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Abstract
Alagille syndrome (AGS) has been assigned to 20p 11.23- 
20pl2.2 according to minimum overlap between deletions 
observed on the chromosome 20 short arm of 9 patients. We 
report here the localisation of 5 microsatellite markers 
(D20S41, D20S48, D20S50, D20S56, and D20S58) within the 
deletion of one AGS patient. This study allows an estimation 
of the genetic extent of this deletion as being between 30 and 
36 cM, and demonstrates its paternal origin. The search for 
submicroscopic deletions in 23 AGS patients, by typing these 
5 markers, failed to reveal allelic loss. However, these results 
lead to the proposition that the AGS locus lies in one of the 
seven intervals defined by the six microsatellite markers in the 
region flanked by D20S5 and D20S18.
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been assigned to 20pl 1.23-20pl2.2 by a series 
of observations of AGS patients with 20p 
deletions (fig. 1) [see ref. 3 for a review].

The hypothesis that AGS is due to deletion 
involving contiguous genes would account for 
the variable phenotypic expression and the 
complexity of this disorder [5-7], This led to 
the suggestion that cytogenetically normal pa
tients have a submicroscopic deletion [6], as 
has been demonstrated for deletion-related

Introduction

Alagille syndrome (AGS; MIM 118450) is 
a complex malformative disorder character
ised by five main features: a paucity of intra- 
hepatic bile ducts, peripheral pulmonary ar
tery stenosis, butterfly-like vertebrae, posteri
or embryotoxon, and peculiar facies [1]. This 
disorder, inherited as an autosomal dominant 
trait with quasi-complete penetrance [2], has
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Fig. 1. Genetic and physical map of the AGS region of the short arm of chromosome 20 
and a schematic representation of the smallest region of overlap (SRO) on a chromosome 20 
R-banded idiogram. A The SRO was defined on cytogenetics grounds according to previous 
reports of 9 deletions. The deletions are numbered from 1 to 9 [for del 1-5,8 and 9, ref. 3; for 
del 6, ref. 5; for del 7, ref. 11]. B The genetic map is connected to a chromosome 20 idiogram 
by the physical localisation of the RFLP markers. This map, established according to a pre
vious report [4], is scaled in centimorgans (cM) using the Haldane mapping function. The 
markers located outside the deletion studied (del 6) are boxed.

diseases such as the DiGeorge syndrome [8], 
the WAGR contiguous gene syndrome [9], 
and also in the monogenic Miller-Dieker syn
drome [10]. The search for submicroscopic 
deletions is a valuable approach to circum
scribe the AGS region.

The 20pll.23-20pl2.3 deletion detected 
in one of our AGS patients [5], one of the 
smallest deletions observed, can be used to 
characterise the smallest region of overlap 
(SRO) of the cytogenetically described dele
tions (fig. 1). Three RFLP markers (D20S5, 
D20S6, and D20S18) map within this dele
tion [5], No deletions were found in AGS 
patients analysed with fluorescent in situ hy

bridisation of the cosmid probe D20S6 [6], 
Taking into account the conservation of 
D20S5 and D20S18 in the DNA of AGS 
patients presenting 20p deletions, they are 
therefore not adequate markers for further 
screening [11; I. Hansmann, pers. commun.].

Microsatellites are informative tools to 
search for allelic loss in genotyping studies. 
We used nine microsatellites, D20S40, 
D20S41, D20S42, D20S45, D20S48,
D20S50, D20S56, D20S58, and D20S59, 
mapped on the chromosome 20 short arm [4] 
and spanning the region flanked by D20S5 
and D20S18 (fig. 1), in a genotyping study in 
the families of 23 patients.
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Table 1. Results of typing family AGSN1 at nine loci localised to chromosome 20

D20S59 D20S41 D20S56 D20S50 D20S58 D20S48 D20S40 D20S42 D20S45

1/2 2/2 1/4 1/3 2/2 2/2Mother
Proband
Father
Sister
Brother

2/3 1/3 1/1
4/0 3/3 1/21/3 1/0 1/1 2/2 2/0 1/2

1/2 2/3 1/2 2/2 2/3 2/3 1/2 1/21/1
1/2 2/2 1/2 2/4 1/3 2/2 2/21/3 1/2

3/3 2/22/3 1/2 1/2 2/2 1/2 1/2 2/2

These markers are listed according to their map order (tel-D20S59->D20S45-cen). The hemizygous geno
types of the proband are indicated in italics.

deletion. D20S41, D20S58, and D20S48 were 
deleted as shown by the lack of paternal alleles 
in the proband. The genotypes of D20S59, 
D20S42, and D20S45 were heterozygous in 
the proband, indicating that they map outside 
the deletion (fig. 2). The genotypes of D20S56 
and D20S50 in the proband could be inter
preted as being either homo- or hemizygous. 
D20S56 and D20S50, mapped between 
D20S41 and D20S48 [4], were therefore as
sumed to be deleted. The situation of D20S40 
remains unclear, as it is not easy to determine 
allele dose by this technique and, therefore, a 
homozygous individual cannot be distin
guished from a hemizygote.

This study provided physical data which 
allowed a precise genetic mapping of the AGS 
region. The retention of D20S42 and the dele
tion of D20S18 allowed us to map D20S18 
distal to D20S42. From these results, the 
maximal and the minimal genetic extents of 
this deletion can be determined as 36cM be
tween D20S59 and D20S42 and 30 cM be
tween D20S5 and D20S18, respectively. Fi
nally, these results demonstrated the paternal 
origin of the deletion.

Material and Methods
Patients and Families
Clinical data of the deleted proband and his family 

(AGSN1) have been published previously [5]. Among 
the 22 other families studied, 21 were ascertained 
through an affected child and one (AGSG2) via two 
affected children. Clinical data on the 23 probands and 
family investigations were reported previously [2], All 
patients presented with at least four main features 
including paucity or stenosis. All the patients had a 
chromosome analysis; none of them exhibited 20p 
deletions.

Genotyping
Allele determination was performed by the poly

merase chain reaction using primers described pre
viously [4]; electrophoresis, transfer and hybridisation 
were according to Hazan et al. [12].

Results

Determination of the Genotypes in the 
Family of the Deleted Proband 
The nine microsatellites were localised on 

a genetic map with reference to D20S5, 
D20S6, and D20S18 (table 1). However, the 
RFLP markers were not precisely mapped 
(support interval of the maximum likelihood 
location 100:1) [4]. These 9 markers were 
typed in the AGSN1 family (table 1) in order 
to precisely localise them with respect to the

Screening of Microdeletions 
Each of the 67 individuals from the 22 

families was typed with the 9 microsatellite
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Discussion

? ? Only three molecular studies of AGS have 
been reported [5, 6, 11]. We report here the 
molecular study of an AGS deletion using 9 
microsatellite markers and three RFLP mark
ers, to genetically map it more precisely. 
D20S59 and D20S42 are the distal and proxi
mal non-deleted extremities, respectively. 
D20S5, D20S6, D20S18, D20S41, D20S48, 
D20S50, D20S56, and D20S58 are located 
within the deleted region. Taking into account 
the exclusion of D20S5 and D20S18 from 
inside the SRO, its maximal genetic extent 
can be estimated to be 30 cM between these 
two markers.

None of the typed microsatellites was de
leted from the DNA of all the AGS patients, 
indicating that none of these markers was part 
of the minimal deletion causing AGS. Pre
sumably, the minimal deletion maps between 
two of these microsatellites. These results al
lowed us to propose 7 candidate intervals (de
fined by the six microsatellite markers in the 
region flanked by D20S5 and D20S18) for the 
mapping of the AGS locus. D20S6, previously 
designated a ‘reference marker’ for chromo
some 20, was no longer considered because of 
observed intralocus recombination [13].

Several other microsatellites have recently 
been located on the short arm of chromosome 
20 [14]. The mapping of these markers, with 
respect to those we studied, will facilitate the 
identification of the AGS locus.
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Fig. 2. Autoradiogram illustrating two microsatel
lites, D20S58 (a) and D20S59 (b) amplified in the 
family AGSN1. The numbers below the autoradio
grams represent the genotype of the individuals. The 
loss of the paternal allele 1 in the deleted proband indi
cates that D20S58 maps within the deletion. The het
erozygote genotype obtained with D20S59 in the de
leted proband (b) confirms its position outside the 
deletion.

markers. The genotypes of the 23 AGS pa
tients were either heterozygous or compatible 
with a homozygous status. Thus, because of 
the unreliability of allelic dosage, this analysis 
failed to reveal allelic loss. None of the five 
markers mapped within the deletion of our 
AGS patient (D20S41, D20S48, D20S50, 
D20S56, and D20S58) were homozygous in 
all the other AGS patients. The heterozygous 
genotype of these five markers allowed their 
exclusion from a submicroscopic deletion in 
at least 50% of AGS patients (table 2).
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Table 2. Results of typing the five deleted microsatellite markers in 23 AGS patients and their parents

Microsatellite markersMicrosatellite markers FamilyFamily

D20S41 D20S56 D20S50 D20S58 D20S48 D20S41 D20S56 D20S50 D20S58 D20S48

AGSR21 2/3 
AGSR23 2/2 
AGSR22 1/2

1/1 3/4 2/3 1/2AGSB11 na 
AGSB13 1/1 
AGSB12 1/1

na nana na
2/3 1/2 1/4 3/3 2/41/1 1/3 1/1
1/2 1/2 1/2 1/3 3/41/2 1/2 1/1

2/3 AGSM31 2/2 
AGSM33 2/2 
AGSM32 1/2

1/3 2/2 1/3AGSF11 1/2 
AGSF13 2/3 
AGSF12 1/3

1/2 1/2 1/2 na
2/2 1/2 2/3 2/2 1/21/2 1/1 na
2/2 1/1 1/2 1/2 2/41/1 1/1 na

3/3 1/2 2/2 2/3 AGSR11 1/2 
AGSR13 2/3 
AGSR12 2/3

2/3 1/2 2/2 1/2AGSG11 1/2 
AGSG13 1/2 
AGSG12 na

2/3 1/3 1/2 2/32/3 1/2 2/2 1/1
1/2 1/2 1/1 1/1 1/2 2/31/2 na

AGSZ11 1/3 
AGSZ13 1/3 
AGSZ12 1/2

1/2 1/32/2 1/2 1/2 2/4 4/4 3/4AGSG31 1/1 
AGSG33 1/2 
AGSG32 2/2

2/2 1/3 2/41/2 1/3 1/3 2/3 2/4
3/3 1/3 2/3 2/3 2/3 2/33/41/1

AGSH11 1/2 
AGSH13 1/1 
AGSH12 1/3

1/2 2/3 2/3 2/3 1/2 1/1 1/1 3/3AGSK11 1/2 
AGSK13 2/2 
AGSK12 1/2

2/2 1/1 1/2 1/1 2/31/2 3/4 3/3
1/3 1/2 1/2 1/2 1/1 1/21/2 1/4

2/3 AGSM41 1/2 
AGSM43 2/3 
AGSM42 3/3

2/4 2/3 2/3 2/3AGSL11 2/3 
AGSL13 3/3 
AGSL12 1/3

1/3 1/3 1/1
1/2 1/23/3 3/3 1/4 2/21/1 1/1

1/3 1/31/2 2/3 1/2 1/3 1/1 1/2

1/2 1/2 AGSD11 1/2 
AGSD13 1/3 
AGSD12 2/3

2/3 2/3 1/4 1/2AGSL21 2/3 
AGSL23 3/3 
AGSL22 1/3

2/31/1
2/3 2/4 1/3 1/3 2/21/2 2/3 1/1

2/31/2 1/2 3/4 1/4 1/4 1/22/3

2/3 AGSB21 1/2 
AGSB23 1/2 
AGSB22 1/1

1/2 1/2 4/4 1/2AGSL31 1/3 
AGSL33 2/3 
AGSL32 1/2

1/2 1/11/1
1/2 2/41/2 1/1 2/2 1/2 2/21/2

1/2 2/2 2/3 2/32/3 1/1 1/21/1

AGSM11 2/3 
AGSM13 2/3 
AGSM12 1/3

1/2 2/2 3/31/2 1/2 1/1 1/1AGSL41 3/3 
AGSL43 2/3 
AGSL42 1/2

1/4
2/3 1/1 1/2 2/2 1/3 1/13/4 1/2

2/2 1/2 1/22/3 2/2 2/3 1/2 1/1

3/3AGSB31 1/3 
AGSB33 3/3 
AGSB32 2/3

1/1 2/2 1/21/2 1/2 1/1AGSM21
AGSM23
AGSM22

nana
1/2 1/3 1/1 1/2 1/32/21/1 nana
2/3 1/2 1/1 2/2 3/31/2 2/2na na

AGSG21 3/3 
AGSG23 1/3 
AGSG24 2/3 
AGSG22 1/2

1/21/3 1/2 1/1 1/1 1/1 3/4AGSP11 1/1 
AGSP13 1/1 
AGSP12 1/1

1/1
2/2 1/3 1/1 1/2 1/2 1/31/3 2/3

1/1 1/3 1/2 2/32/3 2/2 2/32/3
2/3 2/2 1/21/1

Individuals are listed as follows: the last number of each family code indicates the father ( 1 ), the mother (2), and their affected 
children (3 and 4). Alleles are coded 1, 2, 3 or 4. Homozygous genotypes in AGS patients are indicated in italics. The heterozygous 
genotype of the AGSB33 patient for D20S58 is interpreted as the result of a neomutation in one parental allele, na = Not 
amplified.
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