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Fig. 3 Fine mapping results showing location and predicted susceptibility gene location on chromosome 18. The predicted exons are shown.
Markers with significant P values are located within the introns of the predicted genes

tion of genetic factors to disease manifestations. In the
present study, we have chosen to use positive response to
questions on doctor-diagnosed asthma or ever been treated
for asthma/bronchial asthma as the definition of asthma in
this study. Since there is no universally accepted ‘gold stan-
dard’ definition of ‘asthma’, misclassification of case status
is possible in our study. However, this would remain a limi-
tation even if other operant definitions of asthma, such as
current wheeze plus hyperresponsiveness or current use of
asthma medications (Peat et al. 1992), are used. Potential
misclassifications will be non-differential and therefore
favour the null hypothesis. The associations that we have
identified using this conservative approach will therefore
remain valid. Other operant definitions of asthma (such as
current wheeze plus airway hyperresponsiveness, current
use of asthma medications) may alter the prevalence of
asthma but will suffer from the same degree of misclassifi-
cation as using doctor-diagnosed asthma.

Linkage to a non-specific IgE locus was previously
reported on chromosome 18 near D185844 (Mathias et al.
2001). D18S844 is within 1 cM of nuclear factor of acti-
vated T cells 1 (NFATC1) and approximately 900 kb from
1805A09 (D18S0325i). Suppression of NFATC1 was asso-
ciated with highly increased serum IgE levels in patients
with severe atopic dermatitis (Wierenga et al. 1999). These
results suggest that a gene in this region of chromosome 18

could control IgE levels which may play a role in the patho-
genesis of asthma. Further studies are required to determine
the expression pattern of the two novel genes within chro-
mosome 18 identified in this GWA study.

The prevalence of asthma has increased over the past 30
years, and its social and economic costs are a major prob-
lem in many developed countries (Rachelefsky 2007).

The human genome is now charted by approximately
30,000 highly polymorphic microsatellites (Kawashima
et al. 2006; Tamiya et al. 2005). In this study, we have per-
formed a high-density GWA study using microsatellite
markers instead of SNPs for several reasons. Firstly, the
average length of linkage disequilibrium for 30,000 micro-
satellites is approximately 100 kb (Tamiya et al. 2005),
which is considerably higher than that of SNPs and there-
fore allows the capture of a larger region of linkage disequi-
librium per marker when compared to SNP. Polymorphic
microsatellite markers also provide a higher information
content when compared with biallelic SNPs. Furthermore,
interpolation variability is known to be smaller for micro-
satellite markers (Jorde et al. 2000; Sawyer et al. 2005). In
addition, SNP haplotypes are virtual products, based on sta-
tistical hypothesis that depend on other conditions (for
example, 7> 0.8, minor allele frequency > 0.1). Often,
recombination events cannot be included in the deduced
haplotypes due to the lack of a heterozygous SNP at the
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relevant position. This can result in the generation of incor-
rect haplotype blocks which can, in turn, lead to false nega-
tive in GWA studies based on SNPs only. Microsatellites,
on the other hand, do not generally suffer from these prob-
lems and can therefore be used as a stand-alone source of
markers in GWA studies (Bahram and Inoko 2007).
Microsatellites may also have important intrinsic functional
relevance (Kashi and King 2006). Allelic differences in
microsatellite markers are known to cause a wide range of
hereditary disorder including Fragile X (Tassone et al.
2007), Huntington’s disease (Vassos et al. 2007), spinocere-
bellar ataxia (Stevanin and Brice 2007) and cleidocranial
dysplasia (Vaughan et al. 2002).

In this study, three separate pooled DNA screenings
yielded 18 markers with significantly different estimated
frequencies in the three separate “case and control” pools:
each pool consisting of 120 individuals. In a study with 100
controls at an association strength of 0.1 with a = 5%, the
maximum power is 0.81 when frequency of control is 0.1,
and the minimum power is 0.52 when the frequency of con-
trol is 0.5 (Barcellos et al. 1997).

In this study, in the confirmation stage, 360 cases and
360 controls were individually typed. The maximum power
when number of controls is 300 at an association strength
of 0.1 with o = 5% is 1 when frequency of control is 0.1 and
power =0.94 when the control frequency is 0.5. With a
three-stage screenings and a final confirmation using a total
of 720 individuals (360 controls and 360 cases), we there-
fore have enough power to detect association even when
the control frequency is 0.5.

In a multi-stage GWA study, it is important to ensure
that sufficiently large proportion of markers with effect are
selected for the subsequent stage. False discoveries can
always be eliminated in future stages but markers with
effects that have been eliminated cannot be recovered (van
den Oord et al. 2007).

Asthma, as it is defined clinically and epidemiologically,
is based on symptoms which may result from a number of
patho-physiological mechanisms related to airway inflam-
mation and remodelling. Airway pathology may also be
present in the absence of symptoms. Therefore, asthma
remains phenotypically heterogeneous. This may partly
explain why no consistent positive associations for asthma
have been identified to date (Bosse and Hudson 2007).
Conflicting findings may also be due to genetic heterogene-
ity and poor study design. Result from a recent GWA study
of childhood onset asthma identified markers on chromo-
some 17921 to be associated with childhood onset asthma
(Moffatt etal. 2007). Further analyses concluded that
genetic variants regulating ORMDL3 expression are
responsible for childhood onset asthma. We did not detect
any consistent significant differences in our adult asthma
cases and controls on chromosome 17. One explanation is
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that no stratification was performed in relation to the age of
onset of asthma in the current study. Genetic susceptibility
for early onset asthma may also represent a different type of
disease. Further analyses of additional phenotypes with
consideration of interaction effects as well as characterisa-
tion of the two predicted proteins are underway.

In conclusion, this is the first asthma GWA study using
in excess of 23,000 microsatellite markers, evenly spaced
within the genome to identify asthma susceptibility gene in
an unbiased fashion. Our results suggest that chromosome
18 harbours at least two novel asthma susceptibility loci
which warrant further investigation. We also demonstrated
the feasibility of utilising pooled DNA genome-wide
microsatellite approach for identifying possible candidate
genes in other diseases and as an efficient and economical
alternative approach to the individual level genome-wide
chip-based genotyping technique.
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Abstract

Background: The mouse has more than 30 Major histocompatibility complex (Mhc) class Ib genes,
most of which exist in the H2 region of chromosome 17 in distinct gene clusters. Although recent
progress in Mhc research has revealed the unique roles of several Mhc class Ib genes in the immune
and non-immune systems, the functions of many class Ib genes have still to be elucidated. To better
understand the roles of class Ib molecules, we have characterized their gene duplication,
organization and expression patterns within the H2 region of the mouse strain C57BL/6.

Results: The genomic organization of the H2-Q, -T and -M regions was analyzed and 21 transcribed
Mhc class Ib genes were identified within these regions. Dot-plot and phylogenetic analyses implied
that the genes were generated by monogenic and/or multigenic duplicated events. To investigate
the adult tissue, embryonic and placental expressions of these genes, we performed RT-PCR gene
expression profiling using gene-specific primers. Both tissue-wide and tissue-specific gene
expression patterns were obtained that suggest that the variations in the gene expression may
depend on the genomic location of the duplicated genes as well as locus specific mechanisms. The
genes located in the H2-T region at the centromeric end of the cluster were expressed more widely
than those at the telomeric end, which showed tissue-restricted expression in spite of nucleotide
sequence similarities among gene paralogs.

Conclusion: Duplicated Mhc class Ib genes located in the H2-Q, -T and -M regions are differentially
expressed in a variety of developing and adult tissues. Our findings form the basis for further
functional validation studies of the Mhc class Ib gene expression profiles in specific tissues, such as
the brain. The duplicated gene expression results in combination with the genome analysis suggest
the possibility of long-range regulation of H2-T gene expression and/or important, but as yet
unidentified nucleotide changes in the promoter or enhancer regions of the genes. Since the Mhc
genomic region has diversified among mouse strains, it should be a useful model region for
comparative analyses of the relationships between duplicated gene organization, evolution and the
regulation of expression patterns.
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Background

The Major Histocompatibility Complex (MHC) genomic
region harbors duplicated genes that express protein mol-
ecules responsible for the rejection of transplanted tissue,
restricted antigen presentation and the recognition of self
and non-self [1,2]. The Mhc genomic region in the mouse,
located on chromosome 17, is named H2 and the genes
within this region are usually classified into three distinct
classes (I to III) based on their structure and function [3].
The class I molecules generally elicit immune responses
by presenting peptide antigens derived from intracellular
proteins to T lymphocytes and their genes can be classified
into two groups, the classical Mhc class I (class Ia) genes
and the non-classical Mhc class I (class Ib) genes. The clas-
sical Mhc class Ia genes, such as H2-K and -D in the mouse,
are highly polymorphic, expressed widely and present
antigens to CD8+ cytotoxic T cells. To date, most studies
of the MHC class I genomic region have been focused on
the immunological function of class Ia molecules [4-6].

The non-classical class Ib molecules are structurally simi-
lar to the classical class Ia proteins, but in contrast to the
classical class Ia proteins, they have limited or no poly-
morphisms. They are more restricted in their tissue expres-
sion and some have functions other than antigen
presentation to CD8+ T cells. The non-classical class Ib
proteins have shorter cytoplasmic tails and some of them
lack consensus residues associated with peptide binding
[7]. The mouse is considered to have more than 30 Mhc
class Ib genes in the genome [3]. Most Mhc class Ib genes
are located at the telometric end of the 2 Mb-H2 region
within the H2-Q, -T and -M sub-regions, which were orig-
inally mapped and defined by recombination analysis.
Although the non-classical class Ib genes are involved in
immunological functions like the classical class Ia genes,
they generally serve a more specialized role in the
immune responses. The expression and function of some
non-classical class Ib genes, including H2-T23 (Qa-1), -
M3 and -T3 (TL antigen), have been analyzed in detail. For
example, Qa-1 is involved in the suppression of CD4+ T
cell responses via CD94/NKG2A or CD94/NKG2C recep-
tors [8,9]. The peptide presentation by the Qa-1 molecule
may also have a role in CD8+ regulatory T cell activity
[10]. H2-M3 molecules prime the rapid response of CD8+
T cells by presenting N-formylated bacterial peptides [11].
The TL antigen is involved in the formation of memory
CD8+ T cells [12] and in the regulation of ilEL responses
in the intestine by interaction with homodimeric CD8
alpha receptors [13].

The class Ib molecules are also involved in non-immune
functions. For example, the H2-M1 and -M10 families of
the class Ib genes specifically interact with the V2R class of
pheromone receptors presented on the cell surfaces of the
vomeronasal organ [14,15]. The Qa-2 proteins encoded

http://www.biomedcentral.com/1471-2164/9/178

by H2-Q7 and -Q9 class Ib genes influence the rate of pre-
implantation embryonic development and subsequent
embryonic survival [16]. In addition, the class I molecules
have recently been shown to contribute to the develop-

. ment and plasticity of the brain [17,18]. So far, there is lit-

tle information about which of the non-classical class Ib
genes are involved in this function.

The molecular functions of many of the other class Ib
molecules are still far from being understood and even the
expression patterns for many of the Mhc class Ib genes
remain to be elucidated. The Mhc class Ib genes are mem-
bers of gene clusters that have been generated by different
rounds of duplication and deletion [19]. In the mouse,
the telomeric 1 Mb of the Mhc including the H2-M region
was well characterized using the 129/Sv inbred strain [20].
The possible evolutionary fates of duplicated genes are
nonfunctionalization, neofunctionalization or subfunc-
tionalization [21]. Genes recently duplicated may even
have the same functions by having and using identical or
similar expression domain sequences. In order to better
understand the role of class Ib molecules expressed by
duplicated genes in different tissues, we have undertaken
to examine, identify and characterize the Mhc class Ib gene
duplication, organization and expression patterns within
the H2 region of the mouse strain C57BL/6.

The whole genome of the laboratory mouse strain C57BL/
6] has been almost fully sequenced [22]. However, the
genomic organization of the Mhc class I region of mice
varies markedly between different haplotypes and inbred
strains [20]. In the present study, we selected Mhc class Ib
DNA sequences from the mouse genome database (NCBI
Entrez Genome Project ID 9559), and characterized the
organization of the Mhc class Ib genomic region for the
mouse C57BL/6 strain (haplotype b). Expression patterns
of each of the Mhc dlass Ib genes were examined by RT-
PCR using gene-specific primer sets, and we identified
Mhc class Ib genes with either tissue-restricted expression
or tissue-wide expression. We also identified monogenic
and multigenic duplicated regions within the H2-T region
of the mouse inbred-strain, C57BL/6. Based on the results
of our comprehensive analysis of the Mhc class Ib gene
duplication, organization and expression patterns, we dis-
cuss the possible relationships and regulatory outcomes
between the genomic location and expression patterns of
the mouse Mhc class Ib duplicated genes.

Results and Discussion

Identification and genomic organization of transcribed
Mhc class Ib genes

As the aim of this study was to determine the tissue expres-
sion patterns for each of the duplicated Mhc class Ib genes,
we first needed to identify the location and the number of
transcribing Mhc class Ib genes in the mouse genomic
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sequence [22]. Although a nearly complete mouse
genomic sequence of this region was available in the pub-
lic database, there were many large sequence gaps and
incomplete annotations for the sequence when we started
this study. Therefore, we predicted the putative Mhc class
Ib genes from the genomic contig NT_039650.2 by using
the GENSCAN program. This analysis identified 19 Mhc
class Ib-like sequences with coding potential (data not
shown). Based on these sequences and the information
obtained from the public databases, we designed gene-
specific primer sets (Table 1) and confirmed the expres-
sion of the predicted genes by RT-PCR against a panel of
cDNA tissues as described below. The nucleotide
sequences, determined by direct-sequencing of the RT-
PCR-amplified fragments, were registered with the Gen-
Bank/DDB]J sequence database and given the accession
numbers, [|GenBank:AB266872, AB266873,
AB267092-AB267096]. As aresult, a total of 15 expressed
genes were identified and mapped onto the current
genomic sequence ("GS" number in Figure 1). Although
there may be a possibility of misassemblies or misse-
quencing of genomic sequence, most of the assembled
sequence, especially the order of genes, is thought to be
correct considering the fact that the distributions of
restriction sites (such as EcoRI, BamHI and Kpnl) are con-
sistent with previous reports (data not shown) [23,24],
and that the cDNA sequences we examined were perfectly
matched with genomic sequence. However, there was no
genomic sequence corresponding to the H2-Q8 and -Q9
genes that are believed to be present in C57BL/10 (haplo-
type b). At present, we do not know with certainty
whether the assembly of the genome is completely correct
in this region. Although the H2-Q5 locus was annotated
as H2-Q8 in the genome database, we designated this
locus as H2-Q5 for the following reasons. 1) This locus
was consistent with the physical map position of H2-Q5
in the previous report [23], and 2) the DNA sequence of
this locus is different from the H2-Q8 gene of C57BL/10
(U57392). This analysis in combination with a previous
report [25] revealed that a total of at least 21 Mhc class Ib
genes, 7 in the H2-Q region, 11 in the H2-T region and 3
in the H2-M region are definitely transcribed in the
C57BL/6 mouse. However, in the present study, we did
not consider the H2-M1, -10 family of Mhc class Ib genes
that are located outside the H2-Q and -T genomic regions.

Table 2 presents the H2 gene numbering system for
C57BL/6 mice (haplotype b) that we have used in this
paper. We designated each H2 gene with reference to the
genomic locations and designations used by others
[23,24,26]. The nucleotide sequences were determined for
the full-length cDNAs expressed by the genes H2-T23, -
T22, -T15, -T5 and -M5 and submitted to the GenBank
database [GenBank:AB359227-AB359231]. All genes
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exhibited a standard class I structure with an alpha 1,
alpha 2, alpha 3 and transmembrane (TM) domain.

Monogenic and multigenic duplications

Mhc dlass I genes tend to diversify between species or
strains as a result of local duplications and deletions [27].
As local duplication often generates similar genes with
similar expression pattern and functional redundancy, it
is important to understand the genomic organization and
evolution of the Mhc class Ib regions. Hence, dot-plot
analysis was conducted by comparing the sequences of
the H2-Q and -T regions to themselves (Figure 1B;
240,000 bp for H2-Q cluster, 250,000 bp for H2-T clus-
ter). In addition to the short diagonal lines seen in the
dot-plots due to the similarity of each Mhc class I gene,
long diagonal lines that indicate evidence of local dupli-
cations are seen in both the H2-Q and -T regions. Regard-
ing the H2-Q region, duplication is evident in
approximately a 52-kb region from H2-Q4 to -Q10 (Fig-
ure 1B left). A long diagonal line is also seen in the H2-T
region (Figure 1B right) indicating a multigenic duplica-
tion event within the H2-T region from H2-T23 to -T5
(Figure 2). The phylogenetic tree of H2-T genes (Figure
1C) supports the occurrence of a multigenic duplication
event that produced some gene sets with a high sequence
similarity (> 85% in coding region, e.g. H2-T11 and -T23,
H2-T9 and -T15, H2-T10 and -T22, and H2-T5, -T7 and -
T13). Similarities between these genes are seen not only in
the coding region, but also in the untranslated region,
introns and intergenic regions (Figures 1B and 3), indicat-
ing the possibility that these genes have a redundant func-
tion and/or expression pattern.

Figure 2 shows a schematic representation of a single mul-
tigenic tandem duplication of four ancestral genes that
generated eight genes within the genomic D1 and D2
duplication products. The model also shows that before
the occurrence of the multigenic duplication event a sin-
gle monogenic tandem duplication had probably gener-
ated a copy of the H2-T5 gene. This parsimonious model
helps to explain the gene organization (Figure 1B), phylo-
genetic topologies of the gene sequences (Figure 1C) and
the sequence similarities (Figure 3) between H2-T23 and -
T11, H2-T22 and -T10, H2-T15 and -T9, and H2-T13 and
-T7. However, the multigenic duplication model pre-
sented here for the mouse H2-T region has not taken into
account the presence of pseudogenes T1 and T2 and other
evolutionary mechanisms that may have contributed to
diversity within this region, such as gene conversions and
unequal cross-overs with other haplotypes. Nevertheless,
the multigenic duplication model for the mouse H2-T
region is similar to the multigenic tandem duplication
models previously proposed for the Mhc class I region of
human and non-human primates [28,29].
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Genomic organization of the H2-Q, -T and -M region. (A) Gene content of the H2-Q, -T and -M regions on chromosome 17 of mouse C57BL/6
strain. The Mhc class Ib genes with coding potential are represented by yellow boxes. The genes determined by our initial analysis using GENSCAN pro-
gram are indicated with a GS number. Gene contents regarding H2-M! and -M/0 families were omitted in this figure. The regions indicated by the squig-
gles are the regions where the non-Mhc genes are interspersed. The scale bar indicating 20 kb applies to the H2-Q and -T regions. (B) Dot-plot
comparisons of the mouse H2-Q (left) and -T (right) regions. Comparison of the sequence to itself reveals the duplicated regions. (C) Phylogenetic tree
analysis of H2-Q (left) and -T (right) genes based on nucleotide sequences of the entire coding region. Gene pairs showing highly similar sequences (>85%)
in H2-T region are represented by red circles. Bootstrap values (1000 replicates) are indicated. A scale bar of "0.1" represents a branch-length of 0.1 nucle-
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Table I: List of gene specific primer sets used for expression pattern analysis

Gene Primer set Size (bp)
Forward Reverse
H2-KI GGGAGCCCCGGTACATGGAA GGTGACTTTATCTTCAGGTCTGCT 548
H2-DI TCGGCTATGTGGACAACAAGG GGCCATAGCTCCAAGGACAC 8i8
H2-QI CTGCGGTATTTCGAGACCTCG GGTATCTGTGGAGCCACATCAG 502/686
H2-Q2 ACACACAGGTCTCCAAGGAA TGGATCTTGAGCGTAGTCTCTTA 785
H2-Q4 CTTGCTGAGTTATTTCTACACCT ACCGTCAGATCTGTGGTGACAT 583
H2-Q5 GGGAGCCCCGGTTCATCATC CAGGGTGACAGCATCATAAGATA 539
H2-Qé GTATTTCCACACTGCTGTGTCCT AAGGACAACCAGAATAGCTACGT 871
H2-Q7 CGGGCCAACACTCGCTGCAA GTATCTGCGGAGCGACTGCAT 515
H2-QI0 CACACTCCATGAGGTATTTCGAA CAGATCAGCAATGTGTGACATGATA 590/866
H2-T24 ATGCACAGTACTTCACTCATG CCCCTAGCATATACTCCTGTCG 736/839
H2-T23 AGTATTGGGAGCGGGAGACTT AGCACCTCAGGGTGACTTCAT 438
H2-T22 CTGGAGCAGGAGGAAGCAGATA CAAATGATGAACAAAATGAAAACCA 698
H2-TIS ACCGCCCTGGCCCCGACCCAA CATCCGTGCATATCCTGGATT 332
H2-TI13 GCCCTGACTATGATCGAGACT CACCTCAGGGTGACATCACCTG 635
H2-TI1 CGGTATTTCCACACCGTCGTA TAGAGATATGCGAGGCTAAGTTG 415/628
H2-Ti0 CCCTTTGGGTTCACACTCGCTT CCTGGTCTCCACAAACTCCACTTCT 661
H2-T9 ACCGCCCTGGCCCCGACCCGA CATCCGTGCATATCCTGGATA 332
H2-T7 CTTCACACGTTCCAGCTGTTGTT AGGCCTGGTCTCCACAAGCTCT 432
H2-T5 GGTGGTGTTGCAGAGACGCT CTGCTCTTCAACACAAAAGG 482
H2-T3 TTCAACAGCTCAGGGGAGACTG AAGCTCCGTGTCCTGAATCAAT 585
H2-M3 CAGCGCTGTGATAGCATTGA ACAACAATAGTGATCACACCT 806
H2-M2 GAGGAGACCCACTACATGACTGTT GAAAATGAAAGACTGAGGAGGTCTAC 798
b2m* ATGGCTCGCTCGGTGACCCTG ATTGCTCAGCTATCTAGGATA 546
GAPDH* TGAAGGTCGGTGTGAACGGATTTG GGCCTTCTCCATGGTGGTGAAGAC 314

*Sequences of these primers were obtained from a previous report [25].

Regarding the H2-Q region, the genes H2-Q5, -Q6 and -
Q7, which form a tandem array in the H2-Q region (Fig-
ure 1B), also grouped relatively closely together in the
phylogenetic tree analysis (Figure 1C). Assuming the cur-
rent genome assembly is correct, then these three genes
were probably generated by two separate monogenic tan-
dem duplications much more recently than the duplica-
tions previously involved with the generation of the H2-
Q1, -Q2, -Q4 and -Q10 genes, which are more distantly
related in sequence in the phylogenetic analysis. However,
the duplication structure of the H2-Q region in C57BL/6
(Figure 1B left) appears to be different to the mouse strain
129/Sv] [30).

Expression of Mhc class Ib genes in adult tissues

To darify the tissue expression patterns for each of the
Mhc class Ib genes, we conducted RT-PCR analysis of the
cDNAs isolated from various tissues of the adult mouse.
Although it is difficult to analyze Mhc class I expression
due to the sequence similarity of the Mhc genes (showing
60 - 95% identities in coding region; data not shown), we
circumvented this disadvantage by designing the gene-
specific primer sets that are listed in Table 1. Transcription
of each Mhc class I gene was detected as shown in Figure
4. The gene identities of the amplified cDNAs were con-
firmed by direct sequencing of the RT-PCR-amplified frag-

ments (indicated by yellow asterisks in Figure 4). Using
the specific primer sets, we successfully amplify most of
the identified Mhc class Ib genes, except for H2-M5, which
may be expressed at very low levels and below the limit of
detection of our RT-PCR assays. We obtained amplified
fragments of the H2-M5 gene from the brain and thymus,
but we were unable to detect amplified products in the
other tissues (data not shown).

The gene expression patterns were classified into two
types: tissue-wide or tissue-specific expression. H2-Q4, -
Q7, -T24, -T23, -T22 and -M3 as well as the class Ia genes
(H2-K1 and -D1) exhibited tissue-wide expression. In con-
trast, H2-Ql, -Q2, -Q5, -QG6, -Q10, -T15, -T13, -T11, -T10,
-T9, -T7, -T5, -T3 and -M2 genes were expressed in a tissue-
specific manner. Regardless of the tissue-wide or tissue-
specific expression patterns, most of the class I genes were
expressed in the thymus and intestine, both of which are
critical organs for immune defense.

The tissue expression patterns of the genes H2-T11 and -
T10 located within the duplicated D2 region (Figure 2) are
more tissue-restricted than those of the respective paralo-
gous genes H2-T23 and -T22 (Figures 4 and 5) that are
located within the duplicated D1 region (Figure 2), con-
firming that major changes do occur in the expression
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Table 2: List of mouse MHC class Ib genes analysed in this study
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Gene name mRNA sequences referred
Used in this study Others NCBI accession Ensembl transcript ID NCBI accessions determined in this study
Ql (GS7) U96752 ENSMUST00000073208 -
Q2 (GS8) AY989880 ENSMUST00000074806 AB266872
Q4 (GS9,10) Qb-I XR_034205 ENSMUSTO000001 13887 AB267092, AB266873
Q5 - ENSMUST00000040240 -
Q6 NM_207648 ENSMUST0000009161 | -
Q7 Qa-2, Ped NM_010394 ENSMUSTO00000071951 -
Qlo AK131620 ENSMUST0000006829 | -
T24 (GS31) NM_008207 ENSMUST00000066488 -

T23 (GS32) Qa-l ENSMUST00000102678 AB359230
T22 (GS33) AK 133985 ENSMUST00000058801 AB359229
TI15 (GS14-2) - ENSMUST000001 13742 AB359227
TI3 Bl, blastocyst MHC, T25 AY989821 ENSMUST00000025333 -

TI(GS12) XM_975970 ENSMUST00000079918 -

TI0 (GS13) NM_010395 ENSMUST00000074201 -

T9 (GS14-1) - - AB267093

T7 (GSl6) NM_001025208  ENSMUST00000064686 -

TS (GS17) NM_001081032  ENSMUST00000040467 AB35923|

T3 (GS18) TL AK033602 ENSMUST00000025312 -

M5 (GS23) CRW2 XM_903477 ENSMUST000001 13667 AB359228

M3 (GS24) Hmt NM_013819 ENSMUST00000038580 AB267096
M2 Thy19.4 AY302212 ENSMUST00000077662 -

Haplotype b (C57BL/6) was used. Nomenclature of each gene was based on the previous reports [23, 26], except for GS number. The H2 prefixes

were omitted. The GS numbers in parenthesis represent the gene sequence numbers used in our laboratory.

profiles and functions of recently duplicated genes. Of
particular note is the loss of expression in the liver, heart,
muscle and testis by H2-T11, as previously reported for
the liver [31], in comparison to its paralogous gene, H2-
T23; and the loss of expression of H2-T10 in all tissues
except the thymus, spleen, ovary and placenta in compar-
ison to the tissue-wide expression by its paralogous gene
H2-T22. The gene paralogs, H2-T13, -T7 and -T5, all
showed tissue specific expression in the small intestine,
except that the brains of adults also expressed the H2-T13
gene, the thymus and placenta expressed the H2-T5 gene
and the thymus, ovary and placenta expressed H2-T7 (Fig-
ure 4).

The tissue expression patterns of the two flanking genes,
H2-T24 and -T3, in the H2-T region are markedly different
and may be among the oldest of the genes in this region.
The centromeric H2-T24 gene was expressed widely,
whereas the telomeric H2-T3 gene expression was
restricted to the thymus and the small intestine (Figure 4)
as previously reported [12,13].

As described above, the genes H2-Q5, -Q6 and -Q7 were
probably generated by monogenic tandem duplications.
In this regard, H2-Q7 showed the widest tissue expression,
followed by H2-Q6 and then H2-Q5. This suggests that
there might have been a gain or loss of tissue specificity

with each gene duplication event. Of the other H2-Q
genes, the most tissue-wide expression was by H2-Q4.

The Mhc gene expression in the brain is of particular inter-
est because such genes could have a specific function in
brain development and plasticity [17]. In this study, we
identified 12 class Ib genes, H2-Q1, -Q2, -Q4, -Q7, -T24, -
T23,-T22,-T15, -T13, -T11, -M3 and -M5, expressed in the
brain. The Mhc gene expression in the brain warrants fur-
ther investigation particularly to determine in what cells
(neurons and/or various glial cells) and at what stages of
brain development these genes are expressed.

Expression of Mhc class Ib genes in embryos and placentas
Some Mhc genes are known to express and function dur-
ing development in the embryo [32,33] and/or in the pla-
centa [34]. Therefore, we determined which of the 20 class
Ib genes were expressed in the embryo and placenta (Fig-
ure 4 and 5). The expression of some of the class Ib genes
gradually increased (e.g. H2-Q10 and -T7) or decreased
(e.g. H2-Q6 and -M3) during the course of development.
The class Ib genes that were expressed widely in the adult
tissues (H2-Q4, -Q7, -T24, -T23, -T22 and -M3) also
tended to be expressed throughout the developmental
stages. This observation suggests that the regions in which
these class Ib genes are located may have an open or acces-
sible chromatin configuration from the time of the first
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Expansion of H2-T region by monogenic and multigenic tandem duplications
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Figure 2

A schematic model of the expansion of the H2-T region by monogenic and multigenic tandem duplications.
This model represents monogenic and multigenic tandem duplications originating from a hypothetical ancestral H2-T genomic
sequence consisting of six H2-T genes. Each labeled box represents a H2-T gene in a linear array (horizontal) at different evolu-
tionary times along the vertical axis. The horizontal double arrows labeled DI and D2 represent the genomic products of the
multigenic tandem duplication, with each product consisting of four genes.

observable developmental stage. We could not detect H2-
T13, -T10, -T9, -T3 and -M2 in the embryo or placenta,
although H2-T13 (Blastocyst MHC) was previously shown
to express in the placenta of B6 mice [34]. This negative
result may be due to the developmental stage examined.
Tajima et al. (2003) examined Blastocyst MHC gene
expression at E3.5, E7.5 and E13.5 and expression at
E13.5 was difficult to detect [34], while we analyzed gene
expression at the developmental stages from E9.5 - E14.5.

We also examined the expression of class Ib genes in the
brains of the E14.5 embryos (Figure 5). Nine genes (H2-
Q1, -Q2, -Q4, -Q7, -T24, -T23, -T22, -T11 and -M3) were
transcribed in the brains of the E14.5 embryos. All of
them were also expressed in the adult brain (Figure 4),
indicating that these gene products may have a functional
role in both adult and embryonic brains.

From the RT-PCR analyses in Figure 4 and 5, we identified
alternative splicing variants in the H2-Q1, -Q10, -T24, -
T11, -T9 and -M5 (for M5 gene, see GenBank:AB378579)

genes. The splicing patterns can be classified into four
types: A) a common splicing pattern for class I gene, B) a
loss of alpha2 domain, C) an unspliced second intron and
D) an unspliced fourth intron. The type B variant was seen
for H2-Q10 and -M5 expression, whereas type C was
observed in H2-Q1, -T11 and -T9 expression. H2-T24
showed type D variant. It is of interest in future to deter-
mine whether these splicing variants have distinct or com-
mon functions. The type A and type B variants were
previously reported for the H2-T13 (Blastocyst MHC) gene,
and the RMA-S cell expressing the type B variant was pro-
tected from NK cell-mediated rejection via loading of its
signal peptide onto the Qa-I molecules [34].

Expression patterns between duplicated class Ib genes

Since local duplication in the H2-T region (Figure 2) have
produced gene sets with high sequence similarity (Figures
1B,C and 2) even in the upstream promoter region (Figure
3), a redundant expression pattern was expected between
the similar genes. However, as described above, the
expression patterns between similar genes were mostly
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Figure 3

PipMaker analyses of genomic sequences of mouse H2-T genes. PipMaker analyses were performed to detect similar-
ity within the promoter region. Sequences used for comparison include 3 kb of 5' upstream region and | kb of 3' downstream
region of coding sequence for each gene. Exons are indicated by black boxes above the plot.
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Figure 4

Expression of Mhc class Ib genes in adult tissues. RT-PCR was performed on total RNA isolated from tissues of C57BL/
6] mouse. Identities of bands were confirmed by amplified sizes and by sequencing (indicated by yellow asterisk). The same
reaction conditions were useéd for PCR.
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Figure 5

Embryonic and placental expression of Mhc class Ib genes. RT-PCR analysis was performed on total RNA isolated
from E9.5-14.5 of C57BL/6) embryos and placentas. As for the E14.5 embryo, RT-PCR was conducted using cDNA as tem-
plates, derived from total RNA isolated from the brain and liver. Identities of bands were confirmed by amplified sizes and by
sequencing (indicated by yellow asterisk). The same reaction conditions were used for PCR.
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different. For example, H2-T23 was expressed widely,
whereas the H2-T11 gene paralog showed a much more
restricted expression pattern. This difference in expression
between duplicated genes was especially remarkable for
H2-T22 and -T10 expression (Figure 4) because the
sequences of the upstream promoter regions of H2-T22
and -T10 are almost identical (Figure 3). In contrast, the
H2-T13, -T5 and -T7 duplicated genes have similar nucle-
otide sequences, including within their promoter region,
and similar expression patterns (predominantly in small
intestine). This expression pattern, especially for H2-T5
and -T7, was almost the same as for H2-T3 that flanks
these genes (Figure 2), but exhibited no similarity in the
promoter sequence (Figure 3).

The co-expression of neighboring genes, such as H2-T24
to -T22 or H2-T15 to -T3 (Figure 2), may be regulated by
1) independent cis-acting regulatory elements for each
gene that produce similar expression patterns, or by 2) a
shared long-range regulatory element that operates over
several genes (i.e. along-range enhancer and/or a chroma-
tin level regulation). Model 1 is appropriate for duplicated
regions in which control regions are duplicated together
with the coding sequence [35]. This is the most likely
explanation for co-expression of H2-T5 and -T7 (Figure
3). The possibility that different promoter sequences pro-
duce a similar expression pattern might also be explained
by model 1. The 2.8 kb promoter region of H2-T3 was
shown previously to direct transgene expression in the
epithelial cells of the small and large intestine [36]. There-
fore, it will be of interest in future to examine whether the
upstream regions of H2-T5 and -T7 have the same activity
as that of H2-T3 (Figure 3). We think, however, it is
unlikely that all the genes located between H2-T24 to -T22
or H2-T15 to T3 contain their own cis-regulatory element
with similar function. Considering the order of the H2-T
genes that show tissue-wide or tissue-specific expression,
we rather favor model 2. The H2-T genes with tissue-wide
expression are located within the same 40 kb centromeric
portion of the H2-T region (H2-T24 to -T22), whereas the
genes H2-T15 to -T3 located at the telomeric-end exhib-
ited a tissue-specific expression pattern with most of them
predominantly expressed in the small intestine (Figure 4).
The region containing the genes from H2-T15 to -T3 with
the restricted tissue expression spans as much as 150 kb,
which is consistent with the possibility of a long-range
regulation. The long-range regulation may provide a sim-
ple explanation of different expression patterns of similar
genes (e.g. H2-T22 and -T10) and similar expression pat-
tern of genes with distinct promoter regions (e.g. H2-T5, -
T7 and -T3) over long distances. This model is supported
by recent papers that reported that a special AT-rich bind-
ing protein 1 (SATB1), the most characterized matrix
attachment regions (MARs)-binding protein (MBP), is
involved in the tissue-specific chromatin organization of
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the human MHC class I locus and its expression profile
[37,38].

The mouse is known to have strain-specific gene duplica-
tions in the H2-T region with a number of duplicated H2-
T gene differences between strains producing considerable
variability between haplotypes [39,40]. The genomic fea-
tures, organization and the expression patterns of the H2-
T genes in other mouse strains warrant a comparative
analysis. The expression pattern analysis of rat Mhc class
Ib genes [41] may also provide clues for our hypothesis
for the long-range regulation of duplicated class Ib gene
expression. In addition, an investigation of gene duplica-
tions in genetically modified mice may help to distinguish
between the different models involved in the regulation of
duplicated gene expression. We are currently generating
chromosomally engineered mice towards these ends.

Conclusion

We have identified 21 transcribed Mhc class Ib genes in
the H2-Q, -T and -M regions and examined their expres-
sion patterns within a wide array of developmental and
adult mouse tissues. Some of the class Ib gene products
were expressed tissue-wide, while others were expressed in
a tissue-restricted manner. These results provide a basis to
select important candidate Mhc class Ib genes for future
functional validation studies. For example, we found 12
brain-expressed class Ib genes that could have neuronal
and other functions in brain development and plasticity.
We also found that genes expressed tissue-wide are
located in the centromeric region, whereas the tissue-spe-
cifically expressed genes are located towards the telomeric
end of the H2-T region where the number of genes has
been increased by local duplication. In this region, there
are genes that showed distinct expression patterns in spite
of their similar nucleotide sequences, and there is a gene
pair that has a similar expression pattern, but dissimilar
promoter sequence regions. From these results, the pres-
ence of a long-range regulation of H2-T genes is suggested,
although we cannot dismiss the possibility that nucle-
otide changes in the promoter and enhancer regions have
contributed to the loss or gain of tissue-wide expression.
Since this region has diversified not only between rodent
species, but also between mouse strains, it should be a
good model region to address the relationship between
genomic organization and expression patterns.

Methods

Sequence analysis

The genomic sequences of the H2 region used in this
study were obtained from the public databases at the
NCBI Entrez Genome Project ID 9559 [42] and the
Ensembl Mouse Genome Project [43]. Although we first
analyzed the NT_039650.2 genomic contig by using a
GENSCAN program [44] to identify the Mhc class Ib
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genes, we finally utilized the NCBI Mouse Build 36 con-
taining the nearly completely annotated sequence of this
region, which was released on June 20%, 2006. Dot matrix
analysis was performed on these genomic sequences to
detect duplicated regions by using Harrplot Ver. 2.0 as
part of the computer software GENETYX package. Com-
plete or partial coding sequences of each Mhc class I gene
was first predicted by GENSCAN, referred to the annota-
tion, and finally confirmed by the sequencing of RT-PCR
products. These coding sequences (nucleic acids) were
aligned by the ClustalW program version 1.83 at DDB]
[45] using the default setting and Kimura's two-parameter
method to estimate the evolutionary distances. The final
outputs as radial phylogenetic trees were generated with
the TreeView drawing software. The sequences used for
the phylogenetic tree analyses are listed in Table 2 (shown
in "Ensembl transcript ID" column for H2-Q1, -Q2, -Q5, -
Q6, -Q7, -Q10, -T24, -T13, -T11, -T10, -T7 and -T3, in
"NCBI accession" column for H2-Q4, and in the "Deter-
mined in this study" column for H2-T23, -T22, -T15, -T9,
-T5). PipMaker analyses were performed on selected Mhc
class Ib gene sequences to visualize the DNA sequence
similarities [46]. The genomic sequences analyzed by Pip-
Maker contained the regulatory region 3 kb upstream
from ATG start codon and the untranslated downstream
region 1 kb from the stop codon in addition to the exon
and intron sequences.

Reverse transcriptase-polymerase chain reaction (RT-
PCR)

The mRNA expression of Mhc class Ib genes was deter-
mined by RT-PCR analysis. Total cellular RNA was iso-
lated from the thymus, spleen, small intestine, liver,
kidney, lung, heart, skeletal muscle, cerebral cortex, thala-
mus, cerebellum, testis and ovary of adult C57BL/6] mice,
and the embryo (E9.5 - E14.5, where embryonic day 0.5
[E0.5] was defined as midday (noon) of day 1 when a vag-
inal plug was detected after overnight mating.), placenta
(E9.5 - E14.5), and embryonic (E14.5) brains and livers
of C57BL/6] mice using the guanidine isothiocyanate/
CsCl ultracentrifugation method. Complementary DNA
(cDNA) was synthesized from isolated RNA using the
Gene Amp RNA-PCR core kit (Applied Biosystem) with
the oligo-dT primer and 2 pg RNA as template in a 40 pl
volume according to the manufacture's protocol. An alig-
uot of 0.5 ul from the 40 pl of the cDNA was used for RT-
PCR reactions of all cDNA samples. The PCR was per-
formed in 20 pl of a total reaction volume under the fol-
lowing conditions: cDNA was denatured at 95°C for 5
min, followed by 35 cycles of amplification (95°C for 45
s, 58°C for 30 s and 72°C for 1 min) and 5 min at 72°C.
The PCR primers used for the amplifications are listed in
Table 1 (see also additional file 1). The primer sets were
manually designed to amplify specific Mhc class Ib genes
by locating the gene specific polymorphisms within 5-bp

http://www.biomedcentral.com/1471-2164/9/178

of the 3' end as much as possible. All primers were
designed within putative cDNA to flank or cross at least
one exon-intron border. Resultant RT-PCR products were
directly sequenced to verify their identity.

3' Rapid amplification of cDNA end (RACE) and cloning of
class Ib cDNAs

To determine the complete cDNA sequences of H2-T5, -
T15, -T22, -T23 and -M5, 3'RACE was performed using
thymus or duodenum RNAs as template, the oligo-dT-
primer with adapter (GGCCACGCGTCGACTAGTACT,;.),
and the forward primers listed in Table 1. The 3'RACE
products were cloned into pBSII plasmid (STRATAGENE).
RT-PCR covering the translation start site was done using
the following forward primers designed from the genomic
sequences around the translation start codon (ATG) as
predicted by GENSCAN program:

H2-T5; TCTCCTGTATCATCATTCCCAGAT,
H2-T15; ACTGTACTGAGCTCTCTCTATCCCA,
H2-T22; AGTTTATAAAGCTGTCCAAGATCT,

H2-T23; GATTCAGGTTCCTCACAGACCCAG,

H2-M5; TGTATGAGAAGCCCTGCGCTCT, and the reverse
primer listed in Table 1. The products were also cloned
into pBSII plasmid. The nucleotide sequences of the
3'RACE and RT-PCR products were combined and ana-
lyzed.

List of abbreviations
Mhc: major histocompatibility complex; RT-PCR: Reverse
transcriptase-polymerase chain reaction.
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Microsatellite analysis of the GLC1B locus on
chromosome 2 points to NCK2 as a new candidate
gene for normal tension glaucoma

M Akiyama,' K Yatsu,>* M Ota,* Y Katsuyama,® K Kashiwagi,® F Mabuchi,® H lijima,®

K Kawase,” T Yamamoto,” M Nakamura,® A Negi,® T Sagara,® N Kumagai,® T Nishida,®
M Inatani,’® H Tanihara,'® S Ohno," H Inoko,® N Mizuki'

ABSTRACT

Aims: The aim of this study was to investigate the
association between normal tension glaucoma and the
candidate disease locus glaucoma 1, open angle, B
{GLC1B) on chromosome 2. There are many reports
describing the results of association or linkage studies for
primary open angle glaucoma (POAG), with GLC1B as one
of the loci associated with normal or moderately elevated
intraocular pressure. However, there are few reports
about the association of genes or defined genomic
regions with normal tension glaucoma, which is the
leading type of glaucoma in Japan. The GLC1B locus is
hypothesized to be a causative region for normal tension
glaucoma. .
Methods: Genomic DNA was extracted from whole
blood of normal tension glaucoma (n = 143) and healthy
controls (n = 103) of Japanese origin.

Results: Fifteen microsatellite markers within and/or near
to the GLC1B locus were genotyped, and their association
with normal tension glaucoma was analysed. Two
markers D2S2264 and D2S176 had significant positive
associations.

Conclusion: The D25176 marker had the strongest
significant association and it is located 24 kb from the
nearest gene NCK2, which now becomes an important
new candidate gene for future studies of its association
with normal tension glaucoma.

The cause of glaucoma has been attributed largely
to primary open angle glaucoma (POAG) asso-
ciated with elevated IOP, but in Japan normal
tension glaucoma (NTG) is the leading type of
glaucoma. The Tajimi study group reported that
the prevalence rate of NTG was 3.60% in Japan.!
These studies suggested that more emphasis should
be placed on the prevention, detection and treat-
ment at an early stage of the disease in order to
prevent irreversible blindness.

Elucidation of the genetic aetiology of glaucoma
has been increasingly emphasised as an important
step for a better understanding of the pathogenesis
of this disease, and for ultimately improving the
prevention strategies, diagnostic tools, and therapy
in the new millennium.? A few reports describing
the results of association or linkage studies for
POAG® are available, and they have linked the
disease to numerous chromosomal regions.*'> The
application of linkage analysis to glaucoma with
the exception of obvious Mendelian inheritance,
has achieved only limited success thus far.

Br J Ophthalmol 2008;92:1293-1296. doi:10.1136/bjo.2008.139980

One of the candidate loci that has been
identified for POAG is Glaucoma 1, open angle, B
(GLC1B, MIM:606689) located on chromosome 2.°
The identification of this locus was based on a
linkage study of six Caucasian families in the UK
and the GLC1B locus for adult-onset POAG was
identified within a region of 11.2 cM flanked by
markers at chromosome 2cen-q13. The POAG
patients in these families had clinical character-
istics of low to moderate IOP, disease onset in their
late 40s, and a good response to medical therapy,
indicating that the GLC1B locus might encode a
POAG gene that is associated with normal or
moderately elevated IOP. Interestingly, eight addi-
tional families, in which members had variable
clinical presentations, did not show any linkage to
this region. Another study on American families
also excluded 2cen-q13."® These studies suggest
that there is genetic heterogeneity for POAG and
the possibility of a specific NTG gene.

The aim of our study was to determine the
association between 15 selected microsatellite
(MS) markers within or near to the GLC1B locus
and NTG in Japanese subjects. The 15 MS markers
are distributed across the GLC1B region with each
neighbouring MS locus less than 100 kb apart and
consequently in linkage disequilibrium (LD) with
each other. We considered that the number and
distribution of the MS markers were enough to
identify disease-predisposing genomic variants in
terms of LD. The MS markers chosen for this study
are highly polymorphic and have a high degree of
heterozygosity (on average, approximately 70%)
and LD lengths in the 100-200 kb range.'**

MATERIALS AND METHODS

Subjects for microsatellite typing

One hundred and forty-three patients with NTG
for patients and 103 healthy individuals partici-
pated for controls in this study. The subjects were
of Japanese origin from Yokohama City University,
Yamanashi University, Gifu University, Kobe
University, Yamaguchi University, Kumamoto
University and Tokai University in Japan. The
diagnosis of NTG was made according to the
guidelines of Genetic Variation Project Team in the
Japanese Society of Ophthalmology (declared in
2000), which defined NTG as glaucoma with an
intraocular pressure (IOP) of less than 21 mm Hg
by Goldmann applanation tonometry without
medication, including during the 24 h diurnal
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curve, open irido-corneal angle, glaucomatous optic disc
appearance, and the corresponding glaucomatous visual field
defect. The subjects had no systemic abnormalities.
Glaucomatous optic disc change was diagnosed when the
vertical cup/disc ratio of optic nerve head was more than or
equal to 0.7, the rim width at superior portion (11-1h) or
inferior portion (5-7 h) was less than or equal to 0.1 of the disc
diameter, the difference of the vertical cup/disc ratio was more
than or equal to 0.2 between both eyes, or a nerve fibre layer
defect was found. We have excluded individuals diagnosed at an
age under 20 or over 60 years. Glaucomatous visual field defect
was defined in a hemifield basis using reliable field data
examined by the Humphrey static visual field analyser (Carl
Zeiss-Meditec) C30-2 program according to the Anderson and
Patella’s criteria: the hemifield was judged abnormal when the
pattern deviation probability plot showed a cluster of three or
more non-edge contiguous points having sensitivity with a
probability of less than 5% in the upper or lower hemifield and
in one of these with a probability of less than 1%. The selection
criteria were modified depending on the subjects’ age in order to
minimise the effects of damage to the retinal ganglion that
occurs due to ageing; that is, the mean deviation measured by
HFA C-30-2, (i) no requirement if the patient was diagnosed at
the age under 50 years (ii) —10.00 dB or worse in at least one
eye if the patient was diagnosed at the age between 50 and 55
(iii) —15.00 dB or worse in at least one eye if the patient was
diagnosed at the age above 55.

During diagnosis, patients whose refraction values were
myopic over —8.0 D of spherical equivalent and had changed
due to cataract surgery, refractive surgery, etc were excluded
from the study. In cases where a glaucomatous visual field
defect was present in only one eye, the refraction value and
glaucomatous visual field defect of the affected eye were
adopted. Further, in cases where a glaucomatous visual field
defect was present in both eyes, the refraction value and
glaucomatous visual field defect of the more severely affected
eye were adopted.

The control subjects were all healthy volunteers having
regular medical check-ups. They are all under 50 years old. All
personal identities associated with medical information and
blood samples were carefully eliminated and replaced with
anonymous identities in each recruiting institution.

This study was performed in accordance with the Declaration
of Helsinki, and we obtained informed consent from all patients
and healthy individuals whose DNA samples were used in the
analyses. Our experimental procedures were conducted in
accordance with the Declaration of Helsinki and approved by
the relevant ethical committee in each participating university
and centre.

DNA genotyping

DNA was extracted using a QlAamp DNA blood kit (QIAGEN,
Hilden, Germany) under standardised conditions to prevent any
variation in DNA quality. This was followed by 0.8% agarose

gel electrophoresis to check for DNA degradation and RNA
contamination. Following measurement of the optical density
to check for protein contamination, the DNA concentration
was determined through three successive measurements using
the PicoGreen fluorescence assay (Molecular Probes, Eugene,
OR). PCR reactions were performed in a total volume of 12.5 pl
containing PCR buffer, genomic DNA, 0.2 mM dinucleotide
triphosphates (dNTPs), 0.5 pM primers, and 0.35 U Taq
polymerase. The reaction mixture was subjected to 5 min at
94°C, then 30 cycles of 30 s for denaturing at 94°C, 30 s for
annealing at 56°C, 1 min for extension at 72°C and then 10 min
for final elongation at 72°C using a polymerase chain reaction
(PCR) thermal cycler, GeneAmp System 9700 (Applied
Biosystems, Foster City, CA). To determine the number of
microsatellite repeats, PCR-amplified products were denatured
for 2 min at 95°C, mixed with formamide and electrophoresed
using an ABI3130 Genetic Analyzer (Applied Biosystems). The
number of microsatellite repeats was estimated automatically
using the GeneScan 672 software (Applied Biosystems) by the
local Southern method with a size marker of GS500 TAMRA
(Applied Biosystems).

Marker information
Microsatellite (MS) sequences were computationally detected
from all the chromosomes. In this study, we utilised 15 MS
markers within or near the GLC1B locus as shown in fig 1.
The PCR primer pairs of the 15 MS markers for the
association test were designed in order to improve the efficiency
of PCR (table S1, at http://bjo.bmj.com/content/vol92/issue9).
The forward primer was labelled at the 5’ end with 6-FAM,
NED, PED or VIC (ABI, Tokyo).

Statistical analysis

The measurements of the heights of individual peaks in the
DNA were applied to association analysis. To calculate p values,
we used y* tests and made corrections using Bonferroni
correction. The Hardy-Weinberg test for allele frequency
distributions at the microsatellite loci was performed using a
probability test for differentiation, as determined by GenePop
3.4. Other basic analyses were carried out using Microsoft Excel.

RESULTS

We genotyped 15 MS markers, and their locations are shown
within the GLC1B locus in fig 1. The observed and expected
frequencies of each genotype for the 15 markers in the case and
control subjects were in Hardy-Weinberg equilibrium (data not
shown). Two markers D252264 and D2S176 were significantly
positive, as shown in tables 1, 2. In considering the LD range,
the susceptibility genes for NTG were estimated to reside
within a 100-150 kb region flanking the two positive markers
D252264 and D25176. The corrected p value for the 245 allele of
D25176 was <0.05. There was no significant association for the
other 13 markers.

Figure 1 Locations of 15 microsatellite D250123i ) .
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