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Linkage analysis of infantile pyloric stenosis and
markers from chromosome 9q1 1-q33: no
evidence for a major gene in this candidate
region

E Chung, R Coffey, K Parker, P Tam, M E Pembrey, R M Gardiner

Abstract
A genetic component in the aetiology of
infantile pyloric stenosis (PS) is well
established. Segregation analysis is com-
patible with a multifactorial sex modi-
fied threshold model of inheritance but a
major gene of low penetrance has not
been excluded. PS has been reported to
occur in 57% (four of seven) of cases with
duplication of chromosome 9qI1-q33.
Twenty families with PS were studied
using genetic markers at loci D9S55,
D9S111, D9S15, D9S12, D9S56, D9S59,
and ASS from this region of chromo-
some 9. Pairwise lod scores of -2 were
obtained with all these markers at
recombination fractions greater or equal
to 004 under both autosomal dominant
and autosomal recessive models of in-
heritance. This provides evidence against
the existence of a major locus predispos-
ing to PS within chromosome 9qI1-q33.
(J Med Genet 1993;30:393-5)

association of PS and duplication of chromo-
some 9qll-q33.1'15 PS was reported to occur
in four of seven (57%) of the cases with this
duplication.'6 Association of a phenotype with
chromosomal duplication can be a guide to the
location of causative gene loci, as illustrated by
the identification of a locus for familial Alz-
heimer's disease on chromosome 21.1718 Chro-
mosome 9 is therefore a candidate region for
the location of a gene predisposing to PS.
The existence of a comprehensive high reso-

lution map of the human genome has rendered
disease with complex inheritance amenable to
linkage analysis. Following ascertainment of a
suitable family resource, we are undertaking a
systematic genome search to identify any
major gene predisposing to PS by linkage
analysis. The strategy involves analysis of can-
didate regions such as chromosome 9q in the
first instance. We present the results of linkage
analysis of 20 families and seven markers from
this region of chromosome 9.
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Infantile pyloric stenosis (PS) is the commonest
condition requiring surgical intervention in the
first year of life. Its incidence is estimated to be
1 to 5/1000 live births in Britain.'2 Mortality
was high until successful treatment by pyloro-
myotomy was developed by Rammstedt in
1911. Clinically it is characterised by projectile
vomiting, visible gastric peristalsis, and a pal-
pable pyloric tumour. Diagnosis is usually
made clinically, supported on occasion by ex-
amination with ultrasound or barium contrast.
The aetiology of PS is entirely unknown

though both genetic and environmental factors
have been implicated. Its familial incidence
was first reported by Cockayne and Penrose.34
This has been confirmed by subsequent family
studies2 7 but the exact inheritance mechan-
ism has not been accurately defined.4 7-9
Segregation analysis is best explained by a
multifactorial sex modified threshold model of
inheritance,""0 but it is compatible with a
single major dominant gene of low penetrance
with a multifactorial background.8"'2 The
nature of the environmental factors concerned
has remained unclear.
PS has been described in association with

Smith-Lemli-Opitz syndrome and various
chromosomal disorders, including Edwards's
syndrome (trisomy 18), Down's syndrome
(trisomy 21), and Turner's syndrome (XO).
Chromosome 9 is suspected as a possible loca-
tion of a PS locus because of the reported

Materials and methods
FAMILIES
Twenty families with multiple members affec-
ted with PS were ascertained from a variety of
sources, including families of probands identi-
fied in previous studies such as those of
Carter.8 Blood was obtained for DNA studies
from 207 family members, 65 of whom were
affected (46 males, 19 females). At least three
affected subjects existed in 13 of the 20 families
(figure). Diagnosis of PS was made according
to standard criteria. It was confirmed at lapar-
otomy in all but five of the affected subjects;
these five were treated medically. One was
diagnosed clinically and confirmed by barium
studies. The other four were diagnosed on
clinical examination alone. They belong to
family 7 in which there are a total of five
affected subjects in over two generations.

DNA STUDIES
Genomic DNA was extracted from leucocytes
using a salt precipitation technique."' Family
members were phenotyped at (CA)L repeat
microsatellite marker loci on human chromo-
some 9: D9S55, D9SJ11, D9S15, D9S12,
D9S56, D9S59, and ASS. Alleles at these loci
were amplified using the polymerase chain
reaction (PCR). Products were separated by
6% polyacrylamide gel electrophoresis and
detected by autoradiography.20
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Pedigrees segregating for PS studied with markers on chromosome 9.

Seven markers on chromosome 9 were ex-

amined for linkage. The map used in the
chromosome 9 analysis was from Povey et

a121 22 and Kwiatkowski et al.23

LINKAGE ANALYSIS

The MLINK subprogram of the LINKAGE
(version 5 03) computer package was used to

carry out the linkage analysis. Pairwise lod
scores were calculated under two models of
inheritance. The disease allele frequency was

set equal to 0 002 for the autosomal dominant
(AD) model and 0 05 for the autosomal reces-

sive (AR) model. For both models, a phenocopy
rate of 0-002 and sex specific penetrance values
of 0 60 for male and 0-15 for female were used.
The data were analysed by using only affec-

ted subjects (that is, at risk family and married
in family members were coded as unknown with
respect to PS disease status) in the analysis. This
eliminated any phenotypic information contri-
buted by these subjects whose genotype with
respect to PS was uncertain, but it maintained
their genetic marker data for reconstructive
and phase information.

Evidence of heterogeneity was sought by the
Admixture test using the HOMOG program.24

Results
Pairwise lod scores between the PS trait and
the seven marker loci are shown in the table.
The recombination fractions at which lod
score = - 2 are also shown. Family 8 was unin-
formative for all the seven markers and family
7 and 20 were uninformative for locus D9S59.
The pairwise lod score was -2 at 0 greater

or equal to 0 04 for all marker loci. Our data
provide evidence against the existence of a
major locus predisposing to IHPS over the
whole region from D9S55 (9pl2) to ASS
(9q34. 1) for the AD model. For the AR model,
the area of exclusion did not include regions of
5 cM between loci D9S56 and D9S59 and
between loci D9S59 and ASS.

Results of the HOMOG analysis showed no
evidence of heterogeneity (data not shown).

Discussion
The genetic basis of PS has been extensively
investigated since its familial occurrence was
first reported by Cockayne and Penrose34 over 50
years ago. A genetic contribution to its aetio-
logy has been firmly established, but neither
the exact mechanism of inheritance nor the
gene products involved have been elucidated.
New methods for the investigation of inher-

ited diseases known only by their phenotype,
so called linkage analysis and 'positional clon-
ing' strategies, have allowed major advances in
our understanding of single gene disorders
such as cystic fibrosis and Duchenne muscular
dystrophy. However, most common familial
human diseases, including PS, show complex
inheritance. Application of linkage analysis to
these complex traits raises numerous difficult-
ies which have been widely discussed.2425

Several features of PS render it potentially
more tractable to linkage analysis than other
diseases with complex inheritance. The con-
dition is clinically homogeneous with a simple
well defined phenotype and diagnosis of affec-
ted subjects at operation is unequivocal. This
reduces the risk of genetic heterogeneity and
misdiagnosis. Ascertainment of a substantial
family resource is facilitated by the high inci-
dence, early presentation, and non-lethal nature
of PS. By studying such high density families,
in which there are mostly three or more affected
subjects over several generations, it can be
anticipated that the incidence of phenocopies is
reduced and there is enrichment for cases with a
major genetic contribution to aetiology.

Linkage analysis has been carried out using
the lod score method. In the absence of defin-
itive data from segregation analysis, arbitrary
assumptions are necessary concerning inherit-
ance parameters such as mode of inheritance,
penetrance, and phenocopy rate. The most im-
portant assumption concerns the segregation of
a locus with a major effect on the phenotype.
Segregation analysis is compatible with a single
major dominant gene of low penetrance. If
inheritance is truly polygenic, it is unlikely that
linkage to an individual locus can be detected.

Values for penetrance and phenocopy rate
significantly affect the results of linkage analy-
sis. If an adequate degree of incomplete pene-
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Linkage analysis of infantile pyloric stenosis and markers from chromosome 9ql 1-q33

Pairwise lod scores between the PS trait and chromosome 9 marker loci. Penetrance 0 60 for male, 0 15 for female.
A, autosomal dominant model of inheritance. B, autosomal recessive model of inheritance.

Lod score at recombination fraction of:

Marker 0 00 0 05 0 10 0 20 0 30 0 40 0 at
locus lod= -2

A PS-D9S55 -12 015 -4 300 -2-001 -0 285 0 144 0 175 0 10
PS-D9SI11 -12 406 -4 836 -2 501 -0 661 -0-092 0-051 0 11
PS-D9S15 -9-246 -3 230 -1 313 0 093 0 380 0 267 007
PS-D9S12 -9-895 -3 365 -1-335 0 146 0 413 0 266 0-07
PS-D9S56 -9-320 -3 614 -1 502 0 077 0 379 0 255 0-08
PS-D9S59 -10 307 -4 687 -2-625 -0 751 -0 053 0 127 0 11
PS-ASS -11-803 - 4 385 - 1839 0-025 0-378 0.237 0 09

B PS-D9S55 -4-267 -1 778 -0-562 0 331 0 364 0 151 0-04
PS-D9SII1 -3 701 -1 768 -0 729 0 185 0 312 0 135 0-04
PS-D9S15 -6 001 -3-630 -2 249 -0 813 -0 234 -0 038 0 11
PS-D9S12 -5-509 -2 819 - 1461 -0 255 0-070 0.063 0 07
PS-D9S56 -5-354 - 2 866 - 1 559 -0 347 0-016 0 047 0 07
PS-D9S59 -5-504 -3-133 -1-907 -0 652 -0 138 0 026 0 09
PS-ASS -4 054 -2 045 -1 011 -0 047 0 198 0.141 0 05

trance is not built into the model of analysis,
true linkage may be missed because apparently
unaffected subjects will appear to be recombi-
nants.25 Computer simulation experiments
have shown that the source of the reduction in
penetrance, that is, effects from other genes or
environmental factors, has little influence on
the outcome of linkage analysis.2627 By exclud-
ing unaffected subjects and setting the pene-
trance at an arbitrary low value, we have
reduced the risk of missing a true linkage.
Despite this stringent approach our available
family resource retains substantial power. Ap-
plication of SLINK analysis to these 20 fami-
lies generated average lod scores of + 4 95 and
+ 2*19 at 0 = 0.20 for the AD and AR models
respectively.
The risk of locus heterogeneity obscuring

linkage in a subset of families is present in any
study which involves pooling data from more
than one kindred. This risk can be reduced by
confining the study to a homogeneous pheno-
type, but can never be eliminated even in men-
delian disorders. HOMOG analysis did not
show any significant heterogeneity in our fami-
lies but of course a larger collection of families
will be necessary to detect heterogeneity.
The reported association between PS and

duplication of chromosome 9ql 1-q33 directed
our initial attention to this region. Our data
provide evidence against the existence of a

major locus predisposing to PS within the
region of chromosome 9q1 1-q33 under the
specified models of inheritance. Exclusion data
in linkage analysis of a complex disease trait
must of course be interpreted with caution.
However, it seems reasonable to adopt a prag-
matic approach during any initial genome
search, and to make more rigorous assump-
tions, such as very low penetrance, if a positive
linkage does not emerge.
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