
 
 

doi: 10.1159/000245903  

 
 
 

Satellite DNA in the Karyotype 
Evolution of Domestic Animals – 
Clinical Considerations 

 
 

F. Adega H. Guedes-Pinto  R. Chaves 
 

Institute for Biotechnology and Bioengineering, Centre of Genetics and Biotechnology, 
University of Trás-os-Montes and Alto Douro, Vila Real, Portugal 

 
 
 

Key Words 
Genome restructuring   Karyotype evolution   Satellite DNA 
Satellite DNA in clinical conditions 

 
 
 

Abstract 
Eukaryotic genomes  contain far more DNA than needed  for 
coding proteins. Some of these additional DNA sequences 
comprise non-coding repetitive DNA sequences, mostly sat- 
ellite DNAs and also transposable elements usually located 
at the heterochromatic  regions of chromosomes. Satellite 
DNAs consist of tandemly repeated DNA sequences inhabit- 
ing the mammalian genome, typically organized in long ar- 
rays of hundreds or thousands of copies. Different important 
functions have been ascribed to satellite DNA, from the im- 
perative centromeric function in mitosis and meiosis to the 
recent discovery of its involvement  in regulatory functions 
via satellite  transcripts. Moreover, satellite  DNAs, among 
other repetitive sequences, are believed to be the ‘engine’ 
triggering mammalian genome evolution. Repetitive DNAs 
are, most likely, the genetic factors responsible for promot- 
ing genomic plasticity and therefore higher rates of chromo- 
some mutation. Furthermore, constitutive heterochromatin 
regions are thought to be ‘hotspots’ for structural chromo- 
some rearrangements. A considerable collection of evidenc- 
es places these sequences  in the landscape of mammalian 
evolution. However, the mechanisms that could explain how 

this alliance between  chromosome  evolution and satellite 
DNA is made  are  still enigmatic  and  subject  of debate. 
Throughout the mammalian taxa, different patterns of chro- 
mosome evolution have been widely registered  from het- 
erochromatin  additions/eliminations, Robertsonian  trans- 
locations, whole-arm  reciprocal translocations  to tandem 
translocations; the  fact is genome’s repetitive  fraction  is 
playing a central  role in mammalian  genome  structuring. 
Throughout this review we will focus on the evidences that 
associate satellite DNAs and constitutive heterochromatin to 
the process of chromosome evolution and consequently to 
domestic species genome’s remodeling. 
 
 
 
 

Satellite DNAs (satDNAs) are ubiquitous components 
of the eukaryotic genome, consisting of tandemly repeat- 
ed DNA sequences typically organized in long monoton- 
ic arrays of hundreds or thousands of copies usually lo- 
cated in the heterochromatic regions of chromosomes, 
mainly near the centromere but sometimes at subtelo- 
meric, or interstitial regions [Charlesworth et al., 1994; 
Chaves et al., 2000a; Kuhn et al., 2008]. The centromere 
is one of the most complex structures of the eukaryotic 
chromosome, and from yeast to human, this element is 
essential for the correct segregation of chromosomes to 
daughter cells in mitosis and meiosis. 

 
 



 

Chromosomal evolution constitutes a central point in 
the study of mammalian biology because of its involve- 
ment in population evolution and speciation [King, 1993]. 
If genomes are particularly unstable (with high rates of 
chromosome mutations), chromosome evolution will oc- 
cur even if the conditions at the population level are more 
relaxed. Repetitive DNAs are, most likely, the genetic fac- 
tors responsible for  promoting  genomic plasticity and 
therefore higher rates of chromosome mutation [Slamo- 
vits and Rossi, 2002]. Furthermore, constitutive hetero- 
chromatin regions are thought to be ‘hotspots’ for struc- 
tural chromosome rearrangements [Yunis and Yasmineh, 
1971; John, 1988; Chaves et al., 2004] (cf. fig. 1). This hy- 
pothesis is now supported by a crescent number of evi- 
dence, especially at the mammalian level. Different au- 
thors suggested a key role for satDNA in the origination 
of  chromosome alterations [e.g. Wichman et al., 1991; 
Rossi et al., 1995] that depends, among other factors, on 
the ability of the satDNA to change its copy number and 
to mobilize through the genome [e.g. Reig et al., 1992]. It 
is thought that  rapidly evolving satDNA families pro- 
mote chromosomal  rearrangements by means of their 
dynamic  behavior   among   nonhomologous   chromo- 
somes and between different chromosome fields, as cen- 
tromeres, arms and telomeres, these rearrangements hav- 
ing low effects on the euchromatic genome [Wichman 
et al., 1991]. 

In this review, we intend to summarize ‘evidences’ or 
‘hallmarks’ that suggest an active role for satDNA in pro- 
moting  chromosome  rearrangements,  involved in ge- 
nome restructuring during evolution and in clinical situ- 
ations. Several conjectures are now being portrayed try- 
ing to explain the dynamic role of satDNA in genome’s 
remodeling particularly in domestic animals. 

 
 

The Major Genome Repetitive Component: 
Tandem Repeated satDNA 

 
Eukaryote genomes contain much more DNA than 

needed for coding proteins. Non-coding repetitive DNA 
sequences that can account for large fractions of the ge- 
nome compose this ‘extra’ DNA [Slamovits and Rossi, 
2002]. 

Since the first satDNA was isolated from mouse tissue, 
in 1966 by Waring and Britten, an interminable list of dif- 
ferent satDNA families from species covering a large part 
of the mammalian domain, have been identified. One of 
the best known and characterized satDNAs is the pri- 
mate satDNA, which is organized as 171-bp monomers 

and is found at the centromeres of all primate (including 
human) chromosomes studied so far [e.g. Manuelidis, 
1976; Crovella et al., 1999]. 

Several unrelated families of satDNA can coexist in the 
same  genome [Choo, 1990], thus forming a collection 
called a ‘satellite DNA library’, according to Salser et al. 
[1976]. A satDNA family has a definite length and sequence. 
The  base  composition  of satDNAs is highly variable; 
they may be either rich in AT or GC sequences, or there 
can be observed considerable variation in mean base com- 
position between the 2 DNA strands [Sumner, 2003]. 

Usually, the length of the repeating unit (monomer) 
ranges between hundreds to thousands of base pairs, but 
in some satellites, of some mammals, the length of the 
repeat can be as short as 6 bp [Beridze, 1986]. The total 
size of the tandem array varies from less than 100 bp to 
over 100 Mb [see Miklos and Gill, 1982] and the arrays 
can have thousands of repetitions [Slamovits and Rossi, 
2002]. These very long arrays of satDNA form conspicu- 
ous  blocks of differentially condensed  chromatin  on 
chromosomes. 
 
 

satDNA: Restructuring Genomes 
 

satDNA evolves according to the principles of concert- 
ed evolution, in which diverse mechanisms of nonrecip- 
rocal transfer induce a high turnover of satellite sequenc- 
es [e.g. Dover, 1986; Elder and Turner, 1994]. 

The evolution of satellite repeats can be explained as 
a result of change in 2 parameters: copy number and nu- 
cleotide sequence [Ugarković and Plohl, 2002], resulting 
eventually in homogenization of the changes among re- 
peats within the genome and their subsequent fixation 
in  members of isolated reproductive populations  in a 
process known as molecular drive [e.g. Dover, 1986; El- 
der and  Turner, 1994]. Profiles of species-specific sat- 
DNA  sequences are present  in almost  all taxonomic 
groups, and result from changes in copy number, nucle- 
otide sequence, or composition of satellites [Ugarković 
and Plohl, 2002]. 

The ubiquitous coexistence of different satDNAs in 
the genomes of related species displaying different behav- 
iors in these genomes [e.g. Meštrović et al., 1998; Nijman 
and Lenstra, 2001] leads to the postulation that there are 
no general patterns regarding the timing and extent of 
concerted  evolution when considering different taxo- 
nomic groups [Modi et al., 2004]. These different patterns 
in heterochromatin and the great karyotypic variability 
have  puzzled researchers over the time. For instance, 
some chromosomal conservative taxa have been shown 
to possess large amounts of heterochromatin [e.g. Barros 
and Patton,  1985], in contrast  with others, where the 



 

amount of heterochromatin seems to have been reduced 
with the increase of genome restructurings. 

 
 

The Active Role of satDNA in the Occurrence of 
Chromosomal Rearrangements 

 
A considerable collection of evidences indicates that 

satDNA plays an important role in evolution of mammals 
by promoting chromosomal rearrangements. Direct evi- 
dences  to  confirm this are very difficult to ascertain. 
Nevertheless, it seems that chromosomal evolution can 
be affected by factors at genomic level (e.g. satDNAs) that 
will determine how frequently the changes in chromo- 
somes will occur [Slamovits and Rossi, 2002]. 

Wichman et al. [1991] proposed that rapidly evolving 
satDNA families promote chromosomal rearrangements 
by means of their intragenomic movements (dynamic be- 
havior). These rearrangements would have low effects on 
the euchromatic genome by keeping syntenic segments in- 
tact since the breakpoints occur in repetitive DNA blocks. 
In this model, the chromosome patterns would be highly 
variable in different lineages (fig. 2). In the other mode of 
genome restructuring (fig. 2) are the chromosomal con- 
servative lineages with satDNA patterns localized only in 
specific chromosomal fields (i.e. pericentromeric regions). 
These 2 different modes of genome restructuring pinpoint 
the evidences found in the different mammalian groups 
studied so far, and thus constitute the hallmarks of genome 
evolution (fig. 2). If these patterns do suggest that chromo- 
some evolution could be mediated by satDNA sequences 
(and/or other repeated sequences), the mechanisms that 
could explain how this alliance between chromosome evo- 
lution and satDNA is made are still enigmatic. 

Some fields of medicine such as clinical cytogenetics 
including cancer cytogenetics can provide important in- 
formation about the mechanisms involved in chromo- 
some change induced by satDNA. In tumors, the high 
density of repetitive DNA in a given region provides ‘hot- 
spots’ for homologous recombination and mediates trans- 
location  processes [Kolomietz et al., 2002]. Those and 
other  diseases  originated  by chromosomal  rearrange- 
ments that disrupt gene functions, cause other distur- 
bances in gene expression, or confer to the carriers’ high- 
er risks of producing unbalanced gametes [e.g. Chen et 
al., 2007]. Besides, several regulatory mechanisms with 
consequences in development and evolution have satD- 
NA as the main player, for example, silencing or changing 
of transcription patterns when genes fall within or near 
heterochromatic domains, as a consequence of a chromo- 
somal rearrangement [e.g. Belyaeva et al., 1993; 
Slamovits and Rossi, 2002]. 

In the next paragraphs we will highlight the involve- 
ment of heterochromatin and satDNA in the chromosome 
rearrangements  that  shaped  the  genomes of domestic 
animals during evolution and in different clinical condi- 
tions; namely, heterochromatin additions/eliminations and 
translocations. Consideration goes also to the different hy- 
potheses on the formation of translocations, as well as to 
the translocation breakpoints’ molecular composition. 
 
 

Heterochromatin Additions/Eliminations 
 

Heterochromatin   shows  characteristic  distribution 
patterns in karyotypes and contributes to the broad scat- 
tering of genome sizes [Redi et al., 2001]. 

Although many questions regarding satDNA and het- 
erochromatin remain to be answered, we now know that 
the  evolutionary  history  of  eukaryotic  genomes  was 
largely inf luenced by this dynamic and multifaceted ge- 
nome component, as demonstrated in a broad number of 
mammalian taxa. 

In contrast to the autosomal conservatism, the Bovidae 
X chromosome shows a considerable diversity [e.g. Robin- 
son et al., 1998], mostly a consequence of constitutive het- 
erochromatin variation with respect to the amount and 
position (disruptions of euchromatic regions, centromere 
replacement, heterochromatic variation, among others) 
[Robinson et al., 1998; Gallagher et al., 1999; Iannuzzi et 
al., 2000; Chaves et al., 2004]. In 2005, Chaves et al. 
estab- lished that part of this constitutive heterochromatin 
varia- tion was due to satellite I (1.715 and 1.714 satDNA 
families) losses or gains during the evolution of the X 
chromosomes, which  accompanied  its morphological 
rearrangements. Furthermore, several authors [Robinson 
et al., 1998; Gal- lager et al., 1999; Iannuzzi et al., 2000; 
Chaves et al., 2004] believe that X chromosome 
constitutive heterochromatin has facilitated the 
intrachromosomal rearrangements de- tected during the 
evolution of this sex chromosome. 

 
 

Translocations 
 

The knowledge of the mechanisms behind a transloca- 
tion  formation  is of crucial importance  to the under- 
standing of centromere and satellites and the investiga- 
tion of chromosomal abnormalities. 

There are several theories for the formation of translo- 
cations and most of them imply the involvement of re- 
petitive DNA elements. Redi et al. [1990] suggested that 
these are inf luenced by a favorable spatial relationship of 
DNA  sequences in the telomeric regions of 2 chromo- 
somes in the S-phase of the cell cycle of a primitive germ 



 

cell, and by the characteristics of centromeric satDNA se- 
quences of acrocentric chromosomes. Page et al. [1996] 
proposed that translocations form through a mechanism 
involving recombination  of homologous sequences on 
different  chromosomes.  According  to  Garagna  et  al. 
[2001], the orientation and disposition of the satellite re- 
peats in the pericentromeric regions strongly suggest the 
occurrence of sequence-dependent mechanisms of inter- 
chromosomal exchange between satellite blocks [Smith, 
1976] promoting the Robertsonian and whole-arm 
recip- rocal  translocations.  Also the  nicking activity 
of the CENP-B  protein  could play an important  
role in the formation of  translocations involving the 
centromere. CENP-B protein binds the CENP-B box 
present within centromeric satDNA of many species 
[e.g. Masumoto et al., 1989; Volobouev et al., 1995] and 
could play an impor- tant role in recombination events 
leading to transloca- tions involving the centromeric 
region. Kipling and War- burton [1997] suggested that 
the dimerization ability of the CENP-B protein could 
not only promote misalign- ment between higher-
order repeat units of satDNA on nonhomologous 
chromosomes, but also facilitate recom- bination, 
mediated by its nicking activity [Garagna et al., 2001]. 

For a large number of species, Robertsonian 
translo- cations were the engine that triggered 
evolution [King, 1993]. These specific rearrangements 
regularly involve centromeric DNA, mainly composed 
of sat DNA. Wheth- er this component is the cause or 
consequence of this re- current  chromosomal 
rearrangement remains unclear, however. 

Translocations have been observed in a large number 
of mammalian orders, from Rodentia [e.g. Britton-
Davidian et al., 2005] to Chiroptera [Ao et al., 2006], 
Carnivora [e.g. Tian et al., 2004], Primates [e.g. 
Dutrillaux, 1979; Wien- berg, 2004 and references 
therein], or Cetartiodactyla [e.g. Gallagher and 
Womack, 1992; Chaves et al., 2004; Huang et al., 2006], 
among many others. 

It seems that centromere-related rearrangements 
con- tribute to accelerated rates of chromosomal 
change, as evidenced by the repeated occurrence of 
Robertsonian translocations and whole-arm reciprocal 
translocations in the house mouse [Britton-Davidian et 
al., 2005]. 
 
 
From an Evolutionary Point of View 
 

In Bovinae and Caprinae (Bovidae, 
Cetartiodactyla), where the number of autosomal 
arms has remained al- most constant at 56–58 for most 

species, the great varia-tions in chromosome numbers 
are due to centromeric fu- sions, where the 2n = 30 
chromosomes from Tragelaphus spekei (Bovidae, 
Tragelaphini tribe) [Wallace, 1978] can easily be 
deduced from the 2n = 60 chromosomes of the 
karyotype of Bos taurus (Bovini) or Capra hircus 
(Cap- rini) by a number of Robertsonian 
translocations [e.g. Gallagher and Womack, 1992; 
Chaves et al., 2004]. As examples, the karyotype of 
Bos javanicus birmanicus differs from that of cattle, Bos 
taurus, by 2 pairs of submeta- centric chromosomes 
[Ropiquet et al.,  2008]. Also Bos gaurus shares 1 of 
these Robertsonian  translocations with B. j. 
birmanicus [Gallagher and Womack, 1992]. In the 
recently characterized saola (Pseudoryx nghetinhen- 
sis), the karyotype also seems to have evolved by 
centro- meric fusions [Ahrens et al., 2005]. Among  
buffaloes (Bubalus and Syncerus genera), besides 2 
tandem fusions [Di Berardino and Iannuzzi, 1981; 
Tanaka et al., 2000], several  combinations  of  
Robertsonian  translocations from the primitive bovid 
karyotype occurred to give rise to the karyotype 
variations of the different species [Di Berardino and 
Iannuzzi, 1981; Gallagher and Womack, 1992; 
Gallagher et al., 1999; Tanaka et al., 2000]. Studies on 
bovine satellite IV DNA [Adega et al., 2006a] revealed 
the presence of this satDNA family in the genomes 
of water  buffalo and of 2 species from the 
Tragelaphini tribe. The amount of this centromeric 
satDNA was lower in the submetacentric chromosomes 
of these species, pointing to its involvement in the 
Robertsonian evolu- tionary  translocations  that  
originated  these chromo- somes. Moreover, some of 
them showed variations in the amount of satDNA 
IV, indicating different timing for the submetacentric 
chromosome formation, as it is believed that the 
amount of satDNA at the breakpoint regions 
decreases with time, in the process of homoge- 
nization [Chaves et al., 2000a, 2003a]. 

The karyotype of Ovis aries differs from that of Bos 
taurus or Capra hircus by 3 Robertsonian translocations 
involving 6 acrocentric  chromosomes  and  within the 
Ovis genus, it is possible to find karyotypes presenting 1 
or 2 of these submetacentric chromosomes, typical of all 
extant genera within the tribe Caprini [Bunch et al., 1976]. 
These biarmed chromosomes are likely to have arisen se- 
quentially by fusion of monobrachial chromosome arms: 
the fusion to form chromosome 1 is regarded as the most 
ancient, chromosome 3 and then chromosome 2 fusions 
being more  recent  [Bunch et al., 1976]. Chaves et al. 
[2000a] reported that in sheep, a substantial 1.714 sat- 
DNA hybridization signal on biarmed chromosomes 2 



 

and 3 can be observed, but apparently no satellite signals 
at the centromere of chromosome 1. It seems that the loss 
of satellite sequences is a gradual process, rather than 
happening exclusively at the time of the fusion (the Rob- 
ertsonian translocation). Lack of satDNA on Ovis aries 
chromosome 1 is consistent with its older origin [Chaves 
et al., 2000a]. 

In Equidae (Perissodactyla), a similar scenario can 
be observed, with Equus przewalskii and E. caballus 
differ- ing by 1 Robertsonian translocation and 
numerous Rob- ertsonian translocations and tandem 
fusions accounting for the karyotypic differences 
between E. caballus and zebras (E. zebra and E. 
burchelli) [Yang et al., 2003]. 

In the Suiformes, the predominant type of 
evolution- ary rearrangements are tandem fusions, the 
number of rearrangements separating Suidae from 
Tayassuidae be- ing one of the highest found [Bosma 
et al., 2004; Adega et al., 2006b]. But also here Adega et 
al. [2008] investigat- ed different members of the pig 
(Suidae family) major satDNA  families (Ac2 and 
Mc1) in 2 Tayassuidae ge- nomes, namely Pecari 
tajacu and Tayassu pecari. Surprisingly they found a 
dissimilar physical location of the sequences in the 
chromosomes of the families, display- ing a multiple 
distribution pattern in the peccaries’ chromosomes in 
opposition to the centromerically  located sequences 
in the pig. Moreover, it was possible to assign the  
satDNAs  at  the  Tayassuidae/Suidae  evolutionary 
breakpoints [Adega et al., 2007], pinpointing their 
impli- cation in the evolutionary rearrangements. By 
parsimony it is highly improbable that these 
sequences ‘appear’ at these locations by convergence, 
hence, they are drivers or remnants of the 
rearrangements. 
 
 
From the Clinical Point of View 
 

Since the first chromosome rearrangement 
identified in a domestic animal in the 60s [Gustavsson 
and Rock- born, 1964], rob(1;29) in cattle, an extensive 
list of trans- locations has been assembled [e.g. Ducos 
et al., 2008 and references therein]. Translocations and 
especially Robertsonian  and  reciprocal  
translocations  are  the  rearrangements most often 
found in clinical conditions of livestock species. The 
pig (Sus scrofa) karyotype seems to be the one 
presenting the greatest variations, with a prevalence of 
1/200 of structural  chromosomal rearrange- ments 
[Ducos et al., 2008], these being mainly reciprocal 
translocations, some of them involving the 

centromeric region [Pinton et al., 1998; Ducos et al., 
2002]. 

In most but not all of the cases, there is a clear 
association  of these rearrangements  with several 
clinical conditions such as congenital malformations, 
intersexuality or reproductive dysfunction observed by 
reduction of the fertility/prolificacy of the carriers 
and/or of their mates [Gustavsson, 1971; Refsdal, 
1976; Popescu et al., 
1984]. Heterozygotes for  Robertsonian  chromosomes 
have a tendency to be infertile or to produce offspring 
with  birth  defects. In  wild mammals,  Robertsonian 
chromosomes may contribute to reproductive isolation 
and thus to speciation. In humans, this has great clinical 
consequences; in domesticated mammals of economic 
importance it may lead to loss of productivity [Garagna 
et al., 2001]. 

Quite interesting is the fact that most of these sup- 
posed deleterious and de novo translocations involve the 
same chromosomes and apparently the same breakpoints 
as do the ones found as a cause of speciation in a great 
number of species. 

Although most of these translocations involve cen- 
tromeric sequences, only a small number of works de- 
voted attention to the analysis of the breakpoint regions 
and to the nature of their molecular composition. Chaves 
et al. [2003a, b] and Di Meo et al. [2006] deeply analyzed 
the physical organization of satDNA distribution at cen- 
tromere during Robertsonian translocations in an 8;11 
translocation in Ovis aries, and in the 1;29 translocation 
in Bos taurus, respectively. This allowed depicting the 
translocation mechanisms undergone during the chro- 
mosome rearrangement and to assign the breakpoint re- 
gions. 

The identified rob(8;11) in O. aries showed a different 
organization from the biarmed chromosomes that are 
evolutionarily derived and provides strong evidence for 
an intermediate step in evolution of the biarmed chromo- 
somes in sheep. If the ancestral satellite patterns of all 
acrocentric  autosomes were similar, then the biarmed 
chromosomes 1, 2, and 3 have undergone a complex re- 
organization of satellite sequences during the transloca- 
tion and evolution [Chaves et al., 2003b]. 

In the 1;29 translocation, it was possible to determine 
that this translocation involved at least 2 steps [Chaves et 
al., 2003a]. In this model, a first step explained the occur- 
rence of the Robertsonian translocation itself (with the 
breakpoints that precede the rearrangement constituted 
of satellite III in BTA1 and satellite IV in BTA29); how- 
ever, a second step (e.g. pericentric inversion) was neces- 
sary for the satDNA reorganization at the centromeric 
level, which highlights the active role of satDNA sequenc- 



 

es in  the  translocation  and  reinforces the  functional 
meaning of this satDNAs in all these processes. In fact, 
the  physical and  organizational  analyses of different 
satDNA families in a model translocation, like the well-
known 1;29 in cattle [Chaves et al., 2000b, 2003a; Di Meo 
et al., 2006], for example, can greatly increase our under- 
standing on the translocation events during mammalian 
genome evolution. 

 
 

Conclusions 
 

The  breakpoints  of  chromosomal  
rearrangements have been found at sites of segmental 
duplications [Kehrer-Sawatzki and Cooper, 2008], 
high concentrations of repetitive sequences [Chaves et 
al., 2003a, b], or between interspersed repetitive 
elements [Gray, 2000; Adega et al., 2007, 2008]. 

Recently, Ruiz-Herrera et al. [2006] analyzed the 
distribution of a large amount of syntenic blocks, 
evolutionary  breakpoint  regions, and evolutionary 
breakpoints taken from public databases available for 7 
eutherian species (mouse, rat, cattle, dog, pig, cat and 
horse) and chick- en, and examined these for 
correspondence with fragile sites and tandem repeat 
locations in the human genome. Moreover, they found a 
striking correspondence between human fragile site 
location, the positions of evolutionary breakpoints,  
and  the  distribution  of  tandem  repeats throughout  
the  human  genome  [Ruiz-Herrera  et  al., 2006]. 
Simultaneously, the molecular characterization of 
chromosomal regions implicated in evolutionary 
breakpoints in mouse, human and primate genomes 
revealed that the main genome’s reorganizations have a 
predisposition to occur at, or close to, regions rich in 
segmental duplications and in simple tandem repeats 
[Ruiz-Herrera et al., 2006 and references therein]. 
Furthermore, Schibler et al. [2006] have found that the 
breakpoint regions among cattle, human and mouse are 
enriched in lineage specific repeats. 

These breakpoints do not seem to be uniformly 
distributed; on the contrary, they seem to follow a 
model of non-random  occurrence [Kulemzina et al., 
2009]. Certain  human  chromosomes  and  
chromosomal  regions display a high breakpoint 
accumulation and in some cases these seem to be 
conserved along chromosome evolution in different 
eutherian orders. 

The results of Ruiz-Herrera et al. [2006] also 
provide evidence for the existence of chromosomal 
regions in the genome that have been repeatedly used, 
at least in humans, thus confirming and extending 

earlier observations of a breakpoint reuse [e.g. Murphy 
et al., 2005]. 

Although some genomes are more prone to 
rearrange than  others, the fact is that a considerable 
number  of chromosomal rearrangements have been 
described in the most important domestic species around 
the world. These rearrangements are not always related 
to infertility, disease or phenotypic abnormality, but in 
the great majority of cases, they are, as stated by the 
numerous reports, to loss of productivity. 

Both from the evolutionary and the clinical point of 
view, it is now clear that each genome structure exhibits 
sensitivity to rearrangements involving certain chromo- 
some regions, as observed in bovids where the centro- 
mere is the stage  for most of the rearrangements de- 
scribed, or differently in pigs, where the rearrangement 
breakpoints  seem to  be  located at the  chromosome’s 
arms. However, a common trait highlights in all of these 
cases the involvement of repetitive sequences in all these 
rearrangements, either centromeric or interspersed in the 
genome. Moreover, a large proportion of ‘evidences’ sup- 
port the hypothesis that certain  chromosomal regions 
are prone to breakage and reorganization not only during 
the evolutionary process, but also in clinical conditions, 
as it seems that some of these breakpoints are repeatedly 
used. 

Molecular investigation of relevant repetitive sequenc- 
es [Garagna et al., 2002; Chaves et al., 2003a, b] and com- 
parison of evolutionary breakpoints with those that are 
‘disease-associated’ [Kehrer-Sawatzki and Cooper, 2008] 
are essential to determine the existence of a 
‘molecular signature’ for the occurrence or 
predisposition for these chromosomal rearrangements 
either in evolution or in clinical conditions and to 
assist in the characterization of the mechanistic 
similarities between them. 

In this review, we tried to summarize the 
‘evidences’ or ‘hallmarks’ suggesting an active role for 
satDNA and other  repeated  sequences, in  promoting  
chromosome rearrangements and genome remodeling. 
In fact, it seems that the genome’s repeated fraction 
could be the ‘agent’ for genome restructuring. This 
hypothesis is now being supported by a crescent 
number of evidences, especially at the mammalian 
level. However, further studies and the development of 
different methodologies are needed to as- certain which 
mechanisms are in fact behind this alli- ance that 
seems to exist between the repeated fraction and 
chromosomal restructuring.
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Fig. 1. Classification of the heterochromatin fraction in terms of its major sequence elements and implication in chromosome re- 
arrangements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The 2 main outcomes of genome restructuring. 
 

 
 
 


