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Chapter 2

SUMMARY

Duplicons, that is, DNA sequences with minimum length 10 kb and a high sequence
similarity, are known to cause unequal homologous recombination, leading to deletions
and the reciprocal duplications. In this study, we designed a Multiplex Amplifiable
Probe Hybridisation (MAPH) assay containing 63 exon-specific single-copy sequences
from within a selection of the 169 regions flanked by duplicons that were identified, at
a first pass, in 2001. Subsequently, we determined the frequency of chromosomal rear-
rangements among patients with developmental delay (DD) and/or congenital mal-
formations (CM). In addition, we tried to identify new regions involved in DD/CM
using the same assay. In 105 patients, six imbalances (5.8%) were detected and veri-
fied. Three of these were located in microdeletion-related regions, two alterations were
polymorphic duplications and the effect of the last alteration is currently unknown.
The same study population was tested for rearrangements in regions with no known
duplicons nearby, using a set of probes derived from 58 function-selected genes. The
latter screening revealed two alterations. As expected, the alteration frequency per unit
of DNA is much higher in regions flanked by duplicons (fraction of the genome tested:
5.2%) compared to regions without known duplicons nearby (fraction of the genome
tested: 24.5-90.2%). We were able to detect three novel rearrangements, including the
previously undescribed reciprocal duplication of the Williams Beuren critical region,
a subduplicon alteration within this region and a duplication on chromosome band
16p13.11. Our results support the hypothesis that regions flanked by duplicons are

enriched for copy number variations.
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Copy number variation in regions flanked by duplicons

INTRODUCTION

Many genetic disorders are caused by changes in chromosomal structure. Deletions,
duplications, inversions and translocations can all lead to changes in the effective dos-
age of one or more genes, often with pathological consequences. Large rearrangements
affecting at least 5 Mb can be seen cytogenetically, and many disorders have been

recognised and characterised based solely on microscopic analysis.!**

It was shown in 1992 that the region duplicated in Charcot-Marie-Tooth (CMT)
was flanked by highly similar (>98%) sequences.’ Unequal crossing over between these
duplicons leads both to this duplication and the reciprocal deletion, which was lat-
er shown to cause hereditary neuropathy with liability to pressure palsies (HNPP).°
Duplicons, also known as low copy repeats (LCRs), have since been implicated in
many other disorders.”® It has been estimated that 5% of the human genome is com-
posed of such LCRs, which can be present both inter-and intrachromosomally.”1°

In 2002, Bailey ez a/.!! identified 169 unique regions of at least 10 kb in size, between
intrachromosomal duplicons with >95% sequence identity. These data were based on the
Human Working draft of August 2001. In all, 24 of these regions were already associ-
ated with known genetic disorders. It was hypothesised that these 169 regions are likely
to undergo rearrangements more frequently compared to interstitial regions outside the
defined regions, due to misaligned recombination between the LCRs, creating microde-
letions, microduplications and inversions of the segments involved. To assess this in more
detail, we have designed a Multiplex Amplifiable Probe Hybridisation (MAPH) probe set
containing 30% of these regions, including those related to microdeletion syndromes. In
all, 105 unrelated patients with developmental delay (DD) and/or congenital malforma-
tions (CM) were tested using these probes. We compared the performance of this probe
set with a set of probes located outside the thus far known duplicons. The second pur-
pose of this study was to identify new regions that are frequently altered in DD patients
or patients with CM using the duplicon data of 2002.

The assay using sequences flanked by duplicons resulted in the detection of six
duplications, of which three were located in regions related to known disorders. Two
alterations were detected by screening regions outside known duplicons. These results
show that in our study population the genetic variation within duplicon-flanked re-
gions was three times more common compared to the regions outside the duplicons.
Among the rearrangements detected was the postulated, but until now unidentified,
reciprocal duplication of the Williams Beuren critical region (WBCR) and a smaller

subduplicon alteration within this region.
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Chapter 2

MATERIALS AND METHODS

Patients
The DNA of 99 DD/CM patients and six individuals with CM only (64 males
and 41 females) from the Center of Human and Clinical Genetics Leiden (DNA
Diagnostic Laboratory) was analysed. Prior to MAPH analysis, all patients showed a
normal karyotype and, where tested, had tested negative for Fragile X syndrome. This
study cohort does not include any patient presenting with typical microdeletion char-
acteristics. These had been previously diagnosed by the cytogenetics department.

This study was approved by the Institutional Review Board of the Leiden University
Medical Center, conforming to Dutch law. All subjects, or their representatives, gave

informed consent for DNA studies.

Multiplex Amplifiable Probe Hybridisation

MAPH was performed as described by White e# 2/.!? Ratios were obtained by divid-
ing the peak height of each probe by the sum of the peak heights of the four nearest
probes. The probes with a normalised ratio between 0.75 and 1.25 (log(2) scale —0.42
to +0.32) were considered to be present in two copies. The probes with a ratio outside
these thresholds were considered to have a copy number alteration. All samples in
which an alteration was found were screened at least in duplicate.

The different probe sets used contained respectively 63 probes from genes flanked
by duplicons (see Appendix A) in 51 different regions, including those involved in
Smith Magenis (SMS (MIM 182290)), William Beuren (WBS (MIM 194050)),
DiGeorge (DGS (MIM 188400)), Cat eye (CES (MIM 115470)), Prader Willi (PWS
(MIM 176270)), Angel-man syndrome (AS (MIM 105830)) and 58 probes contain-
ing function-selected genes outside the duplicons (Appendix B).

Multiplex Ligation-dependent Probe Amplification

A modified protocol of multiplex ligation-dependent probe amplification (MLPA)!?
was performed as described by White ez 2/.'4 In the current study, MLPA was performed
to verify alterations obtained by MAPH analysis. The data analysis is identical with that
applied for MAPH analysis. The MLPA probes used were derived from the sequences
of RAII (GenelD: 10743), DRG2 (GenelD: 1819), COPS3 (GenelD: 8533), ELN
(GenelD: 2006), CYLN2 (GenelD: 7461), FKBP6 (GenelD: 8468), TBL2 (GenelD:
26608), £ZD9 (GenelD: 8326), GTF2IRD1 (GenelD: 84163), GTF2I (GenelD:
2969), HIP1 (GenelD:3092), AUTS2 (GenelD:26053), CALN1 (GenelD: 83698),
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Copy number variation in regions flanked by duplicons

NUDEI (GenelD: 54820), PYRRI, defender against cell death 1 (DADI) gene
(GenelD: 1603) and the diacylglycerol kinase iota (DGKI) gene (GenelD: 9162).

Fluorescence In Situ Hybridisation

The FISH experiments were performed following Standard Operating Procedures.!®
An FITC-labeled FISH clone LSI-ELN (Vysis) was used for the Williams critical
Region. BAC clones RP11-14N9, RP11-M13, RP11-48901 and RP11-72I8 were

used to determine the extent of the rearrangement on chromosome band 16p13.3.

Array comparative genomic hybridisation
The array comparative genomic hybridisation (array-CGH) procedures were performed

as described in Knijnenburg et 2/.1°

using larger genomic insert clones retrieved from the
Sanger Center (UK) (1 MB clone set). /n silico data at the http://www.ensemble.org were

used to determine the size of the duplications.

REsuLTS

Considering that duplicon-flanked regions might be preferentially involved in copy
number variation, we based our MAPH probe set to detect new regions involved in DD/
CM on a gene-enriched selection from the 169 regions published by Bailey ez a/.'!

The MAPH probes were designed based on autosomal exon-specific single-copy
sequence. Regions lacking known genes and/or single-copy sequence (62/169 or 37%
of the defined regions) were excluded. Before the actual screening, the probe sets were
validated using DNA samples derived from 50 anonymous healthy controls. Among
those, we detected a pancreatic polypeptide receptor 1 (PPYRI) gene duplication
that was verified using MLPA analysis. Probes showing inconsistent copy number
variation within an individual (duplicate testing) were excluded (7 =9). The validated
probe sets, targeting 63 unique sequences in 51 different regions (see Appendix A),
were tested among a total of 105 unrelated patients (64 males, 41 females), includ-
ing 99 developmentally delayed (DD) patients (25 mild DD; 74 severe DD) and six
individuals with CM.

Screening these 105 patients revealed six imbalances (5.8%), all duplications
(Table 1). All rearrangements were verified using MLPA, array-CGH or FISH. Three
of the rearrangements were located in areas known to be involved in microdeletion syn-

dromes, including two duplications within the WBCR on chromosome band 7q11.23
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Table 1. Alterations in regions flanked by duplicons.

Case Alteration Chrom. Band Gene(s) involved Size (Mb) de novo Confirmed by
1 Duplication 7q11.23 CYLN2, ELN, 1.4-1.7 No, present in MLPA/FISH
FZD9, FKBP6, TBL2 father
2 Duplication 7q11.23 FKBP6 0.3-0.4  No, presentin MLPA
mother
3 Duplication 17p11.2 RAI1, DRG2, min. 3.5* Yes MLPA/FISH/array-CGH
COPS3
4 Duplication 16p13.11 NUDEI1, MYH11 0.8-2.4  Yes MLPA/FISH/array-CGH
5 Duplication 10q11.22 PPYR1 0.5-2.3 No, presentin  MLPA/array-CGH
father
6 Duplication ~ 10q11.22  PPYRI max. 1.4 Unknown® MLPA/array-CGH

Summary of results obtained by screening 105 DD/CM patients using 51 unique regions flanked by duplicons. The

sizes of the different alterations were determined based on results of both MAPH/MLPA and array-CGH.

a) As the regions near the centromere of chromosome 17 are not covered by array-CGH, the centromeric breakpoint
of this duplication remains unknown.

b) The mother of case 6 did not carry the duplication. The father was not available for testing.

(see case reports), and a de novo duplication of the Smith Magenis Critical Region
(SMCR) on chromosome band 17p11.2. The two 7q11.23 duplications, detected in
two unrelated patients, differed in length, as one was found using four MAPH probes
(containing sequences derived from the CYLN-2, ELN, FKBP6 and TBL2 genes) and
the other with only one of these, the FKBP6 gene (Figure 1). Additional array-CGH
analysis did not detect this alteration. The exact size of the duplication is difficult to
define as the BACs flanking this region (RP11-45003, RP4-771P4) partly colocalise
with segmental duplicons in this region. Additional MLPA was performed using se-
quences of the GTF2] and GTF2IRDI genes within the WBCR and HIPI, CALN1
and AUTS2 genes localised just outside the telomeric and centromeric sides of the seg-
mental duplicon, respectively. This assay revealed that this duplication is the reciprocal
duplication of the deletion causing Williams—Beuren syndrome.

To fine map the other duplications (case 2), additional MLPA probes were designed.
Exon 4 and exon 8 (the last exon) of the FKBP6 gene were shown to be duplicated.
We were unable to test the first three exons of this gene, as they contain large repeti-
tive sequences. The probe derived from the adjacent FZD9 gene showed no alteration.
Testing the parents of the patients showed that in each case the duplication was present
in one of the parents (data not shown). There appeared to be no parent of origin effect,
as the large alteration was found in the patient’s father, and the small alteration in the

mother of the other patient.
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Figure 1. The duplications within 7q11.23 (WBCR).

7q911.23
AUTS2 CALN1 FKBP6 FDZ9 TBL2 ELN CYLN2 GTF2IRD1 GTF2I HIP1
Duplication 1
+ + + + - + +
e e

Duplication 2

The figure shows the length of the two duplications in the WBCR, detected in unrelated patients. Duplication 1 en-
compasses the whole critical area flanked by two large duplicons, whereas the other duplication involves only (a part
of) the FKBP6 gene. The diamonds represent the maximum size of both duplications. The AUTS2, CALNI and HIP1

genes localised just outside the duplicons were not altered.

The duplication of the SMCR (case 3) was detected using three probes correspond-
ing to the RA/1, DRG2 and COPS3 gene. Array-CGH testing was performed to deter-
mine the length of the duplication on chromosome 17 (Table 1). This analysis exclud-
ed a duplication of chromosome band 17p12, which causes CMT disease (Figure 2).

Chromosome 16 contains many repeats, limiting the application of additional
FISH analysis. Thus, it was not possible to determine the precise breakpoints of the
imbalance in case 4, a de novo duplication of the NUDEI gene on the short arm of
chromosome 16p13.11. Two BACs (RP11-48901, CTD-2504F3) overlapping the
NUDEI region were found amplified using array-CGH, indicating that the size of the
duplication is between 0.8 and 2.4 Mb. We note that the dosage of the MYHI1 gene
(Locus Link: 4629) must also be doubled as this gene is transcribed from the reverse
strand of the NUDE]T gene.

In two unrelated patients (cases 5 and 6), a duplication of a probe within the first
exon of the PPYRI gene on chromosome 10 was identified and subsequently verified
using MLPA. Using array-CGH analysis, a nonoverlapping BAC (RP11-292F22) lo-
calised 0.5 Mb telomeric from the PPYRI gene showed a duplication in only one of
the patients, indicating a difference in the size of the regions duplicated. We were able

to test both parents of the patient with the largest rearrangement (case 5); the father
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Figure 2. Results obtained in case 3.
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Results of the MAPH and array-CGH analysis revealing a duplication of the SMCR. (A) Log(2) ratio of MAPH probes
showing a duplication of (a) the RAII gene, (b) the DRG2 gene and (c) the COPS3 gene. The remaining probes contained
sequences localised on different chromosomes. The probes with a normalised ratio between —0.42 and +0.32 (log(2) scale)
were considered to be present in two copies. The probes are ordered by probe length, not on their position on the genome.
(B) Array-CGH testing showed that chromosome band 17p12 is not duplicated, excluding CMT syndrome (white ar-
row). The BACs showing amplification included RP11 —219A15, RP11-524F11, RP11 -189D22, RP1- 162E17, CTB
—1187M2, RP11-7807, RP5-836L9 and RP11-121A13. The distal breakpoint matches the common deletion break-
point of SMS.'8 The proximal breakpoint is unknown, as the region near the centromere is not covered by BACs.
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carried the same duplication. The mother of the other patient did not show the dupli-
cation, the father was not available for testing.

To determine whether the number of alterations obtained is significantly higher
compared to copy number changes of regions outside the duplicons described in 2001,
we have tested the same study population for genomic variation in a set of probes from
regions not known to be flanked by duplicons. These probes were targeting function-
selected genes, such as genes involved in transcription, neuronal and brain maturity,
with a potential function in mental development (Appendix B). This MAPH analysis
comprised 58 validated probes (Appendix B) and resulted in the detection of two ge-
netic imbalances (1.9%), including a duplication of the DGKi gene on chromosome
band 7q33 and a deletion of the DADI gene on chromosome band 14q11. Both
alterations were verified by MLPA analysis. We were not able to test the parents of

these patients. Despite their predicted function, these genes have not previously been

causally linked to DD.

Case reports

Case 1

This male patient was born after an uneventful pregnancy. In the perinatal period,
he was diagnosed with trigonocephalic synostosis of the metopic ridge. At the age of
1 year, he was examined by a clinical geneticist. He did not show any DD nor obvious
dysmorphic features. Except for a mild aberrant shape of his skull (status after recon-
struction), no CM were present.

The family history of this patient included, in the father with a complete cutaneous
III-IV syndactyly of the hand, a II-III syndactyly of the feet, and a carcinoma iz situ
of the testis that was diagnosed after infertility screening. The family members of both
the father’s mother and father’s father showed syndactyly. Additional MAPH analysis
showed a duplication of the WBCR present in the patient as well as in the father. The
parents of the patient’s father did not carry the duplication. The parenthood of the

father and his parents was proven using marker studies.

Case 2

In addition to synostosis of both the sutura lamboidea and the sutura coronalis, this
4-year-old male patient with a normal mental development showed facial asymmetry, a
severe heart malformation including two ventricular septum defects and a (sub)valvular
pulmonal stenosis and a finger-like thumb. Except for craniosynostosis, these features

are related to hemifacial microsomia.

71



Chapter 2

The family history does not include individuals with dysmorphic features nor CM.
Additional investigation showed a normal karyotype. MAPH analysis showed a dupli-
cation of a part of the FKBPG6 gene that was also present in the unaffected mother and
the unaffected maternal grandmother.

DiscussioNn

In this study, we have assessed the frequency of chromosomal rearrangements in DD
and/or CM patients. The fraction of the genome that was localised between the de-
fined duplicons (as of 2001) and tested by at least one MAPH probe was 5.2% (see
Appendix A). Within these regions, six alterations were detected. The fraction of the
genome that was flanked by duplicons and not tested in this study was 4.6%, indicat-
ing that the majority of the genome fraction flanked by duplicons has been tested in
this study. The total fraction of the genome that was flanked by duplicons identified
at a first pass in 2001 is thus 9.8%. This percentage corresponds closely with the
~328 Mb of sequence calculated by Bailey ez al.

The fraction of the genome unflanked by duplicons (defined in 2001) is 90.2%.
However, we have only tested 58 sequences (probes) localised outside the duplicons. We
would argue that this number is not representative for 90.2% of the genome. Based on
the calculation shown in Appendix B, the fraction of the non-duplicon regions tested was
at least 24.5%. The real percentage tested is higher, as sequences located at the chromo-
some ends could not be included. In short, the fraction of the genome localised outside
the duplicons and tested ranges between 24.5 and 90.2%. Two alterations were found
within these regions. While the sample sizes are small, the aberration frequency per unit (=
percentage of the total genome) of DNA in regions flanked by duplicons was higher com-
pared to the regions outside the duplicons, indicating that the regions between the dupli-
cons are indeed enriched for dosage alterations. This supports the hypothesis of Bailey ez
al. that the regions within duplicons are more likely to undergo genomic alterations.

Retrospectively, we have checked all 58 genes localised outside the duplicons, as
identified in 2001, using the most recent assembly of the Human Working Draft (May
2004). It appeared that 76% of these regions were still unflanked by intrachromosomal
duplicons, including the regions containing DGKi and DADI genes.

Several factors will lead to an underestimation of the true number of alterations
occurring between duplicons, and some of these may also explain why we did not find

any deletions. First, the regions lacking single-copy sequences were excluded in this
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study. It is reasonable to assume that these regions are more likely to undergo rear-
rangements based on their repetitive sequence content. These were not included, as the
MAPH assay was based on copy number alteration of single-copy sequences.

Second, haplo-insufficiency of certain genes might not be compatible with life, or
they may give a deleterious phenotype other than DD/CM. These alterations will not
be detected in our study. This holds equally for the function-selected genes. Brewer ez
al.' defined several regions that have never been involved in any deletion and those
were thought to be potentially haplo-lethal. Of the 57 ‘Bailey’ regions tested, 10 were
located within these possible haplo-lethal regions. These regions need to be tested by
higher resolution methods, as the analysis of Brewer ez a/. was based on karyotypic ab-
normalities. Third, a substantial proportion of DD/CM could originate from genetic
aberrations other than nonallelic homologous recombination. For example, point mu-
tations will not be detected using MAPH.

Fourth, the number of samples tested is rather small and the set of probes outside
the duplicons is not random. In addition, the study cohort is already biased against
rearrangements between duplicons, as any cases presenting with typical microdeletion
syndrome-related features had already been diagnosed using cytogenetics tools.

Finally, it is possible that a part of the duplicons defined by Bailey ez a/. require ad-
ditional conditions before the obligate ‘repetitive breakpoints events’ will occur, result-
ing in copy number changes. These additional conditions could include a minimum
length of 100% homology required for recombination, AT-rich sequences present on

8 or enrichment of Alu repeats within dupli-

both sites of a recombination hotspots,1
cons.!” Further analysis needs to be performed to determine whether these conditions
are present in the ‘Bailey’-defined duplicons.

A more clinical question concerns whether the imbalances found are disease-causing
changes or benign polymorphisms. Alterations due to misaligned nonallelic homologous
recombination should result in a deletion and a reciprocal duplication. In the majority
of reciprocal deletion/duplication disorders, deletions were discovered before the duplica-
tion of the regions due to the fact that the techniques applied (usually FISH) were more
amenable for deletion detection. To date, several duplications in regions involved in micro-
deletion syndromes have been identified in addition to the known deletions.?*-?* The phe-
notype corresponding to the duplication is often milder than that related to the deletion.
However, the copy number changes can also be associated with polymorphic variation.?*

Due to the presence of >320 kb repeat structure on both sides of the Williams syn-
drome critical region, the existence of a reciprocal duplication of the Williams critical

region was predicted,zs’26 however, it has not been reported before. The patient with the
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reciprocal duplication of the Williams critical region was diagnosed with craniosynos-
tosis and mild DD. The patient with the smaller duplication showed, in addition to
craniosynostosis, multiple CM; however, his psychological development was normal. As
the FKBPG gene is the only gene in common and this gene is restricted to the male germ
cells, it is reasonable to assume that the clinical overlap (craniosynostosis) is coincidental.

The clinical consequences of a duplication within the WBCR are currently un-
known. The fact that the imbalance is present in unaffected family members does not
automatically mean that this is not pathological. Incomplete penetrance or multifactorial
influences might cause variability of the phenotype.

It seems reasonable to assume that the de novo 17p11.2 duplication is responsible for
the clinical features of case 3, as it is known that a duplication of the SMS critical region
is associated with clinical features resembling those observed in our patient.?*?’

The de novo duplication of 16p13.11 was seen in a boy with mild DD and learn-
ing disability. Since the father had similar learning problems, the significance of the
duplication is questionable and this awaits confirmation from other patients. We note,
however, that NUDEI participates in a pathway that influences the neuronal migra-
tion during development of the central nervous system,?® which makes it an interesting
candidate gene in this region.

Sebat et al.?” reported the screening of a total of 20 healthy individuals using the
representational oligonucleotide microarray analysis (ROMA) technique. They found
76 unique large-scale copy number polymorphisms. Among those, five probes on
chromosome band 10q11.2 encompassing the full length of the PPYRI gene were
duplicated in one individual. This finding is in agreement with our finding of no
less than four copy number changes in this gene, as it was altered in two unrelated
patients (cases 5 and 6), one of their parents, as well as in a healthy control sample.
In a subsequent study regarding genomic copy number differences in healthy indi-
viduals, 255 loci showing large-scale copy number variation (LCVs) were detected
using array-CGH analysis.>* The only probe that overlapped one of the 255 suspected
polymorphic clones contained a PPYRI gene sequence. This clone (AL390716.27)
was amplified in six individuals. Combining these findings in retrospect, it is possible
that PPYRI undergoes nonpathological or incompletely penetrant copy number varia-
tion. Two of the function-selected genes were localised within the suspected polymor-
phic clones (RYR3 within clone ACO11938.4; ERNI within clone RP1189H15). The
probes derived from both genes were not altered in our study population. This may
well be due to our modest sample size, since most copy number variations detected

by Iafrate ez al. were present in only one or two (healthy) individuals. This also holds
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true for the clones overlapping RYR3 and ERNI. In addition, a duplication seen with
a single BAC clone might not encompass the entire clone length.

Recently, Sharp ez /3! also found a difference with regard to duplicons-flanked re-
gions and copy number variation, in agreement with our findings. In addition, 130 po-
tential copy number variation hotspots flanked by duplicons were tested for rearrange-
ments among 47 healthy individuals using a segmental duplicon BAC microarray. A
total of 119 regions showed copy number alteration comprising 141 genes, including
the P25, P29 and ADRBK?2 genes, also present in our study. In all, 79 of the 130 copy
number variation hotspots showed no alteration among this study population. It was
suggested that these latter hotspots are excellent candidate regions to be associated with
genetic disorders. Our study covers a fraction of these ‘hotspots’, which have thus been
subjected to a first test for copy number alteration in relation to DD or CM. Using
MAPH, we were able to identify three previously undescribed rearrangements, two
duplications within WBCR and one duplication of chromosome region 16p13.11, of
which the clinical relevance is uncertain at this moment. It will indeed be worthwhile

to include these regions in further testing.

ACKNOWLEDGEMENTS

We thank Hans Dauwerse, Kerstin Hansson, Jeroen Nijhuis for the FISH analysis,
Yvonne Hilhorst for providing clinical information, Peter de Knijff for parental marker
analysis. MK is funded by Zon-Mw (AGIKO fellowship 940-37-032), SW is funded
by ZonMw (nr 91204-047).

Note added in proof

While this work was under review, another patient was described (Severe expressive-
language delay related to duplication of the Williams-Beuren locus, M] Somerville ez
al. N Engl ] Med 2005; 353:1694-1701, October 20, 2005) with a duplication of the
WBS region. We have assessed the phenotype of our patient in the light of the reported
clinical features (language deficiency but good spatial abilities). Considering the age of
our patient, we could not assess the spatial abilities, but our patient did present with
(moderate) language disability.

75



Chapter 2

REFERENCES

10

11

12

13

14

15

16

17

76

Leao JC, Bargman GJ, Neu RL, Kajii T, Gardner LI: New syndrome associated with partial deletion
of short arms of chromosome No. 4. Clinical manifestations of hypospadias, beaked nose, abnormal
iris, hemangioma of forehead, seizures, and other anomalies. /Am Med Assoc 1967; 202: 434-437.
Alfi O, Donnell GN, Crandall BE Derencsenyi A, Menon R: Deletion of the short arm of chro-
mosome n0.9 (46,9p-): a new deletion syndrome. Ann Gener 1973; 16: 17-22.

Schinzel A, Auf der MP, Moser H: Partial deletion of long arm of chromosome 11[del(11)(q23)]:
Jacobsen syndrome. Two new cases and review of the clinical findings. J Med Genet 1977; 14:
438-444.

Greenberg E Crowder WE, Paschall V, Colon-Linares J, Lubianski B, Ledbetter DH: Familial
DiGeorge syndrome and associated partial monosomy of chromosome 22. Hum Genet 1984; 65:
317-319.

Lupski JR, Wise CA, Kuwano A et al: Gene dosage is a mechanism for Charcot —Marie —Tooth
disease type 1A. Nar Gener 1992; 1: 29-33.

Chance PE Abbas N, Lensch MW ez 4/.: Two autosomal dominant neuropathies result from recipro-
cal DNA duplication/deletion of a region on chromosome 17. Hum Mol Genet 1994; 3: 223-228.
Emanuel BS, Shaikh TH: Segmental duplications: an ‘expanding’ role in genomic instability and
disease. Nat Rev Genet 20015 2: 791-800.

Stankiewicz B, Lupski JR: Genome architecture, rearrangements and genomic disorders. Zrends
Gener 2002; 18: 74-82.

Bailey JA, Yavor AM, Massa HE Trask BJ, Eichler EE: Segmental duplications: organization and
impact within the current human genome project assembly. Genome Res 2001; 11: 1005-1017.
Eichler EE: Recent duplication, domain accretion and the dynamic mutation of the human ge-
nome. Trends Genet 2001; 17: 661-669.

Bailey JA, Gu Z, Clark RA ¢t al.: Recent segmental duplications in the human genome. Science
2002; 297: 1003-1007.

White S, Kalf M, Liu Q ez al.: Comprehensive detection of genomic duplications and deletions in
the DMD gene, by use of multiplex amplifiable probe hybridization. Am J Hum Genet 2002; 71:
365-374.

Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens E Pals G: Relative quantifica-
tion of 40 nucleic acid sequences by multiplex ligation-dependent probe amplification. Nucleic
Acids Res 2002; 30: e57.

White SJ, Vink GR, Kriek M et al.: Two-color multiplex ligation-dependent probe amplifica-
tion: detecting genomic rearrangements in hereditary multiple exostoses. Hum Mutat 2004; 24:
86-92.

Dauwerse ]G, Jumelet EA, Wessels JW et al.: Extensive cross-homology between the long and
short arm of chromosome 16 may explain leukemic inversions and translocations. Blood 1992;
79: 1299-1304.

Knijnenburg J, Szuhai K, Giltay J et al.: Insights from genomic microarrays into structural chro-
mosome rearrangements. Am J Med Gener A 2005; 132: 36-40.

Brewer C, Holloway S, Zawalnyski P, Schinzel A, Fitz Patrick D: A chromosomal duplication map
of malformations: regions of suspected haplo-and triplolethality — and tolerance of segmental

aneuploidy — in humans. Am J Hum Genet 1999; 64: 1702-1708.



Copy number variation in regions flanked by duplicons

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Shaw CJ, Withers MA, Lupski JR: Uncommon deletions of the Smith—Magenis syndrome region
can be recurrent when alternate low-copy repeats act as homologous recombination substrates.
Am | Hum Genet 2004; 75: 75-81.

Bailey JA, Liu G, Eichler EE: An Alu transposition model for the origin and expansion of human
segmental duplications. Am J Hum Gener 2003; 73: 823-834.

Lupski JR: Charcot—Marie—Tooth disease: lessons in genetic mechanisms. Mol Med 1998; 4:3-11.
Shaw-Smith C, Redon R, Rickman L ¢z a/.: Microarray based comparative genomic hybridisation
(array-CGH) detects submicroscopic chromosomal deletions and duplications in patients with
learning disability/mental retardation and dysmorphic features. / Med Gener 2004; 41: 241-248.
Ensenauer RE, Adeyinka A, Flynn HC ez al.: Microduplication 22q11.2, an emerging syndrome:
clinical, cytogenetic, and molecular analysis of thirteen patients. Am | Hum Genet 2003; 73:
1027-1040.

Potocki L, Chen KS, Park SS ez al.: Molecular mechanism for duplication 17p11.2 — the ho-
mologous recombination reciprocal of the Smith—-Magenis microdeletion. Nar Gener 2000; 24:
84-87.

Stankiewicz B, Lupski JR: Molecular-evolutionary mechanisms for genomic disorders. Curr Opin
Genet Dev 2002; 12: 312-319.

Bayes M, Magano LF, Rivera N, Flores R, Perez Jurado LA: Mutational mechanisms of Wil-
liams—Beuren syndrome deletions. Am J Hum Gener 2003; 73: 131-151.

Peoples R, Franke Y, Wang Y ez al.: A physical map, including a BAC/PAC clone contig, of the
Williams —Beuren syndrome — deletion region at 7q11.23. Am ] Hum Gener 2000; 66: 47-68.
Shaw CJ, Bi W, Lupski JR: Genetic proof of unequal meiotic crossovers in reciprocal deletion and
duplication of 17p11.2. Am J Hum Gener 2002; 71: 1072-1081.

Yan X, Li E Liang Y ez a/.: Human Nudel and NudE as regulators of cytoplasmic dynein in pole-
ward protein transport along the mitotic spindle. Mol Cell Biol 2003; 23: 1239-1250.

Sebat J, Lakshmi B, Troge J e al.: Large-scale copy number polymorphism in the human genome.
Science 2004; 305: 525-528.

lafrate AJ, Feuk L, Rivera MN ez al.: Detection of large-scale variation in the human genome. Naz
Gener 2004; 36: 949-951.

Sharp AJ, Locke DP, McGrath SD ez al.: Segmental duplications and copy-number variation in
the human genome. Am J Hum Gener 2005; 77: 78-88.

77



Chapter 2

0%¢ 8¥1 €TESTEOTT—E866L10TT 920€570T1 78065 Jonquyur [-asedsed AGAOI ¢zeb1r DYFGADI
969 9€T § TSLEGETS=960LSTLL 89600L6. TLL8 UTeWwop yIeap era pareosse-(9ISYANL) Sed ¢er1brr aavd
68€ £ST €50909/9-598%€/9 8755959 126 (29-9¢d) uasnue ¢qp zzibrl San
€€0 €8 98769159-€5798059 6/T80T$9 106€9 $6L7T[ T w=r01d eonoyodAp 1'z1brr P6/TTTd
1%8 /80 T 7€€87888-16709.98 68%/5088 0906 areydnsoydsoyd ¢ sursouspeoydsoyd ¢ 1€°¢7bo1 ZSSIVd
2A0qe 232G 0£L16108-€067SHSL y1T61LSL 6989 7 10rdaoar urunydypde], 1'7zbo1 QIDVL
198 9¢L Y 0£L16108-€067S¥SL 6%08LTLL 6/88 [ ased] areydsoyd-1-outsodurydg 1-zzbor [7dDS
WL TSLS ¥86€LLYS—8ETIT06Y TLESHIGY (1299 1 101d2021 apndadAjod oneanueg zz11bor LAdd
240qe 38 YI¥906Ly—L6TIEESY €8€%90LY £8€9 [ 10398 PIALIIP-[[2 [EWONG 17°11b01 14ds
VAR YA PIY906LY—L6TIEESY 06€1TYSY 06.6 1onpord auas /8 10V VI 17°11b01 Z8I0VVIY
860 019 969€C6LT-8GSEHELT G86€9/LT 1679 1 ur01d sossarddns sex ¢1dor 1Sy
RICRLEEN S8¥9¥S801-€E€T6H9IS01 6€/918.01 9/1T D dnos3 vonerusws(dwos ‘erwseue uoouE] ¢ezebe DONVH
TSTL68 T C8%9HS80T—€ET6YIS0T TEYEIPL01 [TLS Bojowoy (eqrydosox(y) payoreq z€Tebe HOLd
TST €96 STISTI66—ELETLOGG SLH6SY66 69L¥S T I-SYY Sutpuiq-q 15 [arads ZSV-1p
yIC Py ¥ 879/TH99T-F 1186191 0S/50€€91 886911 unoxd [-JPIN 1°9¢bs EOINAD
¥E€ 061 T68161951-855196561 7960%1951 ¥86L ¢ 10108) 23UEYDXD SpRO3[INU duUTUENS O ceby SHTOHYY
2A0qe 225 91¥T651/-€585980L % 1992 T uy orwseidordy ¢z 11bs ZNTAD
240qe 235 91¥T651/-€585980. % 9007 unse[g ¢z 11bs NTT
2A0qe 225 91¥T651/-€585980/ X 8099¢C T 1[-(#12q) upnpsue], ¢z 11bs L1941
€96 9TL 91¥T651/-€585980/ €0TE160L 8948 9 ur01d SuIpuIq-90 < ¢ 11bs OdLIA
6/8 001 %0000069-$T166889 14519689 09%8 1 asergysuenoydyns uraordisody, 1711bs IISdL
VAZRVAR! CTLETLL9/€T599 886,929 96/ Jusuodwod Lrerrxne xojdurod umsuﬂﬁmEsE 1'zedy IALL
109 9¢8 ¢ 6L1599/£-8/68T81¢€ 8TTSITYHE 77801 rensqns-oy ¢y1dL SgSH
9TT S6E 11 T9STLII9-9EELLL6Y £69$905¢$ 591 (proe outure-TT onewore) asexoqresap edoy zTids oaa
76T €9T S 180TL10%-6T8806%¢ G90S¥HELE S6TH urnon 1¢712do NIW
S6L GY1 I8FET1T681-989€90681 qIN 681881 106%9 £1 umo01d Surpuiq Ny 1°6¢bg LIJINYY
8/9 STI TH190€T-H9%0811 F6I1ST1 9/011 eyde ¢zd uo1d oyads-urerg ¢e¢1dg szd
66Y L¥y 9 1218980127907y P1¥6109 1212 u12101d SWOIPUAs P[aAdIY) UeA SI[F 914y DN
19€ 9%% S0SLTYST-8ET186¥T 868¥97ST 6797 25ePIS0IN[3-212q 21[0s014D) Te1dy D019
88T 66S T G988/0€Y 1~LLS6LY0¥1 98€69¥1¥1 TLEL (sre2010) SseroyuLs aeydsoydouow sutpun T 1ebe SN
666 ¥S1 9 78008091 1-€80576601 €9691¢H11 £98% unsf>orydan ¢1bz [dHIN
896 9G¥ 861S€9/11-0€T8LILTT L668SYLIL $007Z[ T w=r01d eonaypodApy ¢1bz P0Cl1d
8y 8L 1 19$206657-€0169185T 80$10965¢ ¥T8 aungns a8re] 7 urede) 11°7%b1 ZNdVD
TSy €179 T6S6YTLLI=0YT9E0TLT 688¥85€/1 696 T ©19q PRIBADIE-JINY DSEUR U101 ] 1'12b1 VNI
91¢ 86 GLSTEGST650¥E88T §T956/8T 6%65T 67d uo1d Sunoerul-q1H05H ¢¢edy 6zd
uodrdnp suoordnp WosowoIyd pueq
U9MI9q OURISI(] %n_ pauey suordoy Uuo yoned0| drruen uondisag ‘wory) Juar)

‘syuaned ND/Q S0T Suoure sisd[eue [ YA SUTsn paisal souad €9 JO MITAIA0 UY *TV d[qRL, *V XIANIddY

[
(BN



Copy number variation in regions flanked by duplicons

‘%86 ST 100¢C ur ssed um\:yw elE —uu@ﬂ:vﬁd m:OU:&ﬂﬂ .Aﬁ —UMMENC UE.—OEUM uﬂu MO uwmu:UUkv& ﬁducu MJP .A:\Krcﬂm jou uon

-B[NO[BD) 049°F ST APMIs STY3 UT paisal Jou pue suodrdnp usamiaq pasifedo] siredaseq [[e Jo wns oy I, *dwousd urwny [e303 3 JO 045 7°G SA[quiasat sty T, °dq 88G 9G¢ GG ST Apnis sy ur paisay pue suodrdnp
MNEOmOEOuguwhuﬂm w—dOWOTuEOF— om1 :MUEvQ ﬂvvw:NUOA e uNJu m.ﬁﬁ&umwﬁ :N MO wns uﬁ—rﬁ .wF—OUz&.ﬂﬁu ﬁuudﬁv\—\mﬂuwm—:% Uﬂu Mﬁumwuﬁo ﬂquNUﬁ: J19Mm souag Umvﬂu n~OON uwﬂ%ﬂ/\n‘o HMNHQ MF—E\-O% uewngy uﬁ—u ur
T2A5MOY YDA Y} UT PAIEDO] 3 01 UMOWY MoU 2IE saual 35y T, -dworpuds dnp/[ap11bzg, sworpuds a4 16D, “aworpuds sruaSely g, -aworpuds uewppSuy, (A PPEIdq PWOIPULS SWEI[IA,
quﬂ:O\:UF—NAm F—OduuﬁuﬁOuUME (2} ﬁvudﬁuh mﬁomwuu uﬁ—u E_Jumg ﬂvvwﬂduoﬂ ARV —Uuumuu mMﬁOu& uﬂu MO wog .:OmuNEhva:m WMJH uo wvummn_ ST %Uﬁ—mm U‘O Numﬂ :OUM—Q:—U Ugu Se »ﬁOON umﬂm.ﬂ<
JO JyeIp SUDJIO\ UBWNE 33 UO Paseq st s0uanbas oy jo uonesieso] Y|, |, 77 42 A3[req £q ssed 1y € 38 pauyap suorda1 ur pareso] saduanbas £doo-aj3urs oyrads-uoxs Juisn paudisap a1om saqoxd oy,

A0qE 29§ 9T60LL1T—TLO0S6ET S%0.69TT LGT C oseuny 101d2021 u&bcou_uw g 1'z1bze gAY
240qe 232G 9T60LL1T-TLO0SGET 8€TT88S1 €666 7 2ud3 uor3a1 [eonud Sworpuds 3810001q  7'11bze Na'ollel
$$8 078 L 9T60LL1T-TLO0SGET 85€006¥ 1 €ph/c  PEpIpued ‘uordar awosowony sworpuds o618 ['11bzz L4DH
8€6 90/ 0$€9T/T9-T1¥61029 06768%79 6899 (pareper 1'Nd/1-1dS) 1010wy uonduosuen g-1dg  ¢e¢1bel q1dS
LLS[TLT 97$90079-6%68LT6S CSH9ITSI9 0L016 urar01d Sunoerarur aseyauds oprxo SN ¢¢°¢1b61 dISON
€9/ S0€ 1 0S€0£09%—/8SH9L¥Y TL6S16HY 116¥8 78¢ wmoid »8ug-ourz - z1¢1bel 9897114
69L ¥¥¢ 60967775 —078%01%S YILELTHS 88¢6 Josmooxd osedyy rerpypopuy 17 1zbg OdIT
865 #0T 1 81976£€1-070881C1 7899%1¢€1 €19¢ ¢ asereydsoydouow-(§ 10) [-(oLw)jonsou] 17 1481 VAT
616895 ¢C 99980€89—/¥/6£459 128901.9 6069 7xoq  7eeh/r ZxXq.l
€% 0.9 $9€9€/69-12199059 19%0£259 €1T1 ureyo £avoy unrey b/l 27D
€06 9T¥ T869%$€—6L00T1€ T€6497€ (544 asepfororredsy  zrerd/g VdSY
194726 1 €7C8986E—9LLSY6LE T1T€168€ 1€ eydye asejdxoqued v awAzua00-1£120y z1b/1 VOVOV
81CTLLT 69STTLECTSOGH6TE T9€8YSTE €9y utwoiqyoimaN  711b/1 IAN
240qE 938 6LT8%6LT—99T1LEST TLSTY61 €101 [ paonpur ppedoundy 7 11d/] AIVY
240qe 3G 6LT8%6LT—99T1LEST 1818€061 €ecs ¢ munqns xo[dwod QD suardvs owopy T11d/1 FESI0D
€10 245 T1 6LT8Y6LT—99TILEST SOV/L8L6T 6181 ¢ umoid Sutpuiq g 15 paren3ar Aeauswdopasg TI1d/I Fal el
80% 651 86ESEL06—0665L506 9TFSE906 8701 1 ur01d 1udtwdopPAdp [edejoTuRID 1°¢7bol 1dAHD
98/ 075 9 STHIIY68—6£9SH6T8 L1616868 8689 9SBIDJSUBIIOUIWE JUISOIA], TTbor IVI
2A0qe 232G T6ESTISE—6RISEEHT 911€9/81 078%5 ura101d Sunoeraiuy -s17 1r¢rdor [9AON
€57 064 0T T6ESTISE—6HISEEHT CSTS866T y115S ur101d [EUOINAN] 1'z1d9r NIRIAVN
€EC I8y € 1£/9€/88-8€7SSTSS €H679¢88 878¥ { urpawomaN (K49 NN
79/ 689 S SHOSHIIF—€8TSS65E 1£11068€ 850¥ aseuny auIsoIfy, 1¢1bgr LT
L0/ £TT 819/0507-1166470T +€96S161T LE€L v¢d 2sed1] uarord unmbiqn z1bgy Veaan
169691 ¢ €H669%61-T6THOEL] +S06/8/61 69% uIpoaN T11bgr MNAN
L0¥ 756 87E€180€5-1269T1TS 8€86T6TS 9869T 7 umoxd parenosse-uodpasso1d)) ¢p1ber zdv0D
0€0 079 S68660€L~5986LYTL 8/65567L 67€0T ¢ u01d duTIqUIDWISUEL], Tyibzl SWANL
aA0qe 295 TLIEETLY—SEC00LSY $£90899% L17097€ydZa31a up01d [eonaypod4y (ACIANASZ1 25704 (04
LLLTES T TLIEETLY—SEC00LSY 1€60085% (x4t [ updEII0) 71bz1 ININD
L08 6LL 89€CESTI-T9S€SL0T €8€50601 18¢%9  "dop eD 1oquow /5 Ajiwey urewop unoa] 2dA-5 verder TIASDATD
88% <61 919¢8¥151-8188T1S1 GECOETIST €980¢ J0s1mo21d UTWILOIMAN] ¢zbrr INH
EOUﬁaﬂ—u wﬂOU:&:_u OEOwOEOuJU ﬂﬁwﬁ
U22M19q DUBISI(] Aq pasjuey suoidoy Uo uonedo| dreuen uvondsaq woryD) Quan)

79



Chapter 2

- 8916607 3521EN 195€7468 €979 [ urnpowye) 11°7€by1 INTVD
€59 06T ¥ 99¥96807-€ 1859991 6690561 108 [ Y2eap [[22 1suree 1opuaja(] T11by1 ava
- TEEQTLFY Is218N 905956011 €091 zg-unydyg pebet TINAA
%o:wmumu_u

— TEE8T /9 121N 6610/%901 8%61  aredar JuspoI Sunuowoa[dwos-sso1o 1redar uorsxy 1°¢¢ber SOOI
658 8/€ 6T 1269T175-9908% 4T L9¥S€69€ €07 [puuEyd uoned enuiod 101da0a1 JudIsuEL], 1T%1beT FOdYL
-_ mmwmmomh umuumuz Nhh@m 1 mwﬁ MNNN QMBOHQ oﬁmuLEuE u—oﬁo> ﬁBwOU T m.%NTNM VNmN\/Nww
€8% 0£9 ST €9€/118€-0889%HT1 SEPHIS0T 65601 un01d -dosse-unoy ¢zidzn EYddYD
2A0qe 9§ 87188TIST—€TESTEOTT €T6SEOHYT 199¢6 101d291 opned uonrugooar [eudig TyebIT ALAS
G08 656 0 8TI8STISI—ETELTEOTT £69LT%ET ¥€L9 [ ureyory ¢erbrr INDYY
- 1££9/9€ 3918aN 615649 6¥TSS u01d parerosse XX ¢erdin TVDOH
- 1670998 3s21E9N] L08FEYSEL (92 ¢ V1 Aueyqns ‘uo1d 128uy-oury 71'97bo1 SASYOId
- C8%9%$801 Isa1EdN] 170€7€ 171 9/£%9 up101d SurpuIq-urxeIudg ¢1%¢be [d9XLS
- C8%9%$801 Isa1EIN] 0€615L9%1 7189 [ $15019]2s snoiaqn], ¢1%¢be 1081
- C8H9FC80T IsdTeaN ¥,6T600€1 8YTL % 101dadar ay1[-[[o], 1'¢¢be PATL
- LGEETSLE 15918 756TT8S 660/ T puedy [ yreoap [[9> powwei3ol] 1'y2d6 z1ad
- LGEETSLE 15918 £TT89161 08€08 T M7 urewop-¢HS zede ZTOEHS
¥/S 88691  SETISHSSI—199T6VSET 9CETLO8H 9659 10 dseun] [ox4[3lel ceby oa
CC8 %01 ¢ 8/C8TSTE—CTLETLL YILI6LIT 916 aseuaBorpAyap HAVN ¢1zds FYANAN
Y01 $2T L8 GTOL6LIGI—ST6TLSHOT 8€70TEGIT L69% 10ssarddns moumy, 1°6zbg ISIVT
- 86505887 3521BIN TTLYT8LT €116 rfuowmn( ¢zzdo il
TL0LS899  989€90681-5199077T1 €961606.1 0TLE 101d2021 ygyDH yebg IVIgYD
09€ 00T 61 20$90$07-TH190€1 €T61%70T $¢¢z  u01d [eUSIS PaYOENE-OUBIqUISW JUEPUNAE UTEI] 1s1dg 1dSV]
240qe 9S  7€6680L07-61SHTT8S] 979590€0¢ 60%01 ur01d “o0sse-urunoy 1¢¢by d1V
€1y C98 8%  TE€6680L0T-61SYTT8ST 960/£7061 S6TLT ¥ 1015€) feriopy ['y¢by PAION
240qe 23§ 8CI191€TT-50$99TH0T LSETLOYIT ¥€601 UIEISOIBWOG ¢ LTbe LSS
€C9%68 81 8SI191€TT—S0S99TH0T ¥7971890CT 0529 UOTIEPIEIDI [EIUDW X O[1Be1] ¢¢rorbe 14X
— mmNOON~0 uwuu.mwz thomeN Nwow %:Emmn_jw uOu&uuvu uwo_uﬁz ﬁmNn—m NUNNN\/\
240qe S €8€T6LTHT-1869€LLE1 €6TE€9TYT 781L asermsarpoydsoyq 12¢bz a9qad
0¥ $S0 SOT  €8€T6LTHT-1869€LLE1 99T1057E€T iats Aqrurey ured-guof aseayiuds Yoo -1y cebz IOV
9H6STOTE I59TEIN 19€5780¢ 8y 1% ¢ une 1'yzde NIV

suoordnp

Jsareau ﬁuwguwﬂ wEOU_—ﬁ—ﬂﬁ QEOWOEO.-JU ﬁﬁwﬁ_

Ooﬂﬁuwma u—ummuﬂo wﬂomwu.— ?EUHGM uo EO_HNUOA ﬁ:u:uu Gcmu&thwmQ .EO.—JQ uﬁow

*suod1[dnp 9y 9pISINO PIsI[Ed0] saUAF Pa1do[as-uonduny SurureIuod s2qoid ¢ Jo MITAIA0 UY "1 d[qe]. *g XIANTdIY



Copy number variation in regions flanked by duplicons

‘suooridnp

—NEOmOﬂEOHJUNhu:_ mﬂOMOTUEOJEOE oml :uuguuﬁ wvum:NUO— jou are umur—u se nﬂomuwﬁﬂuﬁmu md_{—u ur —UMﬁaﬁUFj jou are mﬁvzu OEOmczuOuJU UJH e m:OMMUH UJ.H. .UEOEUM ENESJ —NHOH Uﬂu MQ QomwN muﬁﬂauwu‘m wﬁﬂrﬁ.

*dq 86¢ 901 %€/ st suodrdnp [ewosowoIyoEnUT SNOFO[OWOYUOU 1SIBIU 0OM] U2IMII] PasI[ed0] a1k et sitedaseq [[e Jo wns ay T, "0 ISNSNY JO Jerp Sunjiox UBWNE] SY3 UO Paseq aIe BIep sy [,

- 08TT6TTI 321eN 795€608¢ 1216 ur101d [[20 dfunym g TTebIT FdOd
991 G€T 61 0S€9S 187 F8I1T68T (47435484 GEECITIS [ ewured ) asedrjoydsoyq z1boz ID0Td
L8V ¥¥9 ¥ £€80LEL9~05€9TLT9 86LILEY9  ¥¥BOTSELS 1oured wosny (yzd) €401 yee1be1 LdAL
1€509¢ ¢ 6Y68LT65—8TH816£S 08S8%1.S 8S8¥¥¥86T T U9BnUE [ENUdA [E2130[00U0-0IMaN] 1¢°€1b61 CVYAON
L9€ %69 9 L1LY9/.TS—05€0L09% 908%01.LY €618868% oyads emau ta8uy-oury zre1ber PANAN
099 THS 91 L8SY9LYH—/LT61TT8T CIV/LE8LE GT/8C618 10108 Sunempow uonduosuely, z1bs1 dWy
SA0qE 99§ £TSTS0LT—0T88TI91 99.%.9% €86£8%58 aseuny ur101d SUIU0aIY1/2ULISG 11°¢1de1 LSS
L0L €T6 01 £TSTS0LT—0T88TI91 8€STIV61 7S8%80601 ¢ Sojowoy yo10N] rerden SHOION
- 16129911 1521EaN 1€8%0101  80601$T/8 asera1sa 381es AyredomoN ¢¢1det AIN
9/8 €76 91 S8YECLET L6096 1% S 69€058LS 0€91£86¢£8 BUWIOUTDIED [B15210[0D UT Paid[a(J T 17bg1 o0d
SA0qE 29§ 0¥8%01%S—819C6€€T CHELIEST 0€91 uLypen) zTibgr CHAD
CTTTIL Oy 0%87017S—819C6€€1 698LL50T €69%90001 uadnue vuuwMuommw-wEOLmEb [[99-], snoaueiny 1'11b81 [-IDV.LD
- 8590500/ 352TedN] /€08600Z 1807€69%9 Surjreusts snapnu 01 winjnonai oSrwse[dopuy c¢crb/1 INYT
TE9 THS 8 SLITTH8Y—€H58986€ T10T695LY 0497180C ur101d S1p1oe ATefuqy [eno 1¢°12b/1 dVAD
- TSTOTH90T 3s2T8aN] €971$6901 [q9e] apndad4jod eyde g¢¢-q aworydo1so0ae]g ¢'Hrbo1 VaiD
- 781015901 151N 7€1780L01 6181097 1os1ma1d asereydns-g-ourwesordeed[£190e-N ¢y7bo1 SNTVD
€66 06T 71 16€996%01-86£5€L06 ¥99¢6.L%6 $60%8857  2u2800u0 EWOdIESOIqY dnOIMauodEo[nIsN Jew-a 1°¢zbor AVIN
2A0qE 22§ 6£9SH678-LE€9098¢ £960T06L ¥80L¥60% ASBUD| QUIPIWAY) [ELIPUOYDOIA 1'7zbot [2'A
2A0qE 25§ 6E9SHET8—/EE9098E 9871€959 CIEPHR0L a3eaeap uadeyjoo ‘oseurarordoferapy zzibor ZANIN
70€ 6€€ ¥ 6£9SH678~LE€9098¢ 98CS6TLS LLYIETEY [01U02 9P [P IR4LE) THVIS
€T1980 01 O ISEEYT—9T06YTH TTT09L0T C€LESLLYY asenwouurwoydsoyq zerdor TIWINd
8T€ 65691 660969S50T—TLL9EL8S SL6TIE96 6686€LES ur101d sp1soa ondeuds 1'9zbgt qcAs
198 116 6 8C€TCSTS8—LLEEYESL ¥TL6986L 878¥6686 2seua30IpAYap 21en10s] ¢Hbel VEHAI
9A0qE 39§ 8G6790TL—1LT6ILTY £190991L 6I¥¢ Y/ SSEPIUTWIESOXS ¢Tbgr VXAH
£89 €%€ 6T 8C6790TL—1LT6ILTY €¥8/698¢ €L0¢ 1 X0q peapIog TTebsr 19X04
Yaaraas 20T0LY0€—SL6EYT8T LTST8E6T €20LT 101dooar surpouey y1bg1 (25078
suoordnp
1S2IBIU UIIMIDq suoorgdnp suwrosouroxyd pueq
ouEIsI(] apisino suorgar [eararuy uo UoNEd0 rruen uondiosa(q woryD) suan)

81



Chapter 2

82



