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Background: Genetic and environmental factors are known to
play a role in the development of atopic diseases, such as asth-
ma, eczema, and rhinitis. However, the atopy gene (or genes)
has yet to be defined. Studies of familial asthma have identified
several regions that may contain genes predisposing to atopy,
but the data for candidate regions do not show agreement,
which may be due to heterogeneity, ascertainment bias, or sto-
chastic factors. Factors such as an early age of onset, a positive
family history, and a clearly defined phenotype favor a genetic
origin and improve the chance of identifying genes that predis-
pose to atopy.
Objective: We sought to define genes that predispose to the
development of atopic eczema.
Methods: We have studied nuclear families with multiple cases
of early-onset atopic eczema for involvement of the candidate
regions on chromosomes 5q31 (IL gene cluster), 11q13 (high-
affinity FCε receptor), 14q11.2 (mast cell chymase), and 16p12
(IL-4 receptor α-chain, IL4RA gene).
Results: Using a recessive model, we find a maximum para-
metric log of the odds of linkage score of 2.25 and nonpara-
metric score of 2.54 (P = .006) for a region on chromosome
5q31, which we postulate contains a gene predisposing to
atopic eczema, but lack of support for linkage to 11q13. Trans-
mission disequilibrium tests do not support an association with
candidate polymorphisms in the mast cell chymase and IL4RA
genes.
Conclusion: We have identified a clinically homogeneous
cohort of patients with atopic eczema to identify genetic fac-
tors predisposing to the development of atopy. We postulate
that there are certain loci that predispose to atopy in general
and other loci that determine which of the atopic phenotypes is
expressed. (J Allergy Clin Immunol 1999;104:1066-70.)
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With the advent of new and rapid techniques for gene
localization and cloning, over 200 single gene disorders
have been mapped, and the genes have been identified.
Researchers are now turning their attention toward com-
plex traits and attempting to dissect the underlying bio-
logic-genetic mechanisms that result in predispositions
to particular disorders, such as atopy, heart disease, dia-
betes, and schizophrenia. Defining such genetic factors
will shed light on pathophysiologic mechanisms, which
in turn should result in better treatment strategies. How-
ever, the analysis of complex traits is complicated by the
combined effects of genetic heterogeneity, phenocopies,
gene interactions, and incomplete penetrance.

Atopy is a common, chronic debilitating condition in
which treatment is often unsatisfactory. The atopic phe-
notypes include asthma, eczema, rhinitis, and food aller-
gy. Most studies of the genetics of atopy have focused on
individuals with respiratory symptoms (asthma) and an
elevated serum IgE level.1-9 They form a heterogeneous
group.10

In looking for genetic factors that might predispose an
individual to atopy, it is logical to examine the patho-
physiologic pathways involved in allergic responses to
focus the search initially on a few key genes. The key
genomic regions of interest in the initial studies include
chromosome 5q31 (in the region of the genes coding for
IL-4, IL-5, IL-9, IL-13, interferon regulatory factor 1,
GM-CSF-2, CSF-1 receptor, and platelet-derived growth
factor receptor)1,2 and chromosome 11q13 (at the locus
for the high-affinity FCε receptor 1, FCεR1).3-9,11,12 The
locus on chromosome 11q13 has been associated with
bronchial hyperreactivity, even in the absence of atopy.4

An alternative approach involves performing a genome-
wide search to identify novel candidate regions.6,7

The factors that favor a genetic origin and minimize
genetic heterogeneity are an early age of onset, a positive
family history, and a clearly defined phenotype.13 Atopic
eczema has a peak prevalence in the first 5 years of life,14

and it is easy to diagnose and to gauge severity. The con-
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tribution of the genetic component to atopic eczema is
evident in twin studies, which show concordance of dis-
ease in monozygotic twins (0.72) compared with dizygot-
ic twins (0.21).15 Most atopic diseases have a heritability
of between 0.60 and 0.72.16 The total serum IgE level is
highest in patients with atopic eczema compared with
patients with asthma, perennial rhinitis, and hay fever.16

There have been very few studies to date on eczema
genetics, and discordant findings have been observed.
One linkage study using markers on 11q13 flanking the
FCR1 locus gave negative data,12 whereas a more recent
study gave some evidence for support in a subgroup of
families with atopic dermatitis.17 Studies in the Japanese
population proposed an association between the presence
of a polymorphic restriction site within the mast cell chy-
mase (MCC) gene on chromosome 14q11.2 and atopic
eczema18 and a second association with a polymorphism
in the promoter of IL-4 on chromosome 5q.19 Finally,
Hershey et al20 looked at the Arg576Gln variant of the IL-
4Rα chain, an excess of which was found in a study of
people with hyper-IgE syndrome and severe eczema.

Using clearly defined clinical criteria, we have identi-
fied 50 families with sibships affected with severe
eczema under the age of 1 year. We have performed link-
age and association analyses for a number of candidate
loci to clarify which genes are involved in the develop-
ment of atopic eczema.

METHODS

Patients

Families with 2 or more children with atopic eczema attending
the specialist allergy center at the Royal Children’s Hospital were
identified. This study was approved by the Human Ethics Review
Board of the Royal Children’s Hospital. The criteria for entry of the
index case were as follows: severe generalized eczema in the first
year of life diagnosed by using standard criteria21,22 by a pediatric
allergy specialist (DH), an elevated serum IgE assay (>40 IU/mL for
<2 years of age, >150 IU/mL for 2-7 years of age, and >200 IU/mL
for >7 years of age; QuantiCLONE, Kallestad Diagnostics, Sanofi
Diagnostics Pasteur, Inc), a positive skin prick test response to one
or more dietary or inhalant allergens (wheal size greater than that of
a skin prick test with 1 mg/mL histamine) and/or a positive RAST
test response to common allergens (ELISA assay, Kallestad Aller-
coat EAST Conjugate Pack, Sanofi Diagnostics Pasteur, Inc; results
expressed as Allercoat EAST units: negative at <0.35 AEU/mL and
positive at >0.7 AEU/mL), and a sibling who had eczema diagnosed
in the first year of life by one of us (DH). The clinical symptoms in
the sibling may have been milder because of early dietary interven-
tion. Parents were questioned about a history of atopy.

Microsatellite genotyping

Genomic DNA was isolated from mouthwash samples by stan-
dard methods.23 In younger subjects mouth scrape samples were
collected on a wooden spatula. Polymorphic markers close to the
candidate loci on chromosomes 5q31 and 11q13 were selected. On
chromosome 5q31, the markers D5S404, D5S642, D5S666,
D5S471, and D5S659, spanning the IL-4 region, were analyzed. On
chromosome 11q13, the CA microsatellite repeat in the fifth intron
of the FCR1 gene and the ccIll-319ca marker adjacent to the gene
were analyzed.5 The final concentrations of each 20-µL PCR sam-
ple were as follows: 67 mmol/L Tris-HCl, pH 8.8; 16.6 mmol/L

(NH4)2SO4; 0.45% Triton X-100; 0.02% gelatin; 1.5 to 4.0 mmol/L
MgCl2; 200 mmol/L deoxyribonucleoside triphosphate; and 500
nmol/L each of forward and reverse primers. Taq DNA polymerase
(0.5 U, Boehringer Mannheim) was added. D5S404 was internally
labeled by the addition of 1 µCi of α32P-deoxycytidine triphos-
phate (3000 Ci/mmol). For D5S666, D5S642, D5S471, and
D5S659, 1 primer was end labeled according to standard procedures
by using 1 µCi of γ32P-deoxyadenosine triphosphate and added to
the PCR reaction, with the second primer unlabeled. PCR annealing
temperatures were 50°C (D5S471), 57°C (D5S404 and D5S642),
59°C (D5S659), 60°C (D5S666), and 55°C (FCR1 and MF). PCR
products were resolved on 5% (D5S404, D5S642, D5S666,
D5S659, and D5S471) and 8% (FCR1 and MF) polyacrylamide
gels. Genotypes were determined independently by 2 investigators.

MCC genotyping

Family members were analyzed for the BstX1 restriction enzyme
site in the MCC region of chromosome 14q11.2. DNA was amplified
by PCR with primers 5´-GGAAATGTGAGCAGATAGTGCAGTC-
3´ and 5´-AATCCGGAGCTGGAGAACTCTTGTC-3´. The PCR
products were digested with BstX1 (Boehringer Mannheim). Sam-
ples that did not amplify were subjected to a primary round of uni-
versal amplification by using degenerate oligonucleotide–primed
PCR24 before the specific PCR reaction for MCC alleles. Bands were
separated by electrophoresis on 1.5% agarose TRIS borate EDTA
gels.

IL4R genotyping

Family members were investigated for the polymorphic variant
Arg576Gln caused by an A-to-G single-base substitution. The first-
round PCR used primers 5´-AACCACTGTGCCCCAACCTG-3´
and 5´-GCTGCTTGGGAGATGTGAGC-3´. PCR was performed
by using a touchdown protocol with annealing varying from 65°C
to 55°C over 20 cycles and then 15 cycles at 58°C with 3 mmol/L
MgCl2. Two microliters of the first-round product was added to the
second-round PCR in a final volume of 20 µL. The primers used
were 5´-CCGAAATGTCCTCCAGCATG-3´ and 5´-CCAGTC-
CAAAGGTGAACAAGGGG-3´. The same touchdown protocol
was used with 3 mmol/L MgCl2. The polymorphism does not alter
a restriction enzyme site, and therefore PCR products were
sequenced by using the Thermo Sequenase radiolabeled terminator
cycle sequencing kit (Amersham Pharmacia Biotech).

Linkage

For the regions on chromosome 5 and 11, where either an extend-
ed candidate region exists (Chr 5) or for which no candidate gene vari-
ants were known (Chr 11), the test for linkage was based on sib-pair
allele-sharing methods by using GENEHUNTER, which permits
combined multipoint parametric and nonparametric analyses.25 Sub-
jects were classified as affected if they had atopic eczema with an early
childhood age of onset. Any parents with mild eczema were coded as
unknown. Subjects without eczema were classified as unknown, irre-
spective of the presence or absence of other atopic conditions.

Population allele frequencies for the microsatellites in the link-
age analysis were determined by using founder chromosomes in the
families. The marker order and distance was obtained from the
Genome Data Base (URL http://gdbwww.gdb.org/) and is as fol-
lows: D5S659 – 2.1 cM – D5S404 – 2.6 cM - D5S471 – 6.7 cM -
D5S642 – 1.7 cM - D5S666.

By using existing epidemiologic and twin data as described
below, 3 parametric models for disease segregation were consid-
ered. In the first 2 cases the disease gene was assumed to act reces-
sively, the overall disease frequency to be between 5% and 10%,
and the maximum penetrance to be 0.72 (based on twin studies26).
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The disease-associated allele frequency was set to be either 8%
(model 1) or 25% (model 2), such that the proportion of affected
cases in the population caused by homozygosity for the allele were
10% and 50%, respectively. In the third case the disease was
assumed to act dominantly, with a disease-associated allele fre-
quency of 3.8% (model 3). The proportion of affected cases having
at least 1 copy of the affected allele was 54%. There were no age-
related or sex-specific penetrance effects or liability class designa-
tions. To test the ability of the sample group to exclude a region of
the genome, the EXCLUDE function of GENEHUNTER was used.
The test parameter was λs, and it was varied to enable tests to be
performed for relative risks to siblings from 5 down to 2.

Transmission disequilibrium tests

In the case of the loci on chromosome 14 and 16, candidate vari-
ants of presumed functional importance have been identified. We
sought to determine the relevance of these loci by using a family-
based association method, the transmission disequilibrium test
(TDT).27 Standard TDT analysis is only a valid test of the null
hypothesis of no linkage and no linkage disequilibrium when obser-
vations are independent; that is, only one trio is chosen per pedi-
gree. A single offspring (the proband) was selected, and a standard
TDT was performed.

Power calculations for association tests, such as the TDT, require
substantial assumptions. We used genotype and allele frequency
data from published case-control studies to infer dominance rela-
tionships and to estimate genotype penetrances consistent with
known disease prevalence. We assumed that the variant tested was
the disease locus itself (or in complete linkage disequilibrium with
it). On the basis of these estimated parameters, power was calculat-
ed by using the methods of McGinnis.28

RESULTS

Fifty pedigrees (n = 231 individuals) were analyzed.
All families studied contained at least 2 children with
atopic eczema assessed by a single pediatric allergist. All

members of each nuclear family were genotyped. There
were 131 children (77 boys). Sixty-eight boys and 43
girls had eczema (χ2 = 1.85, P = .096), and 20 sibs did
not have eczema. The median age of onset of eczema in
the index case was 2.0 months (range, 0.3-10 months).
The median serum IgE level was 316 IU (range, 59-
17200 IU). Of the 100 parents, 72 had an atopic disease;
43 had eczema (from mild to severe), and 29 had rhinitis
or asthma without eczema.

Eczema was present in both parents of 3 families, in 1
parent in 28 families (mother in 16), and in neither par-
ent in 19 families. There was no significant difference in
the total number of mothers compared with fathers who
reported a history of atopic eczema (19 vs 15, respec-
tively; χ2 = 0.47, P = .493). In families in which only 1
parent had eczema, again there was no sex bias (16 vs 12;
χ2 = 0.57, P = .45).

The pedigrees were analyzed for excess allele sharing
in affected sib-pairs to loci on chromosomes 5q31 and 42
of the 50 pedigrees (n = 194) for 11q13 by using the
GENEHUNTER multipoint linkage program.25 Fig 1
indicates the position of the candidate genes on 5q31 rel-
ative to the markers used for analysis. Association with
the MCC locus on 14q11.2 and the IL-4 receptor on
16p12 by TDT27 was also examined.

Nonparametric analyses revealed evidence for excess
allele sharing, which peaked at marker D5S404 (maxi-
mum nonparametric linkage [NPL] score = 2.54, P = .006;
Fig 2, A) on chromosome 5q31. By using the parametric
models, the multipoint log of the odds of linkage (LOD)
scores at the same point were 1.83 (model 1), 2.25 (model
2), and –0.86 (model 3; Fig 2, B). No support for linkage
was evident with the region on chromosome 11q13 by
using any of the models (Table I). The EXCLUDE func-
tion of GENEHUNTER was performed; this sample group
had the power to exclude linkage where the relative risk to
siblings (λs) is 2.9 but not for lower values.

We tested 2 genes known to harbor variants of possi-

FIG 1. Chromosome 5q. Map of the relative position of markers
and known genes (shown in italics).

TABLE I. Output file for chromosome 11

LOD LOD LOD

score score score

(model (model (model NPL P Informa-

Position 1) 2) 3) score value tion

–5.00 –0.93 –1.19 –1.45 –0.021 .51 0.469
–4.00 –1.03 –1.30 –1.59 –0.023 .51 0.514
–3.00 –1.14 –1.42 –1.75 –0.025 .51 0.565
–2.00 –1.25 –1.56 –1.93 –0.026 .51 0.624
–1.00 –1.38 –1.70 –2.12 –0.028 .51 0.695
0.00 –1.51 –1.85 –2.34 –0.030 .51 0.793
1.20 –1.48 –1.77 –1.59 0.148 .44 0.714
2.40 –1.48 –1.72 –1.11 0.328 .37 0.681
3.60 –1.49 –1.69 –0.76 0.51 .30 0.675
4.80 –1.53 –1.69 –0.50 0.69 .24 0.693
6.00 –1.59 –1.71 –0.29 0.88 .19 0.753
7.00 –1.45 –1.57 –0.17 0.85 .20 0.663
8.00 –1.32 –1.44 –0.06 0.82 .20 0.598
9.00 –1.19 –1.32 0.02 0.78 .21 0.542

10.00 –1.08 –1.20 0.097 0.75 .22 0.495
11.00 –0.98 –1.10 0.164 0.73 .23 0.452
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ble functional significance for eczema by using family-
based association methods. At the MCC BstX1 polymor-
phism, there was no evidence for excess transmission to
affected offspring when a single eczematous child (the
proband) was analyzed (χ2 = 1, P = .96). There were 48
pedigrees, and assuming a recessive locus, there was
67% power to detect excess transmission at this locus at
a 5% level of significance.28 The second TDT analysis
examined a variant of the IL-4Rα chain. Again there was
no evidence of disequilibrium in our sample of eczema
patients by using a single affected child (χ2 = 1.33, P =
.25). Here, 46 trios were analyzed, and assuming a dom-
inant locus, this cohort had 94% power to detect excess
transmission at this locus (P = .001).

DISCUSSION

Atopy is a common allergic condition affecting 10%
to 20% of the population. We have identified a clinically
homogeneous cohort of patients with atopic eczema to
identify genetic factors predisposing to the development
of atopy. The region of greatest interest is on chromo-
some 5q31, which contains the IL4 cluster of genes. This
area has been previously linked to the level of IgE pro-
duction.1 The maximum P value obtained in the Marsh
study was .002 at D5S399.1 The maximal score obtained
in our study was with the D5S404 marker (P = .006).
This marker is close to the gene cluster that includes the
genes coding for IL-4, IL-5, IL-9, IL-13, interferon reg-

FIG 2. A, 5q output on a line plot; Y-axis gives NPL scores and X-axis gives marker position in centimorgans
with order starting at 0 cM with D5S659 – 2.1 cM – D5S404 – 2.6 cM - D5S471 – 6.7 cM - D5S642 – 1.7cM -
D5S666. B, 5q output for all models on a line plot; Y-axis gives LOD scores, and X-axis gives marker position
and order as above.

A

B
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ulatory factor 1, GM-CSF-2, CSF-1 receptor, and
platelet-derived growth factor receptor (Fig 1).

It has recently been shown that a gain-of-function
mutation in the α-subunit of the IL-4 receptor confers a
high relative risk of atopy on the basis of elevated IgE
levels or specific IgE to one of a number of common
allergens. Although the gene coding for this protein is
located on chromosome 16p12.1, the finding further
implicates the IL-4 pathway in susceptibility to atopy.20

Our studies do not offer evidence of support for the
involvement of the Q576R polymorphism in the IL-4
receptor, but the sample size was small. Twelve other
polymorphic variants exist, 6 of which result in amino
acid changes.29,30 None of these other variants have been
tested in patients with atopic eczema to date.

The lack of evidence for linkage to the region on chro-
mosome 11q13 is consistent with the suggestion that this
region is involved in bronchial hyperreactivity rather than
atopy per se.4 Although many of our subjects did not have
eczema exclusively, the selection criteria meant that asth-
ma was less common in our study compared with other
studies.

Eczema has been previously associated with the BstXI
restriction site in the gene coding for MCC in Japanese
subjects.18 The data from our TDT analysis provides no
evidence for disequilibrium. Alleles of this polymor-
phism in the gene for MCC do not predispose to eczema
in the mixed, mainly white population studied here. This
may be due to differences in predisposing genes between
the Japanese and white populations or to population
stratification in the Japanese study, which we avoid
through the use of TDT.

Early-onset atopic eczema avoids some of the prob-
lems of phenotypic heterogeneity seen with adult asthma.
Our data are consistent with the involvement of the IL
cluster on chromosome 5q, which regulates IgE levels, in
the development of atopy. We propose, first, that there is
1 major locus that causes a general predisposition to atopy
at 5q31. This locus has been identified in our study as in
many others. Second, there are different genes that com-
bine with environmental factors to determine whether
atopy manifests as eczema, asthma, or rhinitis.

We thank the families for their enthusiastic cooperation and
Veronica Collins and Melanie Bahlo for helpful statistical advice.

REFERENCES

1. Marsh DG, Neely JD, Breazeale DR, Ghosh B, Freidhoff LR, Ehrlich-
Kautzky E, et al. Linkage analysis of IL4 and other chromosome 5q31.1
markers and total serum immunoglobulin E concentrations. Science
1994;264:1152-6.

2. Meyers DA, Postma DS, Panhuysen CI, Xu J, Amelung PJ, Levitt RC, et
al. Evidence for a locus regulating total serum IgE levels mapping to
chromosome 5. Genomics 1994;23:464-70.

3. Cookson WO, Young RP, Sandford AJ, Moffatt MF, Shirakawa T, Sharp
PA, et al. Maternal inheritance of atopic IgE responsiveness on chromo-
some 11q [published erratum appears in Lancet 1992 Oct 31;340:1110].
Lancet 1992;340:381-4.

4. van Herwerden L, Harrap SB, Wong ZY, Abramson MJ, Kutin JJ, Forbes
AB, et al. Linkage of high-affinity IgE receptor gene with bronchial
hyperreactivity, even in absence of atopy. Lancet 1995;346:1262-5.

5. Sandford AJ, Shirakawa T, Moffatt MF, Daniels SE, Ra C, Faux JA, et al.

Localisation of atopy and beta subunit of high-affinity IgE receptor (Fc
epsilon RI) on chromosome 11q. Lancet 1993;341:332-4.

6. Daniels SE, Bhattacharrya S, James A, Leaves NI, Young A, Hill MR, et
al. A genome-wide search for quantitative trait loci underlying asthma.
Nature 1996;383:247-50.

7. A genome-wide search for asthma susceptibility loci in ethnically diverse
populations. The Collaborative Study on the Genetics of Asthma
(CSGA). Nat Genet 1997;15:389-92.

8. Hizawa N, Yamaguchi E, Ohe M, Itoh A, Furuya K, Ohnuma N, et al.
Lack of linkage between atopy and locus 11q13. Clin Exp Allergy
1992;22:1065-9.

9. Lympany P, Welsh KI, Cochrane GM, Kemeny DM, Lee TH. Genetic
analysis of the linkage between chromosome 11q and atopy. Clin Exp
Allergy 1992;22:1085-92.

10. Holgate ST. Asthma genetics: waiting to exhale. Nat Genet 1997;15:227-
9.

11. Watson M, Lawrence S, Collins A, Beasley R, Doull I, Begishvili B, et
al. Exclusion from proximal 11q of a common gene with megaphenic
effect on atopy. Ann Hum Genet 1995;59:403-11.

12. Coleman R, Trembath RC, Harper JI. Chromosome 11q13 and atopy
underlying atopic eczema. Lancet 1993;341:1121-2.

13. Lander ES, Schork NJ. Genetic dissection of complex traits. Science
1994;265:2037-48.

14. Saarinen UM, Kajosaari M. Breastfeeding as prophylaxis against atopic
disease: prospective follow-up study until 17 years old. Lancet
1995;346:1065-9.

15. Schultz Larsen F. Atopic dermatitis: a genetic-epidemiologic study in a
population-based twin sample. J Am Acad Dermatol 1993;28:719-23.

16. Roitt I, Brostoff J, Male D. Immunology. 5th ed. St. Louis: Mosby; 1998.
17. Folster-Holst R, Moises HW, Yang L, Fritsch W, Weissenbach J, Christo-

phers E. Linkage between atopy and the IgE high-affinity receptor gene
at 11q13 in atopic dermatitis families. Hum Genet 1998;102:236-9.

18. Mao XQ, Shirakawa T, Yoshikawa T, Yoshikawa K, Kawai M, Sasaki S,
et al. Association between genetic variants of mast-cell chymase and
eczema [published erratum appears in Lancet 1997;349:64]. Lancet
1996;348:581-3.

19. Kawashima T, Noguchi E, Arinami T, Yamakawa-Kobayashi K, Naka-
gawa H, Otsuka F, et al. Linkage and association of an interleukin 4 gene
polymorphism with atopic dermatitis in Japanese families. J Med Genet
1998;35:502-4.

20. Hershey GK, Friedrich MF, Esswein LA, Thomas ML, Chatila TA. The
association of atopy with a gain-of-function mutation in the alpha subunit
of the interleukin-4 receptor. N Engl J Med 1997;337:1720-5.

21. Leung DY. Atopic dermatitis: the skin as a window into the pathogenesis
of chronic allergic diseases. J Allergy Clin Immunol 1995;96:302-19.

22. Hanifin J, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm
Venereol 1980;29(Suppl):44-9.

23. Lench N, Stanier P, Williamson R. Simple non-invasive method to obtain
DNA for gene analysis. Lancet 1988;1:1356-8.

24. Telenius H, Carter NP, Bebb CE, Nordenskjold M, Ponder BA, Tunna-
cliffe A. Degenerate oligonucleotide-primed PCR: general amplification
of target DNA by a single degenerate primer. Genomics 1992;13:718-25.

25. Kruglyak L, Daly MJ, Reeve-Daly MP, Lander ES. Parametric and non-
parametric linkage analysis: a unified multipoint approach. Am J Hum
Genet 1996;58:1347-63.

26. Larsen FS, Holm NV, Henningsen K. Atopic dermatitis. A genetic-epi-
demiologic study in a population-based twin sample. J Am Acad Derma-
tol 1986;15:487-94.

27. Spielman RS, McGinnis RE, Ewens WJ. Transmission test for linkage
disequilibrium: the insulin gene region and insulin-dependent diabetes
mellitus (IDDM). Am J Hum Genet 1993;52:506-16.

28. McGinnis RE. Hidden linkage: a comparison of the affected sib pair
(ASP) test and transmission/disequilibrium test (TDT). Ann Hum Genet
1998;62(Suppl):159-79.

29. Kruse S, Japha T, Tedner M, Sparholt SH, Forster J, Kuehr J, et al. The
polymorphisms S503P and Q576R in the interleukin-4 receptor alpha
gene are associated with atopy and influence the signal transduction.
Immunology 1999;96:365-71.

30. Deichmann K, Bardutzky J, Forster J, Heinzmann A, Kuehr J. Common
polymorphisms in the coding part of the IL4-receptor gene. Biochem
Biophys Res Commun 1997;231:696-7.


