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Atopy is a common and genetically heterogeneous syndrome
predisposing to allergic asthma and rhinitis. A locus linked to
the atopy phenotype has been shown to be present on chromo-
some 11q12-13. Linkage has only been seen in maternally
derived alleles. We have constructed a genetic linkage map of
the region, using 15 markers to span approximately 27 cM,
and integrate previously published maps. Under a model of
maternal inheritance, the atopy locus is placed within a 7-cM
interval between D11S480 and D11S451. The interval con-

Chromosome 11

Introduction

Atopy is a common familial syndrome
which underlies allergic asthma and rhinitis.
It is characterised by immunoglobulin E re-
sponses to common aero-allergens such as
grass pollens or house dust mite. An atopy-
associated phenotype may be defined by mea-
suring prick skin test responses to these aller-
gens, by measuring specific IgE responses and
by estimating the total serum IgE. These vari-
ables are strongly correlated with each other
and with the prevalence of symptoms [1].

A gene predisposing to atopy has previous-
ly been localised on chromosome 11q13 [2].

tains the important candidate gene FCERIB.

The linkage has been replicated in nuclear
families [3], and has been independently con-
firmed in extended Japanese families [4], and
Dutch asthmatic sib pairs [5]. All these posi-
tive linkage results were seen in families with
severe symptomatic atopy. Linkage at this
locus is made more difficult because it is seen
predominately through maternal meioses [3~
7]. Linkage is also confounded by a high pop-
ulation prevalence, and low penetrance in ear-
ly childhood and late adult life [7].

In common with many studies of complex
diseases, the ability to replicate the linkage
has not been universal [8~10]. Despite some
methodological difficulties with these nega-
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tive studies, particularly the size of the sample
investigated, it is clear that significant genetic
heterogeneity underlies the syndrome. The
importance of the 11q13 locus with respect to
other loci has not yet been determined.

The atopy locus has previously been map-
ped to the interval between the loci D11S97
and D11S451 [11]. More precise mapping
required a comprehensive genetic linkage
map of 11q13 and the surrounding area. Pre-
vious maps of this region [12, 13] have only
one locus in common. To integrate markers
from these two earlier maps, we have geno-
typed 15 loci from the region in 88 two-
generation families segregating atopy. We
have subcloned previously described cosmid
probes [14, 15] to reduce the number of repet-
itive elements, and to facilitate genotyping.

Materials and Methods

Pedigrees

A mapping panel of 401 subjects from 88 nuclear
families was studied as described previously [6]. The
father was atopic in 31 families, the mother in 17, both
parents in 21, and neither in 5; in the remainder, atop-
ic status of one or both parents was uncertain or
unknown. The families were recruited through pro-
bands with asthma or hay fever, or through media
appeals for families with symptomatic atopy.

Phenotype

Atopy was defined as the presence of one or more
of the following features: a positive skin prick test at
least 2 mm greater than a negative control; a positive
specific IgE titre, and a high total serum IgE concentra-
tion. Skin prick tests to a variety of common aero-aller-
gens were performed as described previously [2]. Spe-
cific IgE was detected by enzyme-linked immunosor-
bent assay (ELISA; Phadezym RAST, Pharmacia) and
the cut-off points for a positive titre were as used pre-
viously [2]. A high total IgE (Phadezym PRIST, Phar-
macia) was taken to be greater than published normal
values for children [16] or 100 kU/1 in non-smoking
adults [17]. High concentrations of IgE in smokers and
ex-smokers, and IgE in the borderline range 85-
100 kU/1 was classified as unknown phenotype in the
absence of other abnormal tests.

DNA Markers

The characteristics of the markers used to construct
the linkage map are summarised in table 1. The mark-
ers include two VNTR probes and two microsatellite
repeats. Eight of the markers were originally cosmid
clones. Although the cosmid from the D11S453 locus
revealed alleles different to those previously reported
in Japanese subjects [14], the probe was retained in the
analysis because of its linkage to the other markers in
the region.

Subcloning of Cosmid Probes and Detection of

Polymorphism

Because the cosmid probes contained repetitive
sequences, with subsequent difficulty in Southern hy-
bridisation, subclones free of repetitive elements were
developed for each probe.

As each cosmid was likely to contain a complete
copy of one allele found at that locus, digestion of cos-
mids with the appropriate restriction enzyme allowed
recognition of particular allele fragments by their size.
Fragments of the correct size were excised from a gel
and hybridised to suitable genomic blots. Fragments
detecting the correct polymorphism were subcloned
into pUC19 [18].

This procedure was successful for seven of the eight
cosmids used in this study (table 2). Cosmid c¢CI11-44
did not however contain a PstI fragment which was the
same size as one of the alleles at this locus. This was
probably due to an incomplete allelic fragment at one
end of the genomic insert in ¢cCI11-44. The ends of the
insert were isolated using the two NotI recognition
sequences flanking the vector cloning site [19]. Two
fragments from a Pst1 digest of ¢CI11-44 were cleaved
by NotI. One of these was found to detect the polymor-
phism and subcloned as pCI11-44-AS (table 2).

RFLP and VNTR polymorphisms were detected
using standard procedures described previously [11].
The a satellite centromere probe pLCl1a was used
under conditions designed to ensure that only chromo-
some-11-specific hybridisation occurred [20]. Two mi-
crosatellite markers (FceRIBca and CI11-319ca) were
isolated and typed as previously described [11, 21,
22].

Linkage Analysis

All autoradiograms were independently scored by
two individuals without knowledge of the atopic status
of the subjects. Linkage analysis was performed with
the LINKAGE group of programs [23]. Estimates of
allele frequencies at the marker loci were derived from
the literature or from unrelated individuals in the map-
ping panel.
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Table 1. Characteristics of RFLP/VNTR markers Table 2. Subclones of cosmid

probes.
Probe Enzyme Allele sizes Allele PIC Refer-
(locus) kb frequency ence Subclone Insert fragment
pMS51 Taql VNTR 9 alleles 0.77 25 pCI11-4-AS 2.7 kb Pyull
(D11S97) 1.3-4.3 pCI11-8-AS 1.7 kb Pst1
pLClla Xbal abs 0.71 0.41 20 pCI11-44-AS 5.3kb Pst1
(D11Z1) 2.543.4 0.07 pCI11-231-AS 7.8 kb Taql
1.0 0.19 pCI11-318-AS 2.5kb Rsal
1.0+2.5+3.4 0.03 pCI11-222-AS 4.5kb Taql
pB1-21 Mspl 9.0 0.47 0.37 26 pCI11-473-AS 3.1kb Tagl
(CD20) 6.0 0.53 pCJ52.92-AS8 3.9 kb Mspl
p3C7 Mspl 10.0 0.30 0.32 27
(D11S288) 7.0 0.70
PGA101 EcoRI 13.5+17.2+17.8 0.54 0.48 28
(PGA) 17.2+17.8 0.37
22.0 0.06
Bglll 6.3
1.6
pCJ52.92-AS Mspl 4.7 0.47
39 0.53
pCI11-4-AS Taql VNTR 6 alleles 0.70 14
(D115427) 2.5-3.5
pCI11-8-AS Pst1 4.8 0.42 0.36 14
(D115429) 3.1+1.7 0.58
pCI11-44-AS Pst1 3.5 0.58 0.36 14
(D11S443) 2.5 0.42
pCI11-222-AS  Taql 4.5 0.33 0.34 14
(D118451) 24 0.67
pCI11-231-AS  Taql 7.8 0.58 0.36 14
(D115453) 4.0 0.42
pCI11-318-AS  Rsal 2.5 0.42 0.36 14
(D115479) 1.8 0.58
pCl11-473-AS  Taql 6.2 0.50 0.37 15
(D11S585) 3.1 0.50
CI11-319ca 0.201 0.07 0.74 22
(D118480) 0.199 0.15
0.197 0.31
0.195 0.10
0.193 0.04
0.191 0.02
0.189 0.30
FceRIPca 0.128 0.03 0.63 11
(FCERIB) 0.124 0.01
0.122 0.23
0.120 0.28
0.118 0.01
0.116 0.42
0.112 0.02
abs = Absent.
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Pairwise recombination estimates and ]od scores
were calculated between all possible pairs of loci. Map
construction was started with sets of three informative
markers, which were tested for all possible orders.
Orders with odds of 1,000:1 better than any other
order were chosen as a framework onto which all other
markers were mapped. Each additional marker was
tested in every possible position and added if place-
ment was favoured by odds of a least 1,000:1, thus
extending the map in a sequential manner. The map
was constructed assuming sex-equal recombination
fractions for each interval. Once an initial locus order
was determined, the data were analysed to identify any
individual chromosomes with multiple recombination
events. Markers were retyped when these recombi-
nants involved closely linked adjacent loci.

To minimise the possibility of an incorrect order
being accepted, the map was constructed several times
using different starting sets of loci. Once an order was
established; the odds against inversion of adjacent loci
were calculated. For markers whose placement was not
favoured by odds of 1,000:1, a 1-lod-unit support inter-
val was estimated (approximating to a 95% confidence
interval).

Linkage of atopy to the markers was assessed inde-
pendently for maternally and paternally derived alleles
by affected sib-pair methods. All sibling pairs from
multiple sibships were regarded as independent [24].
Significance was calculated on the assumption that the
expected proportion of sibling pairs sharing an allele
from the specified parent was 0.5.

To derive a l-lod-unit support interval for the
localisation of atopy from the multipoint map, a ma-
ternal model of inheritance of atopy was imposed on
the data. The analysis assumes that paternal inheri-
tance of atopy does not take place at this locus, and
that non-atopic mothers are ‘carriers’ who are nev-
ertheless capable of transmitting an allele conferring
disease to their offspring (as is the case of an imprinted
allele derived from the maternal grandfather).

The LINKAGE program was forced to consider
only maternal alleles for the transmission of atopy by
classifying all fathers as having a normal phenotype
with a penetrance of 1.00. To allow for the presence of
carriers, the mothers were assumed to have a pene-
trance < 1, arbitrarily 0.60 in the present analysis. The
children were classified as having a penetrance of 0.99
for heterozygotes. The gene frequency of atopy was set
at 0.25 and only affected offspring were considered.
The LINKMAP program was then used to define a 1-
lod support interval for atopy.

Results

Two-Point Analysis

Pairwise recombination estimates and lod
scores were calculated between all 15 loci.
Differences in sex-specific recombination
rates were examined for each adjacent locus
pair in the map. A significant difference in
sex-specific recombination was only found
between D11S451 and FCERIB (32 = 5.06,
p < 0.059), which showed an excess of female
recombination.

Multipoint Analysis

The results allowed the construction of a
genetic linkage map spanning a distance of
27 cM (sex-equal length) on chromosome 11.
Eleven of the 15 markers could be ordered
with odds of at least 1,000:1 (fig. 1). The over-
all length of the map between CJ52.92 and
D11S288 was 37 cM in female meioses and
21 cM in males (female/male ratio 1.8).

The framework loci used for the construc-
tion of the map were D11S97, D11S480 and
D11S429. The mapping procedure was re-
peated with three different sets of framework
loci, giving the same results. Odds against the
inversion of adjacent loci are shown in fig-
ure 1. This figure demonstrates that the weak-
est evidence is for the relative placements of
D118S97 versus D11S443, D11S427 versus
D11S480 and D11S585 versus FCERIB. The
low odds for these orders arise because the
recombination rates between these loci are
very low. Four markers could not be placed on
the map with 1,000:1 odds, either because
they were not very informative, or because of
their close proximity to other markers. Fig-
ure 1 shows their most likely positions.

Localisation of Atopy

No significant excess of shared paternal
alleles was present for any locus (table 3).
However, for the maternal meioses, all the
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D11Z1

CD20
D118453

D115479 |

Fig. 1. Genetic linkage map of
chromosome 11q, constructed as-
suming sex-equal recombination
fractions for each interval. Dis-
tances are indicated in cM (Kosam-
bi mapping function). Markers
with only regional localisation are
displayed on the far left. The bars
delimit the 1-lod-unit support in-
terval for localisation. Odds against
inversion of adjacent loci are
shown on the right of the map.

markers showed an excess sharing of alleles.
The results extend our previous observation
that atopy at the 1l1q locus is inherited
through maternal meioses [6]. The degree of
excess sharing was highest in markers centro-
meric to D11897, but simple inspection of the
data did not give precise localisation of the
locus. To use multipoint information from the
extended chromosome 11 haplotype, and to
generate a confidence interval for the localisa-
tion of atopy, the LINKMAP program was
used as described above, exclusively utilising
information from maternal alleles in affected
children. This analysis defined a 7-cM confi-
dence interval for atopy excluding the flank-
ing markers D11S480 and D11S451 (fig. 2).

Odds again

inversion
— D115288
- D1 -
5.7 20:1
+ D118451 =
23 FCERIE 1510:1
06 1 p115585 231 3
15 1 poa u3t |
1.8 1970:1 |
+ D11S429 =
20 10*1
4 D11S480 _
(l"g ~+ D118427 131
~ 1 D11s443 1071 :|
0.5 + p11597 IR =
=
10.7 0
10:1
L c152.92 _
Discussion

We have constructed a genetic linkage map
of 15 markers on chromosome 11. Two other
linkage maps of this region have been pub-
lished [12, 13]. The map presented here
shares 3 loci in common with that of Julier et
al. [12] and 5 with that of Fujimori et al. [13].
The order of the markers for all the maps is
entirely consistent. The map presented here
has integrated marker loci from the two pre-
vious maps and has assigned positions to loci
not previously ordered.

The families in this study were character-
ised by severe atopy, with a high level of respi-
ratory symptoms. Other methods of ascertain-
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Table 3. Alleles shared by affected atopic sibling-
pairs.

Locus Paternal alleles Maternal alleles
1 0 9 1 0 %2

D118288 8§ 13 1.19 12 6 2.00
D11Z1 20 18 0.10 29 7 13.44**
D11S451 16 17 0.03 6 5 0.09
FCERIB 30 33 0.14 53 9 31.23*%
D11S585 17 17 0 36 4 25.60%
CD20 8 13 1.19 12 3 5.40*
PGA 20 14 1.06 8 3 227
D11S453 19 15 047 17 5  6.54*
D11S429 21 19 0.10 9 5 1.14
D11S480 4 42 0.05 58 11 32.01**
D115S427 23 23 0 50 12 23.29%
D11S479 11 13 0.17 31 2 2548
D118443 21 24 0.20 27 2 2155
D11897 42 41 0.02 70 25 21.32%*
CJ52.92 15 13 0.14 14 9 1.09

*p<0.05;**p<0.001.

ment, as from a population sample, may pro-
duce different degrees of linkage. The evi-
dence for linkage has been assessed by sib-pair
methods. These show, as previously [6, 11],
that linkage to chromosome 11q13 in our sub-
jects is exclusively through the maternal line.
This sex-specific effect was limited to the ato-
py phenotype, as the recombination rates be-
tween markers displayed a slight excess of
female recombination. A possible explanation
for these results is that the atopy locus on 11q
is subject to genomic imprinting, although
maternal modification of the atopy phenotype
through the placenta or breast milk is also
possible [6].

This study has allowed better localisation
of the chromosome 11 atopy gene, based on
maternally derived alleles in affected chil-
dren. The most likely position of this locus
has been defined as a 7-cM interval between
D11S480 and D11S451. Significantly, this in-

5.75

5.60+

5.25

5 00+

4.75

Multipoint lod score
B
[51)
<

4.254

4.00-

3.754

T T T T T T 1 T T
0.01 0.02 0.03 004 0.05 006 0.07 008 009
Genetic distance {cM)

Fig. 2. Localisation of the atopy locus on chromo-
some 11q. Vertical lines show positions of markers.
A= DI118427; B = D11S480; C = DI11S585; D =
FCERIB; E=D118451.

terval contains FCERIB, an important candi-
date gene for atopy. The map presented here
will assist in the design of future studies of the
atopy locus on 11q, and will allow accurate
estimation of the degree of heterogeneity. The
map will also help in the study of other disease
loci in this region.
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