=0.25), 1.12 (P=0.25), 2.1 (P=0.12), 0.65 (P=0.18)
and 2.1 (P=0.12).

Association analyses by microsatellite markers

HPM analysis was performed for the whole chromosome
using either (1) trios from the whole set of individuals 
(11 pedigrees) or (2) trios from the six pedigrees which
had shown a positive NPL score in some part of chromo-
some (see linkage analysis results). At the first stage of
analysis, only the microsatellite markers (45 markers) were
used. Selecting independent trios from the whole data 
(43 affected and 29 control chromosomes) gave only mod-
est scores, with non-significant empirical P values. How-
ever, the associations were much stronger in the six fami-
lies showing linkage (28 affected and 20 control chromo-
somes). Significant scores with empirical P values ≤0.01
were obtained for three neighbouring markers: D2S2110,
D2S286 and D2S2116. The highest score was for marker
D2S286/rs3220265 (P value <0.001), for which allele 3
(93 bp) (Fig. 1b, 2) was part of a pattern common to ten
affected and one control chromosomes.

Refined candidate region

In order to verify the positive association obtained for
marker D2S286/rs3220265, we added two, respectively
four, SNPs covering 226.4 kb and 441.3 kb from D2S286/
rs3220265, in the directions of neighbouring markers
D2S2110 and D2S2116 (Fig. 2). HPM analysis was re-run
with the integrated map of 45 microsatellite markers and
the new six SNPs on the two data sets described above (all
families and linked-only families). Only modest scores with
non-significant empirical P values were obtained in both
analyses that did not confirm the association from fine
mapping using microsatellite markers only. All 11 chro-
mosomes that first displayed the associated pattern contain-
ing allele 3 of D2S286/rs3220265, are depicted in Fig. 2
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Fig. 1a, b Multipoint non-parametric linkage (NPL) analysis on
chromosome 2 in eleven dyslexic Finnish pedigrees. a NPL results
with 45 informative markers. The NPL curve was obtained by
Genehunter 2.1 software (Kruglyak et al. 1996) using 45 microsatel-
lite markers. Chromosome 2 centromere is indicated by Cen and a
black filled circle, while 2pter and 2qter denote the telomeres.
Markers are depicted on the x-axis according to the DeCode ge-
netic map (Kong et al. 2002) and http://www.ncbi.nlm.nih.gov/
mapview. A thickened portion of the x-axis denotes the ~40-cM
region of the chromosome subjected to fine mapping by adding 18
new microsatellite markers (bold characters). Vertical dotted lines
highlight the emplacement of the peak observed for marker
D2S2352 (NPL=0.9, P=0.1) and the highest peak at marker
D2S2216 (NPL=3.0, P<0.002), as well as the telomeric border of
our candidate region at marker D2S2110 (NPL=2.1, P<0.02). An
arrow points to marker D2S286/rs3220265, which showed the
highest HPM score when the six pedigrees with positive linkage re-
sults were chosen for association analysis using HPM. b Enlarged

~40-cM interval between D2S391 (2p21) and D2S2181 (2p11.1).
DYX3 denotes the dyslexia susceptibility locus on 2p16-p15
(OMIM 604254) summarizing the candidate regions (white rectan-
gles) described in two independent linkage studies (Fagerheim et
al. 1999; Petryshen et al. 2002). OTX1, SEMA4F and TACR1
(black vertical boxes) are the three genes from the 2q dyslexia can-
didate region which, to date have been tested for mutation analysis
(Francks et al. 2002 and present study). Three small black squares
denote some of the 2p markers which displayed significant results
in quantitative-trait loci (QTL)-based genome-wide scans in US
and UK English-speaking dyslexic individuals (Fisher et al. 2002).
Markers in italics have not been used in our study but in previ-
ously published linkage studies. A two-gray-toned rectangle de-
notes the dyslexia candidate region described in this study. In light
gray is the ~2.7-Mbp chromosomal area which could be excluded
using six additional SNP markers, finally narrowing the candidate
region to the D2S2116-D2S2181 interval (dark gray)



with their nine markers haplotype (six SNPs and three mi-
crosatellites). Three haplotype combinations (1-3-2, 1-3-1
and 2-3-1) could be observed with D2S286/rs3220265 and
its two immediate SNP markers (rs754978 and rs6715729)
located only 70–85 kb from D2S286. A total of five hap-
lotypes could be detected when one more SNP was added
on each side (five markers haplotype). As no single con-
served haplotype could be observed even at small distance
from D2S286/rs3220265, it is therefore unlikely that the
sequence surrounding this marker represents the exact lo-
cation of a dyslexia gene on chromosome 2p11. Thus, the
dyslexia candidate region on 2p11 could be narrowed to
the chromosomal area D2S2116-D2S2181 or ~12 Mbp on
the human sequence map (~10.5 cM on the DeCode genetic
map).

Expression and mutation analyses 
of the human TACR1 gene

Linkage and association results from our fine mapping
pointed to a candidate region in which marker D2S286/
rs3220265 was our primary “hot-spot” for the location of
a dyslexia gene on 2p11. The TACR1 gene encompasses
marker D2S286 and from previous studies is known to
have a role in the CNS. We first studied its pattern of ex-
pression on Northern blot in a panel of human tissues and
could confirm its expression in human brain. Two main
transcripts, one ~2.1–2.2 kb and the other nearly 6 kb, could
be detected in all ten tissues, but at variable levels of ex-
pression (Fig. 3). The smallest transcript is 2 kb in liver
and ~1.8 kb in pancreas, while in placenta both a 1.8-kb
and 2.1- to 2.2-kb mRNA can be found. Two tissues show
high levels of expression of both small and large tran-
scripts, i.e. brain and thymus. The size of the smallest
transcript is in accordance with the 2.05-kb previously
cloned cDNA and with gene prediction based on the hu-
man genome sequence (Gerard et al. 1991; Hopkins et al.
1991, contig NT_022184, GenBank build 33 at http://www.
ncbi.nlm.nih.gov/mapview). However, the nearly 6-kb long
messenger seen in all ten tissues tested has, to our knowl-
edge, not been reported and probably represents a new
splice variant containing at least one of the five exons we
used to detect the TACR1 gene expression pattern. In con-
clusion, the human TACR1 gene is ubiquitously expressed
and two transcripts of high levels of expression can be de-
tected in total brain.
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Fig. 2 Nine-marker haplotypes of the eleven chromosomes display-
ing the associated pattern containing allele 3 of D2S286/rs3220265.
All chromosomes containing the associated pattern with allele 3
(93 bp) for marker D2S286/rs3220265 (arrow) are horizontally de-
picted by their nine-marker haplotypes spanning the interval
D2S2110-D2S2116. One affected chromosome from a pedigree that
did not show positive linkage to our candidate region (pedigree 6
in Kaminen et al. 2003) also contained this common pattern and is
included. All haplotypes except the last one are from affected indi-
viduals. First and last haplotypes were found twice but are only
represented once here. Markers D2S2110 and D2S21116 are lo-
cated ~2.6–2.7 cM apart from D2S286/rs3220265 (DeCode genetic
map) and their relative physical distances (denoted by horizontal
bars) are according to their positions in the dbSNP (build116)
(http://www.ncbi.nlm.nih.gov/SNP/index.html). All SNP markers
are located on the same sequence contig, NT_022184 (http://www.
ncbi.nlm.nih.gov/mapview, build 33) and the physical distance (in
kb) from each marker to its adjacent markers is indicated by small
horizontal bars. In italics are two genotypes which could not be
obtained but were inferred from parental chromosomes

Fig. 3 Northern blot pattern of expression of the human TACR1
gene. Each lane contains 2 µg of poly(A+) RNA from ten normal
human tissues (Ambion). Sk. Muscle skeletal muscle. Size (in kb)
markers are indicated by black dots on the right side. Horizontal
lanes point to the three main transcripts detected. The smallest one
(~1.8 kb) is mostly seen in pancreas and placenta, the second one
(~2.1–2.2 kb) is in all tissues except liver, while the third one (~6 kb)
is detected ubiquitously. An asterisk denotes an intermediate size
transcript only seen in liver (~2 kb)



In order to test the TACR1 gene as a candidate gene in
our dyslexic subjects, we first used direct sequencing and
screened for mutations all five exons containing the entire
coding region of the gene, and their respective exon-in-
tron junctions. Five of the six Finnish families positive for
linkage to 2p11, i.e. pedigrees 1, 4, 9, 10 and 11 (Kaminen
et al. 2003), as well as two unrelated sporadic dyslexic in-
dividuals, were tested. For exons 2–4, 40–50 bp of intronic
sequences were screened on each side of the exons as well
as on the 5′ border of exon 1 and the 3′ border of exon 5.
Exon 1 contains the 5′UTR of the gene and there we
screened 103 bp upstream of the start codon. Exon 5 con-
tains the 3′UTR of the ~2.1- to 2.2-kb variant and 154 bp
downstream of the stop codon were screened. Two al-
ready known SNPs could be detected in our set of indi-
viduals, both seen in dyslexic and non-dyslexic individu-
als: rs6715729, a silent polymorphism affecting the third
base of Phe codon 111 in exon 1 and rs2024512, located 
in intron 1 (http://www.ncbi.nlm.nih.gov/SNP/index.html).
We further genotyped the entire set of families for those
SNPs, but no association could be found between any of
them and the dyslexia phenotype (data not shown).

Discussion

Our previous genome-wide scan had shown linkage be-
tween dyslexia and chromosome 2p11, with the highest
NPL score for marker D2S2216 (2.55, P=0.004). More-
over, a two-point parametric test (autosomal dominant
model) had also revealed a lod score of 3.01 for marker
D2S286 (Kaminen et al. 2003). By increasing marker
density to one per 1.8 cM over ~40 cM within the linked
region, we could confirm the linkage peak at marker
D2S2216 (NPL score of 3.0, P=0.001) and detect a com-
mon allelic pattern for neighbouring markers D2S2110,
D2S286 and D2S2116. This enabled us to decrease the
size of the candidate region to ~15 cM, i.e. the interval
D2S2110-D2S2181.

The region chosen for our fine mapping also covered the
previously reported DYX3 candidate locus (OMIM 604254)
on 2p16-p15 (Fagerheim et al. 1999; Petryshen et al. 2002).
In our data set, we could observe a modest NPL score of
0.91 (P=0.1) for marker D2S2352 located in the DYX3 re-
gion suggesting the possibility of two dyslexia loci on
chromosome 2p.

We have investigated this chromosomal area spanning
about 15 cM using a candidate gene approach in combina-
tion with reconstruction of haplotypes using additional SNP
markers. The initially detected association with the high-
est score for marker D2S286/rs3220265, made us focus
on an approximately 670-kb area surrounding this marker.
We first screened for mutations in an obvious candidate
gene, TACR1, which contains marker D2S286 and that
had been described to be of importance in functions of the
CNS, such as modulation of neuronal activity, inflamma-
tion and mood. No mutations could be detected in dyslexic
subjects. However, two common polymorphisms (SNPs
rs6715729 and rs2024512) were detected, but no associa-

tion to dyslexia could be seen with either of them sepa-
rately or with their haplotypes. As a second step in char-
acterising the surroundings of marker D2S286, we geno-
typed rs6715729 and five additional SNPs in all our fam-
ily members, but could not confirm the strong association
we had previously observed. This supports that the asso-
ciation to D2S286, and thereby TACR1, was unlikely to
carry a founder mutation as all chromosomes that had shown
to contain the associated pattern were reconstructed and no
longer shared a common haplotype pattern. Since the as-
sociated pattern initially detected using HPM could not be
confirmed, it probably did not represent a true identical-
by-descent/founder haplotype associated with dyslexia.
However, our results allowed us to exclude the approxi-
mately 2.7-Mbp chromosomal area from D2S2110 to
rs718507, narrowing our fine mapping candidate region to
D2S2116-D2S2181, i.e. ~12 Mbp on the human sequence
map or ~10.5 cM on the DeCode genetic map.

With the exception of two original reports of the cloning
of the human TACR1 cDNA (Gerard et al. 1991; Hopkins
et al. 1991), no expression study of the gene in human tis-
sues has been reported. Here, we present the relative ex-
pression levels and transcript sizes of the human TACR1
gene in a panel of ten normal tissues. Its ubiquitous ex-
pression suggests a role as a housekeeping gene and its
high expression level in brain, compared with most other
tissues tested, underlines its role in the CNS function.
However, TACR1 is not implicated in dyslexia develop-
ment.
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