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The term ‘genomic disorder’ refers to a disease that is caused by an alteration of the genome that results in
complete loss, gain or disruption of the structural integrity of a dosage sensitive gene(s). In most of the
common chromosome deletion/duplication syndromes, the rearranged genomic segments are flanked by
large (usually >10kb), highly homologous low copy repeat (LCR) structures that can act as recombination
substrates. Recombination between non-allelic LCR copies, also known as non-allelic homologous
recombination, can result in deletion or duplication of the intervening segment. Recent findings suggest
that other chromosomal rearrangements, including reciprocal, Robertsonian and jumping translocations,
inversions, isochromosomes and small marker chromosomes, may also involve susceptibility to
rearrangement related to genome structure or architecture. In several cases, LCRs, AT-rich palindromes
and pericentromeric repeats are located at such rearrangement breakpoints. Analysis of the products of
recombination at the junctions of the rearrangements reveals both homologous recombination and non-
homologous end joining as causative mechanisms. Thus, a more global concept of genomic disorders
emerges in which susceptibility to rearrangements occurs due to underlying complex genomic
architecture. Interestingly, this architecture plays a role not only in disease etiology, but also in primate
genome evolution. In this review, we discuss recent advances regarding general mechanisms for the
various rearrangements of our genome, and potential models for rearrangements with hon-homologous
breakpoint regions.

INTRODUCTION

Genomic disorders previously have been defined as disorders in
which the clinical phenotype is a consequence of abnormal
dosage of a gene(s) located within a rearranged segment of the
genome (1-3). This group of disorders is distinguished from
conventional Mendelian disease in that the phenotype does not
result from a point mutation, but rather from larger alterations
of the genome. These alterations include deletions, duplica-
tions, inversions and translocations. Such rearrangements occur
via recombination mechanisms whereas point mutations
usually result from DNA replication or repair errors. The
number of recognized genomic disorders continues to expand,
with the recent additions of Sotos syndrome (SoS), split hand—
split foot malformation 3 (SHFM3), and Kabuki syndrome
(KS) (4-06).

Chromosome rearrangement breakpoints have been located
throughout the genome; however, they predominate in the
pericentromeric and subtelomeric regions, particularly in
intervals containing complex genomic architecture, such as
low-copy repeats (LCRs) or AT-rich palindromes. Non-allelic
homologous recombination (NAHR) is usually the mechanism
responsible for rearrangements with breakpoints clustering in
LCRs. Other mechanisms such as non-homologous end joining
(NHEJ) have been observed (7), particularly for rearrange-
ments with scattered breakpoints (Fig. 1). Nevertheless,
regardless of recombination mechanism, genomic architectural
features have been associated with many rearrangement
breakpoints. This suggests that chromosomal rearrangements
are not random events, but result from predisposition to
rearrangement due to the existence of complex genomic
architecture that may create instability in the genome.
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Figure 1. Mechanisms of genomic rearrangements. Two primary recombination

mechanisms, NAHR (blue) and NHEJ (red), are shown. Features associated
with NAHR or NHEJ are shown in blue and red, respectively.

RECURRENT REARRANGEMENTS RESULTING
FROM LCR-MEDIATED NAHR

NAHR is the most common mechanism underlying disease-
associated genome rearrangements. LCRs, usually on the same
but sometimes on different chromosomes, can act as substrates
for NAHR. NAHR between LCRs in direct orientation on the
same chromosome results in reciprocal deletions and duplica-
tions, whereas NAHR between LCRs in inverted orientation on
the same chromosome results in inversions. NAHR also can
occur between LCRs located on different chromosomes,
resulting in reciprocal translocations.

LCRs are usually 10-500kb in size and >95% identical (2).
NAHR between LCRs results in a clustering of rearrangement
breakpoints within the LCRs, allowing detection of a rearrange-
ment-specific common junction fragment by pulsed-field gel
electrophoresis (PFGE) analysis. These junction fragments are
key to narrowing the strand exchange interval and uncovering the
precise recombination mechanism in recurrent rearrangements
(8-12). Previous PFGE and sequencing studies on Charcot—
Marie—Tooth disease type 1A (CMT1A) and hereditary neuro-
pathy with liability to pressure palsies (HNPP) revealed a 557 bp
recombination hotspot within 24kb LCRs (CMT1A-REPs) in
patients with either the CMT1A duplication or the HNPP deletion
(13-15). Evidence for gene conversion between the CMTI1A-
REPs was observed, and a mariner-like transposable element was
identified near the hotspot, along with evidence for a double
strand break (DSB) mechanism (13—15). A 2 kb hotspot contain-
ing a chi-like sequence also was identified within the neuro-
fibromatosis type 1 LCRs (NF1-REPs), along with evidence for
gene conversion (16). A model in which cis-acting sequences
stimulate increased potential for double strand breaks was
proposed as the etiology of the observed preference for strand
exchange within the LCRs, and prompted further studies of the
crossover sites in other NAHR-mediated rearrangements (13—16).

As was demonstrated with CMT1A/HNPP and NF1, recent
work on Williams—Beuren (WBS), Smith-Magenis (SMS), and
dup(17)(p11.2p11.2) syndromes, and Y chromosome deletions

associated with azoospermia and male infertility provide
further evidence of a positional preference for strand exchange
within LCRs, despite several hundred kilobases of highly
homologous (>98% identical) sequence (17—19).

In a study of 30 WBS patients with a common 1.55 Mb
deletion of 7q11.23 between centromeric and medial WBS
LCRs (each composed of blocks A, B and C), breakpoints were
found to cluster in block B (~143 kb), which has the highest
sequence identity at 99.6% (17). Microsatellite analysis of
recombinant B blocks in 19/30 WBS patients revealed that 7—
12/19 (37-63%) recombinations occurred in a 12kb region
within the GTF2I/GTF2IP1 gene, representing only 11.4% of
the total sequence of block B (17). Interestingly, it was found
that 11/30 (37%) of the WBS patients studied harbored an
inversion between B blocks of the medial and telomeric LCRs,
which are inverted with respect to one another. Additionally, in
a larger sample, 21/74 (28%) of the transmitting progenitors
were heterozygous for an inversion between centromeric and
telomeric LCRs. Sequence analysis of block B revealed the
total percentage of repetitive elements to encompass 49.7%
of the block, which is significantly higher than the average
34% predicted for DNA with similar GC content (20).

Analysis of large deletions of the Y chromosome [including
azoospermia factor b (AZFb) and AZFc loci] associated with
spermatogenic failure has shown that large palindromes on Yq
(named P1-P5) serve as substrates for NAHR (19,21). In a
study of 11 Yq deletions, 10/11 (91%) of proximal breakpoints
clustered within 30kb of the center of P5, and 11/11 distal
breakpoints clustered within 25kb of either of two mini-
palindromes within P1 (19). Four deletions were found to be
a result of NAHR between two copies of a 933 bp sequence
located within the palindromes (19). An additional deletion
occurred via NAHR between a second set of the 933 bp
sequences, also located within the palindromes. Although 7/9
(78%) of the deletions for which junctions were sequenced
were due to NAHR, two of the deletions had no homologous
sequence at the junction, despite three of the breakpoints
mapping within the proximal and distal recombination hot-
spots (19). This suggests that a non-homologous recombination
mechanism stimulated by the palindromic structure may be
responsible for generation of these latter deletions.

In the case of SMS/dup(17)(p11.2p11.2), the same positional
preference was identified for the strand exchanges resulting
in either deletion or duplication (18), demonstrating, as had
been done for HNPP/CMTI1A (14,15), the reciprocity of the
crossover event. A study on patients with the common SMS
deletion or dup(17)(p11.2p11.2) revealed clustering of break-
points within the KER (keratin) gene cluster of the proximal
and distal SMS-REPs (18). Analysis of 16 somatic cell hybrids
showed that 50% of the recombinant junctions occurred in a
12 kb region within the KER gene clusters, despite 170kb of
high similarity (>98% identity) between the proximal and
distal SMS-REP copies. Sequencing of this hotspot in seven of
the recombinant SMS-REPs further narrowed the crossovers to
an 8kb interval. Four of the seven breakpoints occurred in a
1688 bp region rich in polymorphic nucleotides, potentially
reflecting frequent gene conversion. Genomic Southern
analysis of 27 SMS patients revealed a junction fragment in
four additional cases, corresponding to crossovers in a 6.9 kb
region of the 12kb hotspot, totaling 5/34 (15%) of SMS
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patients with crossovers in this interval (18). Patients with the
common reciprocal duplication were also analyzed by Southern
analysis, and 3/13 (23%) of the cases studied had strand
exchanges that occurred in the 12kb hotspot within the KER
gene cluster, documenting reciprocity at the strand exchange
level. Sequence analysis of the SMS-REPs identified an AT-rich
2.1kb inverted repeat near the 12kb hotspot, which could
mediate a hairpin loop formation, potentially predisposing to
DSBs (18).

LCRs and palindromes are also implicated in recurrent
somatic rearrangements, such as idic(17q), the most common
chromosomal rearrangement observed in neoplasia (22). The
breakpoint of the idic(17q) chromosome is located in a
complex LCR consisting of five segments of ~40kb each in
17p11.2, two of which are located in a palindromic structure
(22). There is also evidence for potential involvement of LCRs
in the genesis of the Philadelphia chromosome t(9;22) (23).

INVERSION POLYMORPHISMS MAY
PREDISPOSE TO FUTURE REARRANGEMENTS

Several inversion polymorphisms have been identified in
association with genomic disorders. The inversions occur via
NAHR using LCRs that are positioned in the genome in an
inverted orientation, as substrates for recombination. In
addition to the inversion associated with WBS, 4/6 (67%) of
mothers of Angelman syndrome (AS) patients with class II
(BP2/3) deletions and 4/44 (9%) of control subjects were found
to carry a heterozygous inversion of the same region deleted
in AS patients (24). Likewise, inversions between olfactory
receptor—gene clusters in 4pl6 and 8p23 recently have been
shown to mediate the recurrent t(4;8)(p16;p23) (25). In this
latter case, inversions of both 4p16 and 8p23 were identified in
5/5 mothers of translocation carriers, as well as in 2.5% of
control subjects. Inversions of 4p16 and 8p23 were detected in
12.5 and 26% of control subjects, respectively (25). In patients
with KS, a BAC probe located just distal to the duplicated
segment within 8p23 showed an inverted signal in 6/6 of KS
patients and in 2/2 of the KS patients’ mothers (6). In a control
population, 1/20 (5%) of individuals carried a larger inversion
of 8p22-8p23.1, that contained the BAC inverted in KS
patients (6).

The presence of an inversion between LCR copies may
stimulate aberrant recombination between chromosomes or
chromatids, resulting in the aforementioned deletions, duplica-
tions and translocations. Given the prevalence of such
inversions in the normal population, it appears that a minority
of individuals may be at a greater risk of having children with
genomic disorders.

DERIVATION OF LCRS, THE SUBSTRATES
FOR NAHR

The implication of LCRs in disease-associated rearrange-
ments is growing, as novel LCRs are identified at breakpoint
sites throughout the genome (4,26,27). LCRs (also known as
segmental duplications or duplicons) result from segmental
duplications of the genome and may represent genes,
pseudogenes, gene fragments, repeat gene clusters and other
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chromosomal segments. The genome-wide frequency of LCRs
(>1kb; >95% identity) has been estimated, by computational
analysis, at 5-10% (28). However, they are unevenly
distributed, with clustering in particular regions of the genome,
such as pericentromeric and subtelomeric areas. Recent
analysis of proximal 17p revealed that LCRs constitute
>23% of the 7.5Mb genome sequence analyzed in that
interval (27). Interestingly, several of the LCRs went
unidentified until patient deletion breakpoints were mapped
by FISH, and the sequences at the breakpoints analyzed. This
suggests that additional as-yet-unidentified LCRs may exist
throughout the genome, and may only be revealed through
focused studies of the sequence surrounding rearrangement
breakpoints.

The generation and structure of LCRs appears to be
associated with Alu elements. Alu sequences have been
identified at the junctions of genes/pseudogenes within LCRs
on 22qll (29). An additional study of the junctions of
segmental duplications across the human genome revealed a
highly significant (P < 0.0001) enrichment of A/u sequences
near or within the junctions (30). Intriguingly, the Alu elements
at the junctions showed higher levels of divergence, consistent
with Alu—Alu-mediated recombination. This Alu enrichment
was due exclusively to the younger subfamilies AuY and
AluS, whereas the oldest primate subfamily, 4A/ulJ, showed no
enrichment (30). This discovery lead to the proposal that the
primate-specific burst of Alu retroposon activity (35—40 million
years ago) sensitized the ancestral genome for Alu—Alu-
mediated recombination events, that, in turn, might have
initiated expansion of gene-rich segmental duplications and
their subsequent role in NAHR (30). LCRs have >95%
sequence identity, suggesting they have evolved over the last 35
million years, consistent with the high level of 4/u enrichment
occurring at the same time (31). Interestingly, essentially all of
the LCRs involved in genomic disorders, that have been
examined to date, have evolved as segmental duplications
during primate speciation (32).

NON-RECURRENT REARRANGEMENTS
ASSOCIATED WITH OTHER GENOME
ARCHITECTURAL FEATURES

In addition to recurrent rearrangements, non-recurrent rearran-
gement breakpoints are also associated with LCRs. A study of
unusually sized interstitial deletions and reciprocal transloca-
tions involving proximal 17p showed that 21/33 (64%) of
deletion breakpoints within 17p11.2 occurred in LCRs,
whereas only 1/8 (13%) of translocation breakpoints were
within an LCR (27). However, 5/8 (63%) of translocation
breakpoints in this region occurred either within or immedi-
ately adjacent to the centromere. Interestingly, 4/8 (50%) of
partner chromosome breakpoints mapped within the most
telomeric sub-bands (27). Recently, a constitutional jumping
translocation between donor chromosome 21q21.3-qter and
recipients 13qter and 18qter was reported in which a novel
550 kb complex LCR flanked the 21q breakpoint (33).
Translocation breakpoints also cluster in the LCR22s in the
DiGeorge/Velocardiofacial syndrome (DGS/VCEFES) region in
22q11.2 (34,35). The recurrent t(11;22)(q23;q11) breakpoint is
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mediated by double strand breaks in AT-rich palindromes on
both chromosomes 11 and 22 (34,36,37). In addition, Spiteri
et al. (35) mapped 8/14 (57%) of non-recurrent translocation
breakpoints involving 22q11.2 within LCR22s. All 14 partner
chromosome breakpoints were located in the telomeric bands
(35). Additional t(17;22), t(4;22), and t(1;22) breakpoints were
also mapped within an LCR22, and palindromic AT-rich
repeats (PATRRs) were found at the breakpoints on the
derivative chromosomes, suggesting a stem—loop structure
formation (38—40).

The breakpoints of the most common constitutional recurrent
marker chromosomes, deriving from chromosomes 15 [inv dup
(15)] and 22 [inv dup (22)/cat eye syndrome], are also
associated with LCRs and sometimes the centromere (41-43).
Non-recurrent marker chromosome breakpoints predominate at
or near the centromere, and a recent study showed a marker
chromosome derived from 17p11.2 had breakpoints within an
LCR and the centromere (44). The involvement of the
centromere may be due to the variation in condensation of
the heterochromatin, which may create instability. These
data provide evidence that genomic architecture other
than LCRs, such as centromeres, pericentromeric repeats,
and telomeres, may be involved in the origin of both
non-recurrent and recurrent rearrangements. However, nucleo-
tide sequence of most non-recurrent recombinant junctions,
and therefore the mechanisms by which they occur, have yet to
be elucidated.

NON-HOMOLOGOUS END JOINING

LCR-mediated NAHR does not explain all cases of genomic
rearrangement. Several genomic disorders are associated with
rearrangements whose breakpoints do not cluster within LCRs,
but often occur within apparently unique sequence. Sequencing
of deletion junctions in the dystrophin gene associated with
Duchenne muscular dystrophy (DMD) showed a scattering of
breakpoints throughout the gene, with A/u and long tandem
repeat (LTR) elements present at 3/10 (33%) of breakpoints,
and unique sequence located at the remainder (45). The
sequence TTTAAA, known to be able to curve the DNA
molecule (46), was found at or near three of the junctions
studied. Taken together, these data suggest a NHEJ mechanism
of deletion formation, possibly stimulated by DSBs in the
curved DNA structure.

Studies of the products of recombination in three patients
with different sized PLP1 deletions in Xq22 implicated NHEJ
as a causal mechanism. Sequence analysis of three deletion
junctions revealed no homologous sequence at the breakpoint
junctions; however, two of the distal breakpoints were
embedded in a novel 32kb LCR, termed LCR-PMDB (26).
In both cases, a sequence of either 12 bp or 34 bp of unknown
origin was located at the deletion junction, which is common
to rearrangements generated via NHEJ (Fig. 2). Additionally,
duplications of the same region in Xq22, which are more
frequently observed in patients than are deletions, also vary
in size and have scattered breakpoints (47,48). Sequencing
of the duplication junction in three patients with different
sized duplications localized the telomeric breakpoints within
different repetitive elements, L1PA7, AuSp, and L1IME3B
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Figure 2. Generation of deletion rearrangement by NAHR and NHEJ. The sub-
strates and products of recombination are shown. NAHR (left), utilizes two
non-allelic LCRs (A and B) as substrates for recombination. The LCRs are
depicted as blue rectangles, due to high homology, but are different shades
of blue, signifying the few cis-morphisms, or paralogous sequence variants, that
distinguish them. LCRs A and B, directly oriented (shown by arrows) misalign,
and subsequent homologous recombination results in a deletion with a single
recombinant LCR, shown as a two-tone blue rectangle. Restriction enzyme con-
sensus sequences (cut sites) are depicted as vertical lines on either side of the
recombinant LCR, with deletion of the consensus sequence between the two
substrate LCRs. Digestion using this enzyme results in the isolation of a recom-
bination-specific junction fragment, shown below. NHEJ (right), utilizes two
non-homologous sequences [red rectangle (A) and green oval (B)] as substrates
for recombination. The two sequences are joined via NHEJ, with deletion of the
intervening fragment. Additional bases (NN...NN) are added at the deletion
junction.

(Fig. 1) (49). One of these breakpoints was mapped in an
X-chromosome specific LCR-rich region; however, there was
no homology between the centromeric and telomeric break-
point flanking sequences (49). The presence of LCRs and A/u
elements at some of the breakpoints indicates that genome
architecture may stimulate, but not necessarily mediate, non-
recurrent rearrangements (27).

Recently, breakpoint mapping studies of 60 deletions
involving 1p36 (43 terminal, four interstitial, three complex,
and 10 derivative chromosomes) revealed a scattering of
breakpoints throughout the distal 10.5 Mb of chromosome 1p,
with no common breakpoints (50). Somatic cell hybrid analysis
of three of the terminal deletions demonstrated that one
deletion was stabilized by telomeric repeat sequences and
two deletions were associated with cryptic interrupted inverted
duplications at the end of the chromosomes (51). Sequencing
of the breakpoint junctions of these two deletions revealed a
structure identical to chromosomes that have gone through
breakage—fusion—bridge (BFB) cycles in which uncapped sister
chromatids are fused by NHEJ (52,53).

NHEJ also may be responsible for the recently identified
duplications of 10q24, associated with SHFM3 (5). Seven
patients with SHFM3 were found to have a ~0.5Mb
duplication, with proximal and distal breakpoints clustering
within 130 and 80kb regions, respectively (5). Although the
duplication breakpoints cluster, as would be expected if NAHR
occurred, there is no evidence (as of build 34 of the human
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genome) of the presence of LCRs at the breakpoint regions.
An increased density (20%) of Alu elements was observed in
both breakpoint regions, although sequence analysis of the
breakpoint junctions in two patients did not detect any Alu
elements within 50bp of the junctions (5). This observation
suggests that NHEJ, possibly mediated by the abundant repeti-
tive elements, may be responsible for these rearrangements.

MOLECULAR DIAGNOSIS OF
GENOMIC REARRANGEMENTS

During the last two decades, technology developments have
enabled a higher resolution analysis of the human genome. The
diagnosis of genomic rearrangements has seen a shift from
cytogenetic techniques such as G-banding to locus-specific
fluorescent in situ hybridization (FISH), chromosome painting,
and telomere FISH (54). PFGE, used to detect a rearrangement-
specific junction fragment for common rearrangements, is now
considered time and labor-intensive compared with new
technologies. Recently, array-CGH using BAC and PAC clones
has been successfully used to identify genomic deletions and
duplications (55-58). This technology is higher throughput
than FISH and PFGE, and may be especially useful in
identifying new genomic disorders, or in detecting submicro-
scopic rearrangements not visible by routine chromosome
analysis (59). The array-CGH technology may also detect
reciprocal duplications of common microdeletions, which are
presumably under-ascertained due to the mild degree or lack of
appreciable phenotypes. Although the reciprocal duplications
are expected to occur at the same frequency as deletions, only
CMTIA/HNPP, SMS/dup(17)(p11.2p11.2) syndrome, DGS/
VCFS and the newly described dup(22)(qll1.2q11.2) syn-
drome, and Y chromosome AZFa deletions/duplications have
been identified as reciprocal deletion/duplication syndromes
(9,12,60,61).

GENOME REARRANGEMENTS AND
PRIMATE EVOLUTION

Genomic architectural features such as LCRs and 4/u elements
have evolved only recently in the primate lineage. Comparative
genomic analysis between humans and chimpanzees, our
closest ancestor, has shown 98.8% identity (62). Karyotype
analysis of the respective genomes reveals tremendous
similarity; several chromosomal rearrangements (nine peri-
centric inversions and an acrocentric fusion) have occurred that
define the human karyotype (62,63). The role of genomic
architecture in these rearrangements is apparent, as both the
evolutionary t(4;19) translocation in gorilla and two pericentric
inversion breakpoints in chimpanzee have been localized to
LCRs in the orthologous chromosomal regions (64—66). In
addition to karyotypic differences, smaller indel events appear
to be a major source of variation between the primates (67,68).
Thus, it seems that the driving force of evolution may be
genomic rearrangements rather than single nucleotide changes.
This is supported by genomic disorders, as the rearrangements
of our genome are apparent from generation to generation.
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POTENTIAL MECHANISMS FOR
REARRANGEMENTS ASSOCIATED
WITH DISEASE

Rearrangement breakpoints are associated with LCRs far more
frequently than would be expected if the rearrangements
occurred randomly. Despite large stretches of high sequence
identity, it appears that ‘hotspots’ exist for the majority of the
crossovers that occur within LCRs (13—19). Previous work has
shown that positional preferences also exist for allelic
homologous recombination, resulting in transmission of
haplotype ‘blocks’ (69). Taken together, these data suggest
that both allelic and non-allelic recombination possibly may
take place at the same hotspots throughout the genome,
wherein programmed DSBs occur and initiate recombination in
meiosis. Resolution of Holliday structures formed between
non-allelic LCR copies could result in rearrangements or gene
conversion events. The latter could potentially be responsible
for increased polymorphic variation at crossover preference
regions or may further homogenize LCRs (70). Additionally,
meiotic recombination is known to be elevated near telomeres,
possibly suggesting a role for the frequent involvement of this
region in rearrangements (71,72). In mammalian cells, inter-
stitial telomeric sequences (also present in humans) (73) have
been shown to increase rearrangements by up to 30-fold (74).

The positional preference for strand exchange seen in NAHR
may suggest the presence of additional architectural features at
the hotspots that make the region more prone to recombination.
AT-rich palindromes are located near several of the hotspots,
suggesting that a predisposition to DSBs may possibly
influence the location of strand exchange (18,34,38,39). In
support of this, studies in mice have shown that large
palindromes in the germ line are extremely unstable and
undergo stabilizing rearrangements at frequencies up to 56%,
often through deletions (75-77). Elevated gene conversion
events in and adjacent to the palindromes were also
documented (76,77). Palindromes and other sequence features,
such as triplet repeats, are able to form hairpin structures,
potentially exposing DNA to an increased frequency of
spontaneous DSBs and subsequent rearrangements, as seen in
mammalian cells and patients with either Fragile X or Jacobsen
syndromes (Fig. 2) (78-83).

Other potentially cis-acting elements such as a mariner
transposon-like element, minisatellite-like sequences, and chi-
like sequences have been identified near the CMT1A/HNPP
and NF1 hotspots (Fig. 1) (13,14,16). These sequences have
not previously been implicated in human recombination events,
although it is possible that their presence also increases the
likelihood for DSBs, which then must be resolved by patch
repair and heteroduplex resolution, potentially within the
hotspot (13,84). These same architectural features may be
associated with rearrangements resulting from NHEJ, which
are thought to be initiated by DSBs. Few NHEJ recombinant
junctions have been studied at the nucleotide sequence level,
thus further investigations of the sequences near scattered
breakpoints are warranted.

Rather than a cis-acting nucleotide sequence stimulating
recombination, another possibility for the positional preference
of crossovers associated with rearrangements is a constraint on
access to the DNA because of the chromatin structure of the
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region. An open chromatin structure may expose DNA to DSBs
or other damage, that is then repaired in an aberrant fashion,
yielding rearrangements.

The group of genomic disorders has evolved to encompass

not only deletions, duplications, inversions and translocations, 13.

but also somatic rearrangements associated with malignancies.

The aforementioned investigations have shown that the
majority of genomic rearrangements are not random events, 14
but in fact represent potential mechanical errors inherent in the
maintenance of a genome complicated by complex architecture.
Perhaps the same genome flexibility that has enabled us to
evolve relatively rapidly also makes us as a species more |5
susceptible to rearrangements associated with disease.

16.
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