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Interstitial chromosomal deletions at 22q11.2 and
7011.23 are detected in the vast majority of patients
affected by CATCH 22 syndromes and the
Williams—Beuren syndrome, respectively. In a group of
15 Williams—Beuren patients, we have shown previously
that a large number of 7g11.23 deletions occur in
association with an interchromosomal rearrangement,
indicative of an unequal crossing-over event between
the two homologous chromosomes 7. In this study, we
show that a similar mechanism also underlies the
formation of the 22qg11.2 deletions associated with
CATCH 22. In eight out of 10 families with a proband
affected by CATCH 22, we were able to show that a
meiotic recombination had occurred at the critical
deleted region based on segregation analysis of
grandparental haplotypes. The incidences of crossovers
observed between the closest informative markers,
proximal and distal to the deletion, were compared with
the expected recombination frequencies between the
markers. A significant number of recombination events
occur at the breakpoint of deletions in CATCH 22 patients
(P = 2.99x1077). The segregation analysis of haplotypes
in three-generation families was also performed on an
extended number of Williams—Beuren cases (22 cases in
all). The statistically significant occurrence of meiotic
crossovers (P =4.45x1079) further supports the previous
findings. Thus, unequal meiotic crossover events appear
to play a relevant role in the formation of the two
interstitial deletions. The recurrence risk for healthy
parents in cases where such meiotic recombinations can
be demonstrated is probably negligible. Such a finding
is in agreement with the predominantly sporadic
occurrence of the 22q11.2 and 7g11.23 deletions. No
parent-of-origin bias was observed in the two groups of
patients with regard to the origin of the deletion and to

the occurrence of inter- versus intrachromosomal
rearrangements.

INTRODUCTION

A number of human diseases are characterized by non-random
interstitial deletions, the breakpoints of which appear to occur at
‘hot-spot’ regions 1). This study deals with two diseases usually
associated with deletions occurring in proximity to the centro-
mere: the CATCH 22 syndrome®) @ssociated with a deletion
affecting chromosome band 22q11.2 and the Williams—Beuren
syndrome (WBS) 3,4) associated with a deletion affecting
7q11.23.

CATCH 22 encompasses a group of related syndromes; the
acronym summarizes the major clinical manifestations character-
istically detected in the patients, namely cardiac defects, abnor-
mal facies, cleft palate and hypocalcaemia in early infancy due to
hypoplasia or aplasia of the parathyroid glands. The group of
disorders include the DiGeorge syndrome, the velo-cardio-facial
syndrome, and some forms of conotruncal cardiac defects. The
vast majority of patients have a common 1.5 Mb deletion on
chromosome 22g11.25,6). WBS is a neurodevelopmental
disorder characterized by distinctive facial features, growth and
mental retardation, hypercalcaemia in infancy and a very friendly
outgoing personality. The syndrome is usually associated with a
deletion spanning2 Mb of chromosome band 7q11.233).

A high phenotypic variability is observed in CATCH 22 and
WBS. The variability in both the clinical manifestations of certain
features and their severity is not easily correlated with the length
of the deletions. lllustrative of this phenomenon are discordant
phenotypes manifested at times in monozygotic tv#rsd) and
in familial casesf,13). The variability in expression of the two
diseases, together with the prevalence of consistent deletions, are
indicative of contiguous gene defects. The rare cases where much
smaller deletions or translocations have been detected have
provided valuable information regarding the minimal critical
regions within the ‘common’ deletions. Critical regions have
been defined in CATCH 22: a 250 kb region in the proximal
region of the ‘common’ deletion and the recently described
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Table 1.Probands affected by CATCH 22

patients sex and parental ages at | parental origin clinical diagnosis® major clinical features®
age (years) | birth of the deletion
(mother/father) 1: cardiac anomalies

2: thymic hypoplasia
3: craniofacial dysmorphism
4: cleft palate

S: hypocalcemia
1 22¢-14 |FF, 8 47/47 maternal VCFS (both twins) 1,3, 4
2 2628 M3 35/35 patemal DGS 23,5
3 22¢-55 |F 2 35/30 patemnal DGS 1,25
4 22¢-83 |F 2 "33 maternal DGS 1,2
5 22q-100 | M, 8 35128 maternal VCFS 1,3
6 22¢-112 | M, 6 18/24 paternal VCFS 1, 3,4
7 22¢-120 |F, 6 28/32 paternal VCFS 1,3
8 22¢-156 |F, 12 27128 paternal VCFS 1,2,3
9 22¢-177 | M, 1 32/33 maternal VCFS 1,2,3
1022¢-196 | F, 2 mths | 38/38 paternal VCFS 1,3

IMonozygous twins.
2yCFS, velo-cardio facial syndrome; DGS, DiGeorge syndrome.
3Major clinical features as reported by the physicians.

critical regions at distal positions,{4-16). The minimal critical In this study, we are able to show that a high level of
region in WBS i€B00 kb in length17). The characterization of interchromosomal rearrangements also occurs in patients with the
a number of genes mapping to the critical regions has be@2gl11.2 deletion associated with CATCH 22. Of the 10 families
reported recentlyl(/—25). Strong candidate genes in the CATCHincluded in this study, eight showed a meiotic crossover at the
22 diseases are, for example, li@Slgene 20), theGSCLgene  critical region. Furthermore, no correlation could be found in
(21), theUFD1L gene 25) and theTBX1gene {9), to name just  either CATCH 22 or WBS between the size of the deletions and
a few of the >12 genes shown to map to the DiGeorge critic#ie inter- versus intrachromosomal recombinations.

regions. Regarding WBS, many features of the disease can be

explained by haploinsufficiency of the elastin gene. Other

features, such as mental retardation, can be explained by furtfRESULTS

genes mapping to the common deletion, including the recently

described.IM-kinase 1gene (8), theWSCRIgene, theRFC2  Parental origin of the deletions

gene and th8TX1Agene £6,27).

The 22q11 and 7q11.23 deletions usually occur sporadicallyjicrosatellite markers mapping to the deleted regions were used
with an incidence ofl1/10 000 and 1/20 000 live births, in order to determine the parental origin of the affected
respectively £8,29). Familial cases are inherited in an autosomathromosome. Tablelsand2 summarize the results obtained for
dominant manner. The 22q11.2 deletion is detecteéB5790%  the 11 probands with CATCH 22 (the probands in family 1 are
of clinically diagnosed CATCH 22 patient) (In [75% of cases, monozygous twins), and the 22 probands with WBS, respective-
the maternal allele is affecte@(j. Regarding WBS, the vast ly. The parental origin of the deletions is indicated as well as the
majority of clinically diagnosed patients, and probably all typicamajor clinical features. Of the 10 CATCH 22 families, four had
WBS cases, have a deletion affecting 7q112Z8 No significant  a deletion affecting the maternal chromosome (40%), and six the
statistical difference is detected in the parental origin of thpaternal chromosome. Of the 22 WBS probands, 11 showed a
deletion, which has been reported to be only slightly biased maternal origin (50%) and 11 a paternal origin of the deletion.
favour of maternally derived deletions31). Possible parent-of-
origin effects on the phenotype have been proposed in a recent
study by Pérez Juradd al (7). In their group of patients, the Haplotype determination at positions flanking the deletions
authors observed more severe forms of growth retardation and
microcephaly in association with maternal deletiaf)s ( The occurrence of a meiotic crossover at the critical region was

The aim of this work was to gain information on thejnvestigated by analysing the segregation of grandparental
mechanisms of formation of interstitial deletions. In recenhaplotypes at positions flanking the deletion breakpoints. Grand-
publications $1,32), it was shown that unequal meiotic crossovemparental blood samples were collected according to the parental
events occur frequently in WBS. Dutly and Schin2&) 6howed  origin of the deletions. Several markers mapping to either side of
that an unequal meiotic recombination occurred at the deletiahe deletions were analysed in the three-generation families.
site in 10 out of 15 probands affected by WBS. The group of WBBlarkers located at positions possibly included in the deletions
cases was extended to 22 families in this study; significamtere considered only if two distinguishable alleles were detected
statistical values are obtained for increased levels of recombina-the proband. The markers closest to the deletion breakpoints
tion at the critical region, thus consolidating the results of thevhich were informative as to the grandparental origin of the allele
previous report. A high level of meiotic recombinations was alstransmitted to the proband are summarized in T&#des4. The
reported to occur at the critical Prader—Willi (PWS)/Angelmargrandparental origin of the proximal and distal positions are
syndrome (AS) deletion regioJ). indicated for each patient.
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Table 2. Probands affected by WBS

patient sex and age parental ages at birth | parental origin of the |major clinical features
(years) (mother/father) deletion
1: SVAS
2: PS
3: dysmorphic facial feature
4: hypercalcemia
5: hoarse voice
6: outgoing personality
11WBS3*° |M,?27 31/32 paternal 3,56
12WBS5*°  |M,9 35/36 maternal 1,3,4,5¢6
13WBS9*° |F, 12 24/25 maternal 3,4,6
14 WBS34*° |F, 7 21/31 paternal 3,5, (6)
15WBS35*° |F, 6 27/31 maternal 2,3,56
16 WBS38*° |M, 6 2326 paternal 1,356
17WBS41*° IM, S 29/31 paternal 2,3,6
18 WBS52*° |M, 4 32/32 paternal 1,3,4,56
19WBS63 *° |M, 8 18/26 paternal 1,2,3,56
20WBS70 *° |F, 16 26131 maternal 3,56
21 WBS72° M, S 20/24 maternal 1,2,3,6
22WBS76*° |M, 4 25128 patemal 1,2356
23 WBS81* M, 11 29/32 maternal 1,356
24 WBS82* M, 5 31/31 maternal 1,2,3,456
25 WBS84 * M, 8 n maternal mild aortic stenosis, 3, 5, 6
26 WBS92 F, 6 m maternal 3,56
27 WBS101* |M, 2 32/35 maternal 1,2,3,56
28 WBS102 F, 13 23124 paternal 3,56
29 WBS112 M, 7 m maternal 3,4,56
30 WBS115 M, 6 %23 paternal 1,2,3,56
31 WBS137 F 4 25127 paternal 1,2,3,56
32 WBS140 M, 5 n paternal 5, (6)

1The major clinical findings as reported by the physicians (information regarding the occurrence
of hypercalcaemia was given only in a few cases). SVAS, supravalvular aortic stenosis; PS, pul-
monary stenosis

*The 15 WBS patients included in the previous study (32).

°Patients also mentioned in Robinsziral (8).

Table 3. Grandparental origin of the closest informative markers flanking the 22q11.2 deletions

Cases with meiotic recombination at the deletion breakpoint

families deletion proximal breakpoint distal breakpoint genetic distances'
1 22q-14 matenal F8VWFP  grandpatemal D228306  grandmaternal 12cM

2 22q-28  paternal  D225420  grandmaternal D228306  grandpaternal 6 cM

3 229-55 paternal  D225427  grandmaternal D22S303  grandpaternal 8 cM

4 229-83  maternal D22S427  grandmaternal D22S303  grandpaternal 8cM

6 22q-112 patemal  D225420  grandmatemal D228303  grandpaternal 85cM

8 22q-156 patemal D22S8420  grandmatemal D22S343  grandpatemal 16 cM

9 22g-177 matemal D22S420  grandmaternal D22S306  grandpaternal 6cM

1022¢-196 patemal  D22S427  grandmaternal D22S343  grandpaternal 13 cM

Cases with no meiotic recombination at the deletion breakpoint

families deletion proximal breakpoint distal breakpoint genetic distances'

5 229-100 maternal D22S427  grandmaternal D22S303  grandmaternal 8 cM
7 22¢-120 paternal ~ D228427  grandpatemal D228343  grandpaternal 13cM

IApproximate genetic distances according to Généthon and GDB linkage maps.

A high incidence of meiotic crossovers at 22g11.2 in figure because of a better electrophoretic resolution of the

patients with CATCH 22

different sized alleles than of the marker reported in Tale.
D22S343. On the basis of the average genetic distance between

As shown in Tabl&, a significant number of 22q11.2 deletionsproximal and distal markers, the number of meiotic crossovers

appear to be associated

with a meiotic crossover event. Eigurexpected by randomly analysing 10 individuals would be 0.98.

shows representative microsatellite results obtained for family he probability of detecting, by chance, eight or more crossovers
The proximal chromosome region is, in this case, of grandmatén 10 meioses i = 2.9%10~ (calculated considering the

nal origin and the distal region of grandpaternal origin. Foimterference value). In this group of patients, there is no evidence
illustrative purposes, the mark&22S258is depicted in the for a parent-of-origin bias in the occurrence of meiotic cross-
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Table 4. Grandparental origin of the closest informative markers flanking the 7q11.23
deletions

Cases with meiotic recombination at the deletion breakpoint

families deletion proximal breakpoint distal breakpoint genetic distances

11 WBS3 paternal D75499 grandmaternal D75669 grandpaternal 9.7 <M
12 WBSS maternal ~ D75653 grandpatemal D75669 grandmaternal 9.9 cM
13 WBS9 maternal D7S8653 grandmaternal D75669 grandpaternal 9.9 cM
15 WBS35  maternal D75672 grandmaternal D7S634 grandpaternal 11 cM
16 WBS38  paternal D75653 grandmalernal D7S669 grandpaternal 5 ¢cM

17 WBS41  paternal D7S672 grandmaternal D78669 grandpaternal 6 cM

19 WBS63  paternal D75653 grandpatemal D75669 grandmaternal 5 ¢cM

20 WBS70 matemal =~ D7S672 grandmaternal D75669 grandpatemal ~ 10.9 cM
25WBS84 maternal ~ D78672 grandpatemal D78524 grandmaternal 19 cM
27 WBS101 maternal ~ D7S672 grandpatemal D78669 grandmaternal  10.9 cM
28 WBS102 paternal D78672 grandmaternal D78669 grandpatemal 6 ¢cM

30 WBS115 paternal D75653 grandpatemnal D75669 grandmaternal 5 cM

32 WBS140 paternal D7S653 grandmaternal D782518  grandpatemal 2.2 ¢cM

Cases with no meiotic recombination at the deletion breakpoint

families deletion proximal breakpoint distal breakpoint genetic distances’

14 WBS34  paternal D78672 grandmatemal D75669 grandmaternal 6 <M

18 WBS52  paternal D78645 grandmaternal D78440 grandmaternal 6.8 cM
21WBS72 maternal  D78672 grandpaternal D7S669 grandpatemal ~ 10.9 cM
22 WBS76  paternal D78653 grandpatemal D7S669 grandpaternal 5 ¢M

23 WBS81  maternal D7S653 grandmaternal D78630 grandmaternal  20.8 cM
24 WBS82  maternal D7S653 grandmaternal D78669 grandmaternal 9.9 ¢cM
26 WBS92  matemal  D7S672 grandmaternal D75669 grandmaternal ~ 10.9 ¢cM
29 WBS112 maternal ~ D78653 grandpatemal D75634 grandpaternal 10 ¢M
31 WBS137 paternal D7S653 grandmaternal D7S669 grandmaternal 5 cM

1Genetic distances are according to Urbtal (31), Pérez Juradi al (7) and GDB linkage
maps.
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Figure 2. Representative examples of microsatellite analy5|s at 7911.2 carried
Figure 1. Representative examples of microsatellite analysis at 22q11.2 carriedout for family 25. The deleted region of chromosome 7 is indicated with a black
out for family 8. The deleted region of chromosome 22 is indicated with a black par beside the chromosome 7 ideogram. MaBkes1870 located within the

bar beside the chromosome 22 ideogram. MdR2S941 located within the deleted region, illustrates the maternal origin of the deletion. Grandparental
deleted region, illustrates the paternal origin of the deletion. Grandparentalorigins of the regions flanking the deletion are shown with mafh@&672
origins of the regions flanking the deletion are shown with maB@2$420 (proximal region) andD7S524(distal region).

(proximal region) and22S258distal region).

and Schinzel32) to 22 families. In the earlier publication, we
overs: three crossovers were detected in the maternally derivegborted a high incidence of meiotic recombinations associated
deleted chromosomes, and five in those of paternal origin.  with WBS. In the group of 15 WBS patients, 10 were shown to

have an interchromosomal recombination at the critical 79q11.23
A high incidence of meiotic crossovers at 7q11.23 in rggion. The extra patients reported here corroborate this observa-
patients with WBS tion further: 13 cases are associated with a meiotic crossover

(Table 4). Figure 2 shows representative results obtained for
In this study, we have increased the number of families with family 25. The expected nhumber of meiotic recombinations in 22
proband affected by WBS from the 15 cases reported by Dutigdividuals would bd 2, based on the average genetic distance
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Table 5.Deletion size in CATCH 22 patients

122q-14 222q-28 3 22q-55 422q-83 522¢-100 622q-112  722¢-120 822q-156 9 22q-177 10 224-196

Markers  maternaldel.  paternal del. paternal del. maternal del. maternal del. paternal del. paternal del. paternal del. maternal del. paternal del.
Mzt M,F,GF P,M,F,GM,GF PM/JF,GM,GF PMF,GM,GF PMFGMGF PMF,GM,GF PMFGM PM,F,GM,GF P,M,F,GM,GF P,M,F,GM,GF

F8VWFP  ab,ab,bb,aa - - - - - - ab,bb,aa,aa,- - -

D22S420  be,ce,ab,ac bd,cd,abbead  ni cc,ce,ac,ce,be be,be,ac,be,cc cebebeacbd  be,be,bb,ab ad,cd,ab,ad,bc cd,bdac,dd,bc ab,bd,ad,ac,dd
D228427  ac,ab,bc,ab ac,ac,ac,aa,bc ab,aa,ab,bb,aa ac,ac,cc,ab,ac bb,ab,bb,bc,aa ab,ab,ilb,aa,bb cc,cc,ac,ab ac,ac,be,be,- ab,bb,ab,ab,ab __ab,ac,bc,bc,ac
D228941 ni ni D ni - D D D D ni

D228944 D ni D D D - D ni D D

D22S264 D D D ni - ni - D ni -

D228311 D D D D D ni D ni D D

D228306  be,ab,cc,ac abaa,abab,bc  ab,ab,az,aaab ni ni ni ab,bb,aa,ab beab,ec,ache  beacbheaceec  ni

D228308 - - - ab,bb,ab,ab,bb  ni abaaabaabb - - bb,bb,ab,ab,bb  ab,ab,aa,ab,ab
D228539  bb,bb,bb,ab - - - bb,bb,bb,bb,ab - - - - -

D22S303  bb,bb,bb,ab adadbdabed  ccbebebbac  cebeechbdac  aaabacachbb  bdbdbeacab  aaaaaaaa ad,ab,dd,cd,- bb,bc,ab,ac,ab  bb,ab,bb,ab,bc
D228343 - - - - - - ab,ac,bd,cd ab,ac,be,de,- - be,be,ae,ac,de
D228258 - ccbeacabed - - be,ac,bbac,ab  bd,be,ad,abed  bb,ab,bb,ab cc,be,ac,ad,ce - -

D228315 - ab,bc,abbb,ac__ aa,aaab,-ac ab,bb,-,bcbb __ bcacbbbcab  cebcaeadbe - cc,be,ac,ad,-

The two lines indicate the probable breakpoints of the deletions. The order of the markers is from pF8XV&R 22q11.22—-q11.23) to distdD22S315
22q11.2—-q12.1).

The results obtained for the different markers are indicated as follows: D, deleted; ni, non-informative; —, not donéesTthetedieed in the three-generation
families are denoted arbitrarily ‘a—e’ according to their molecular size, whereby ‘a’ represents the largest allele aceadtinigmily. The order of the alleles
is indicated for each family: Mzt, monozygotic twins (the alleles are indicated only once); P, patient; M, mother; FMagran@nother; GF, grandfather. Bold
type indicates the detection of a meiotic crossover at the deletion site.

between the proximal and the distal markers. The probability @ISCUSSION

detecting 13 or more recombinations by chance in 22 meioses is o ) _
P = 4.45¢10-9(calculated considering the interference value). NJVe show here that a significant number of 22q11.2 deletions in

parent-of-origin bias in the occurrence of crossovers could BeATCH 22 syndromes are associated with interchromosomal
detected in the group of patients. rearrangements indicative of meiotic unequal crossing-over

events between sister chromatids. The increase in number of
patients with WBS further consolidates the previous finding that

No apparent correlation between the sizes of the unequal meiotic recombinations underlie the formation of a high
deletions and the occurrence of unequal meiotic proportion of 7q11.23 deletion8%; this study).
recombinations in patients with CATCH 22 and WBS Divergent reports have been published recently regarding the

mode of formation of the deletions affecting the highly imprinted

The possibility was investigated of a correlation between the siz&5q11-13 region involved in PWS and AS,85). In one report
of the 7911.23 and 22911 deletions and the occurrence of €&8), the authors demonstrated a significantly higher than random
unequal meiotic recombination. The approximate breakpoints ofcidence of meiotic recombinations in PWS patients: five out of
the deletions were analysed based on microsatellite markexsven deletions were shown to be associated with unequal
mapping to the deleted regions. The common deletion usuallyossover events. The other rep@#f)(suggests a difference in
includes marker®22S94landD22S94434). MarkersD22S5264  frequency of interchromosomal crossovers between AS and
andD22S31lhave been reported to be deleted in almost all casdBWS. The incidence of meiotic crossover events detected in the
and marker®225306and D22S308 possibly deleted in a muchPWS patients was not higher than that expected randomly, whilst
smaller percentage of patient3d). Table5 summarizes the all three AS patients showed an interchromosomal rearrangement
results obtained for the 10 cases with CATCH 22. No detectald¢the critical region. A difference in the mode of formation of the
difference was observed regarding the length of the deletions. Faternal (PWS) versus maternal (AS) 15q11-13 deletion would
all patients, marker22S941and D22S311showed only one be very interesting; however, the number of patients analysed
allele, indicative of either deletion or homozygosity, and markershould be increased in order to confirm this finding.
D22S427andD22S306howed either one or two alleles, placing The seemingly identical size of the deletions involving either
these markers outside the ‘common’ deletion. The distal breaikter- or intrachromosomal rearrangements would indicate that
points of the deletions in patient 7 (no meiotic crossover) arttie same ‘hot-spot’ regions are involved preferentially in both
patients 1, 2, 3 and 9 (with meiotic crossovers) are all clearBvents. Rare variants in deletion size, such as in patient 13, would
located between markdp2S311andD22S306 suggest that other repeats in the critical region could also be

A largely homogeneous size of deletions associated with inténvolved in misalignments, but that the intermediate structures
and intrachromosomal recombinations was also seen in they be less stable. Alu sequences and highly homologous
patients with WBS (Tabl€). MarkersD7S653andD7S489A sequences have been found to flank the majority of deletion and
usually flanked the deletions and markdd§S489B and recombination sites. It can be envisaged that similar sequences
D7S1870 showed homozygosity in almost all cases. Oneare also involved in the formation of the CATCH 22 and WBS
exception was detected; patient 13 had a larger deletion whidkletions. Indeed, thé Rgion of the elastin gene has been found
included markerD7S489A The deletion in this case was to be very rich in Alu sequence¥s, and a number of low copy
associated with a meiotic crossover event. repeats were shown recently to be contained in chromosome
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Table 6. Deletion sizes in WBS patients

Patient D78653 D78480B  D7S2476  D7S613 ELN D782472  D7S1870  D7S489A  D7S82518  D752421 D75669
11 WBS3 ni D D D ni ni ND ND
12 WBS5 ND D D D ni ND - ND
13 WBS9 ND D D D : ni ND ND
14 WBS34 ND ni - ni D D ni ND ND
15 WBS35 ni D D D ni ND ni
16 WBS38 ND ni - D D D ni ND ND
17 WBS41 ni D D D ni ND ND
18 WBS52 ni ni D D D ni ND ni
19 WBS63 ND ni ni D D ni ND ND
20 WBS70 ND ni ni D ni ND ND
21 WBS72 ni D D D ni ND ND
22 WBS76 ND ni ni ni D ND - ND
23 WBS81 ND D D D ni ND ni
24 WBS82 ND ni ni D D ND ND
25 WBS84 ni D D D ND ni
26 WBS92 ND ni - ni ni D ND - ND
27 WBS101 ni D - - ni D ni ND ND
28 WBS102 ni ni ni - D D ni ni ND ND
29 WBS112 ND D D D ni ND ni
30 WBS115 ND ni ni D D - D ND ND ND
31 WBS137 ND ni ni D ni ni ni ni - ND
32 WBS140 ND D D D D - D ni ND ND

The two lines indicate the probable breakpoints of the deletions. The markers are listed in proximal to distal Brie6%i3e7q11.22
to D7S669 7g21.11) according to Pérez Juradal (7).

The results obtained for the different markers are indicated as following. D, deleted; ND, non-deleted; ni, non-infornattene,
Patients indicated in bold indicated the detection of a meiotic crossover at the deletion site.

22011 B87). Repeat sequences and highly homologous sequendsgridization analysis. It would obviously be very interesting to
are likely to stabilize chromosomal pairings and facilitateanalyse such cases at the molecular level.

crossover events. The mechanism leading to the deletions

probably involves mispairing of such elements either in sister

chromatids (in the case of interchromosomal recombinations) Parent-of-origin bias in the occurrence of deletions and

the creation of a loop within individual chromatids (in the case aheir mode of formation

intrachromosomal recombinations), followed by excision of the

extruding loop {). A parent-of-origin bias is reported in the literature regarding the
CATCH 22 deletions. The proportion of deletions affecting the
maternal chromosome is estimated(#&6% 30). A slightly
higher incidence of maternal deletions has also been reported in
The recurrence risk for healthy parents in cases where a meidiBS (31). In the group of 32 CATCH 22 patients analysed in our
recombination can be demonstrated is probably not higher thamstitute for parental origin of the 22g11.2 deletion, a maternal
that for the normal population. However, it cannot be excludebias was not evident. The deletions affecting the maternal
that variations in the number and position of repeat sequencgsomosomes (17 cases, 53%) were only marginally more
may result in a higher rate of unequal crossing-overs. THeequent than those affecting the paternal chromosomes (15
implications of similar mechanisms underlying both inter- andases). The percentage of maternally derived deletions (58%) in
intrachromosomal deletions are that the recurrence risk fdine 67 patients with WBS diagnosed at the molecular level in our
healthy parents would also be minimal in cases of intrachromosimstitute is in agreement with the slightly higher incidence of
mal recombinations considering that the contribution of furthematernal deletions reported in the literature. Taken together, the
endogenous or genetic factors, if at all, appears to be minimal.data would indicate the lack of imprinted genes in the critical
slightly higher recurrence risk in these cases must, however, B&ATCH 22 and WBS regions. This is also evidenced by the
taken into account due to the possibility of gonadal mosaicism apparent absence of abnormal phenotypes in cases with uniparen-
one of the parents. Indeed, recurrence of deletions has been sheéaViinheritance of chromosome 229. However, an interesting

not only in familial cases where one parent is a carrier for thgarent-of-origin repercussion on the WBS phenotype was
deletion, but also in a familial case described by Eyebak(38)  reported by Pérez Juraéb al (7). The authors have observed
with phenotypically normal parents. In this family, two siblingsmore severe forms of developmental delay in patients with
were shown to have a deletion on 22q11.2 by fluoreséesde  maternally derived 7q11.23 deletions. This study raises the

Recurrence risk of the 22g11 and 7g11.23 deletions
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