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ABSTRACT
INTRODUCTION The consequences of de novo balanced structural
chromosome aberrations diagnosed antenatally are unpredictable,
and, as a result, they introduce uncertainty into genetic counseling
decisions.
OBJECTIVE Describe de novo balanced structural aberrations present
at antenatal diagnosis in samples from pregnant women in five Latin
American countries and determine their effect on carrier individuals.
METHODS This was a retrospective observational study based on
analysis of 109,011 antenatal tests conducted from January 1981
to December 2016 in Cuba, Uruguay, Costa Rica, Mexico, and Colombia. Thirteen cytogenetic laboratories provided information that
included the cases analyzed during the study period; number of de
novo balanced structural aberrations diagnosed antenatally; number
of diagnoses with de novo balanced structural aberrations that resulted in termination of pregnancy; detailed descriptions of the karyotypes
of de novo balanced structural aberration carriers, and descriptions of
the form of diagnosis, including types of samples used (amniotic fluid,
chorionic villus or fetal blood). Each laboratory also provided pathology reports and genetic counseling at time of diagnosis. Postnatal followup for pregnancies carried to term continued for at least two years.

INTRODUCTION
Structural chromosome aberrations usually involve changes in
the linear sequence of genes due to loss, gain, or reallocation
of segments, but the number of chromosomes generally
remains constant. Structural changes may involve one or both
chromatids. Chromatid-type aberrations differ from chromosometype aberrations.[1] Structural chromosome rearrangements are
considered balanced if disomy is maintained for all autosomes
and a normal complement of sex chromatin is present, even if
the positions of homologous segments on the chromosomes have
been changed.
Structural chromosome rearrangements may arise at different
stages of human development. When rearrangements occur in
the postnatal period, they are referred to as acquired and may
cause malignant diseases.[1]

IMPORTANCE These results will be useful in antenatal
genetic counseling for pregnant women in Latin America
and support long-term postnatal followup in patients with
de novo balanced structural aberrations.
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RESULTS Of the 109,011 antenatal tests studied, 72 (0.07%) showed
de novo balanced structural aberrations. These events primarily involved
chromosomes 1, 2, 7, 14, 18, and 20. Of the 79 breakpoints identified,
the most common were 5p15.3, 7q11.2, 7q22, and 14q24. We identified
three breakpoints corresponding to 3.8% (3q13.1, 3q13.2, and 9p12) that
were not reported in other studies of de novo balanced structural aberrations diagnosed antenatally in patients from other geographic regions or
in studies of chromosomal fragile sites. Two of these breakpoints (3q13.1
and 3q13.2) were associated with high risk of phenotypic abnormalities.
Information on antenatal or postnatal followup was available for 62 (86%)
of de novo balanced structural aberration carriers; of the 44 carriers with
postnatal followup, 10 had phenotypic abnormalities.
CONCLUSIONS Three new de novo breakpoints were identified, presumably related to genetic admixture characteristics in Latin America.
Since some diseases associated with de novo balanced structural
aberrations detected antenatally have a late onset, followup for at
least two years is recommended for carriers of these aberrations. The
information in this study is useful in genetic counseling for pregnant
women in Latin America.
KEYWORDS Antenatal diagnosis, prenatal diagnosis, antenatal
screening, chromosomal aberrations, chromosomal breakpoints, pregnancy, Colombia, Costa Rica, Cuba, Mexico, Uruguay, Latin America

If a balanced chromosome rearrangement (BCR) is inherited,
risk for physical or mental abnormalities in the newborn is
low. However, if the aberration occurs de novo, i.e., if neither
parent is a carrier, risk of a genetic disease or phenotypic
abnormalities increases. The consequences of de novo
BCRs diagnosed antenatally are especially difficult to predict.
Microarray-based comparative genomic hybridization in
antenatal diagnosis has shown that de novo BCRs can
cause submicroscopic chromosomal imbalances—deletions,
duplications and variations in the number of copies—that
could alter gene dosage, inactivate genes susceptible to
uniparental disomy, inactivate dominant genes (with the
resulting expression of recessive deleterious genes in the
homologous chromosome) and modulate gene expression
around breakpoints.[2–4]
In 1991, Warburton studied 377,000 antenatal diagnoses in
the USA and Canada to determine chromosomal distribution of
breakpoints in de novo BCRs and to compare them with known
breakpoints often associated with fragile sites in humans.
[5] In this pioneer study, Warburton determined that de novo
Robertsonian translocations carried a low risk for development of
abnormalities (3%), while de novo inversions and translocations
carried a higher risk, 9.4% and 6.1%, respectively.[5]
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The demographic history of populations—with their fluctuating
composition, size, and structure—may affect whole-genome
patterns of variation. In addition, evolutionary processes—
natural selection, mutation and genetic recombination—have
affected variation in specific regions.[6]
In 2009, Giardino gathered data from 269,371 antenatal
cytogenetic studies from 29 laboratories in Italy. Even
though there was no pregnancy followup, she identified the
chromosomes and breakpoints most involved in de novo BCR
events.[7] Other studies have been conducted on prevalence
of de novo BCRs in antenatal diagnosis in Asia and Australia,
but the number of cases studied was smaller.[8–12]
In a study of individuals from 52 populations in Africa,
Europe, the Americas, the Middle East, Asia, and Oceania,
Rosenberg found that only 3%–5% of genetic variation was
among populations, the majority of variation being within
populations.[13]
In Latin America and the Caribbean, little has been published
on de novo BCRs and their effects on neonatal phenotype
by breakpoint involved.[14–17] Due to lack of information
in the Region, genetic counseling for de novo BCRs in
antenatal diagnosis is based on data compiled by other
authors in populations that are geographically very distant
and have some differences in their genome compared to our
populations.[13] It is unknown what happens in relation to
de novo BCRs in our Latin American populations, which are
characterized primarily by a high admixture of Caucasian,
African and Amerindian descent, with a lower percentage
of Asian influence.[18–22] This study’s objective was to
identify de novo BCRs detected antenatally in samples from
five Latin American countries, and to determine their effect
on individual carriers.

METHODS

Table 1: Study variables and description
Variable

Description

Type of invasive procedure

Chorionic villus biopsy (10–14 weeks)
Amniocentesis (16–20 weeks)
Fetal blood sampling (21–25 weeks)

Type of balanced structural
aberration

Reciprocal translocation
Robertsonian translocation
Inversion
Apparently balanced complex rearrangement

Chromosome involved

1–22 (autosomes)
X and Y (sex chromosomes)

p (short arm)
q (long arm)
Centromere (10)
Breakpoint
(international nomenclature) Chromosome region (1–3)
Chromosome band (1–9)
Sub-band (1–3)
Phenotype

Normal
Altered

Followup

Antenatal
Postnatal

Phenotypic findings

Fetal ultrasound findings: nuchal
translucence >3 mm during 1st trimester or
nuchal fold >6 mm during 2nd trimester of
pregnancy, hypoplasia or absence of nasal
bone, suspected cardiopathy, pyelocalyceal
dilation, clubfoot, intrauterine growth retardation,
oligoamnios, polyhydramnios, increased
intestinal echogenicity, hydronephrosis,
single umbilical artery, holoprosencephaly,
malformations of the anterior wall and harelip
Postnatal findings: dysmorphic features,
intellectual disability, azoospermia,
cryptorchidism, brachydactyly, epilepsy,
coloboma of the iris, cardiopathy, inability to
support the head, hypotonia, asymmetry of
cerebral ventricles, hydrocephalus, growth
retardation, psychomotor retardation

Parents’ decision regarding

Elective abortion

continuation of pregnancy
Continued pregnancy
Study type and population A retrospective observational
study was conducted based on database information from
eight cytogenetic laboratories in Cuba, one in Costa Rica, one and fetal blood sampling (FBS) were carried out in essentially the
in Colombia, two in Mexico, and one in Uruguay. Data were same way in all participating laboratories, according to procedures
compiled from 109,011 antenatal tests done January 1981 reported.[23]
through December 2016. An aberration was considered a de
novo BCR if neither parent in the study had the chromosomal Followup In fetuses with de novo BCRs detected antenatally
aberration detected in the fetus. There were 72 cases with de whose parents decided to continue the pregnancy (49/72, 68%),
novo BCRs in the sample.
a minimum two-year postnatal followup was performed, even

Data collection All participating laboratories were sent a
questionnaire regarding the total number of cases tested, the
cases in which a de novo BCR was detected, and the antenatal
diagnostic method used (amniocentesis, chorionic villus biopsy
or fetal blood sampling). Table 1 lists and describes the study
variables. Laboratories submitted anatomic pathology reports of
fetal testing in cases of pregnancy termination after detection of
a de novo BCR.
Antenatal cytogenetic diagnosis Cultures and chromosome
preparations were conducted according to the AGT Cytogenetics
Laboratory Manual protocol[23] adapted to each laboratory’s
conditions. GTG or QFQ bands were used for chromosomal
antenatal diagnosis. Chorionic villus (CV) biopsy, amniocentesis
28
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though this was not mandatory for inclusion in the study. This twoyear followup period was selected because neurodevelopmental
or motor disorders are more easily detected at age 2 years,
and dysmorphic features become more evident. In addition,
if there is any kind of metabolic disorder, symptoms will have
already appeared in most cases. Followup was performed by
clinical genetics specialists. Followup was not possible in some
cases because the mother did not attend the genetic followup
appointment, parents emigrated or other undetermined reasons.
Phenotypic abnormalities were recorded in databases (municipal,
provincial, or national) and/or in medical records.
Analysis Breakpoints were not determined by advanced
molecular techniques (FISH and/or microarray) due to their
MEDICC Review, October 2018, Vol 20, No. 4

Original Research
high cost or unavailability. The breakpoint
was determined in translocations and
inversions by studying the chromosome
ideogram with 450 bands. Due to their low
risk, Robertsonian translocations were not
included in assessing risk associated with
breakpoints. The International System for
Human Cytogenetic Nomenclature 2005
was used to define chromosome formulae
and specify sites within chromosomes: The
centromere is assigned the number 10,
with numbers assigned to regions on the
short and long arms (p and q, respectively),
getting larger in proportion to distance from
the centromere. There are a limited number
of bands in each region; if these bands
are subdivided into sub-bands, a decimal
point is added after the band designation,
followed by the number of each sub-band.
For example, 1p31.3 means: chromosome
1, short arm, region 3, band 1, and sub-band
3.[24] The resolution level of the analyzed
metaphases is generally 450 bands.

Table 2: Cytogenetic diagnoses in participating laboratories
Sample
Laboratory

Period

Cubaa:
Havana
Holguín
Villa Clara
Granma
Guantánamo
Sancti Spiritus
Camagüey
Santiago de Cuba
Mexicob,c
Colombiad
Costa Ricae
Uruguayf
Total (%)

1984–2015
1990–2011
1987–2012
2000–2014
2004–2014
2004–2015
1990–2013
1986–2012
1983–2016
2010–2016
2013–2015
1981–2016
1981–2016

Amniotic
fluid

Chorionic
villus

25,692
1,785
6,237
—
10,194
2,199
4,111
—
2,137
—
3,951
—
5,009
—
11,531
1,721
4,945
—
1,662
16
549
—
21,772
4,902
97,790 (89.7) 10,623 (9.7)

Umbilical
cord blood

Total

562
28,039
—
6,237
—
12,393
—
4,111
—
2,137
—
3,951
—
5,009
—
13,252
—
4,945
36
1,714
—
549
—
26,674
598 (0.5) 109,011 (100)

a

National Medical Genetics Center and provincial medical genetics centers
Reproduction and Genetics, National Archives of Mexico
20 de Noviembre National Medical Center, Institute for Social Security and Services for State Workers,
Mexico City
d
Biogenetic Diagnosis SAS, Bogota
e
National Children’s Hospital, San José
f
Human Genetics Laboratory, Italian Hospital of Montevideo
b

c

While use of ultrasound findings can introduce
bias in research on de novo BCRs, this study
included cases in which some type of abnormality was detected
antenatally by fetal ultrasound. Antenatal abnormalities detected by
ultrasound have been shown to be important markers in detecting
certain chromosome defects and, as a result, ultrasound findings are
valuable in genetic counseling.[25]

blood samples for a total of 109,011 antenatal diagnoses. There
were 72 de novo BCRs detected, for a frequency of 1/1535
(0.07%) diagnosed cases. The laboratories detected 36 reciprocal
translocations (50%), 21 Robertsonian translocations (29.1%), 10
inversions (13.9%) and five complex rearrangements (6.9%).

The frequency distributions of detected aberrations (reciprocal
translocations, Robertsonian translocations, inversions and complex
rearrangements) were obtained for the different sample types.

Amniocentesis was used for diagnosis in 89.7% (97,790/109,011)
of cases (Table 1); as a result, 95.8% (69/72) of de novo BCRs
were detected using this form of antenatal diagnosis.

Ethics Genetic counseling was provided to couples in all
participating sites and written informed consent was obtained
for specimen collection. Once antenatal diagnosis was made,
all unused samples were discarded. Couples were informed
of the results of cytogenetic diagnosis. In all laboratories, each
patient was assigned a code in the database and anonymity was
maintained during data processing. The study was approved by
the ethics committees of all participating institutions.

Three mosaics were detected in reciprocal translocations, two
mosaics in Robertsonian translocations, and one mosaic in
cases with inversion. Of five cases with complex rearrangements,
three inherited structural aberrations and one de novo aberration
were found. Two cases had rearrangements involving three
or more chromosomes (Data available in Appendix 1 at www
.mediccreview.org/antenatal-diagnosis-of-de-novo-balanced
-structural-chromosome-aberrations-in-latin-america).

RESULTS

As seen in Table 3, the frequency of de novo BCRs in this study
is slightly different than seen in other studies with a much greater
number of cases.[5,7] In general, de novo BCRs appear less
frequently in our study.

Frequency of de novo BCR Table 2 summarizes data provided
by the 13 participating laboratories, from 97,790 amniotic fluid
samples, 10,623 chorionic villus samples and 598 umbilical cord

Table 3: Comparison of the frequency of de novo BCRs reported in three studies
Study
Warburton[5]
Giardino[7]
This study

n

ACD Method

377,357 Amniocentesis
Amniocentesis, chorionic villus sampling,
269,371
fetal blood sampling
Amniocentesis, chorionic villus sampling,
109,011
fetal blood sampling

ACD: antenatal cytogenetic diagnosis

Frequency
of de novo
BCR (%)

Frequency of
reciprocal
translocations (%)

Frequency of
Robertsonian
translocations (%)

Frequency of
inversions (%)

1/1129 (0.08)

1/2,000 (0.05)

1/9,000 (0.011) 1/10,000 (0.010)

1/1095 (0.09)

1/1,500 (0.07)

1/6,000 (0.016) 1/16,000 (0.006)

1/1,514 (0.07)

1/3,028 (0.03)

1/5,191 (0.019) 1/10,901 (0.009)

BCR: balanced chromosomal rearrangement
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Distribution of de novo BCR in chromosomes Figure 1 shows
the chromosomes most commonly involved in de novo BCRs
(1, 2, 7, 14, 18, and 20). Chromosomes 10, 11, 15, 17, 19, and
X were very rarely involved in rearrangements. Chromosome Y
did not appear in any of the reported rearrangements.
Breakpoint distribution by chromosome for reciprocal
translocations and inversions in the long and short arms of the
chromosomes is also shown. Many of these breakpoints coincide
with those reported by Warburton[5] and Giardino.[7] However,
we found breakpoints not reported in these previous studies.
Distribution of de novo BCR frequency None of the reciprocal
translocations were found more than once in this study. The
common translocations reported by Warburton and Giardino,
t(11;22)(q23;qll) and t(18;21)(pll;qll), also appeared in our study.

Breakpoints 1q25 and 7q22 were found three times in our study.
Other recurring breakpoints were: 2q21.3, 4q35, 5p15.3, 7q11.2,
14q24, 20p12, and 20q13.1, each occurring twice (Figure 1).
Of the 79 breakpoints we found, 8 (10%) had not been published
previously in studies on de novo BCR in antenatal diagnoses.
These were: 2p22, 3p24, 3q13.1, 3q13.2, 5p11, 8q21.1, 9p12,
and 12q23.[5,7,9–12,28–44 ] (Figure 1).
Followup Antenatal or postnatal followup was successfully
conducted in 62 (86%) of the 72 de novo BCR carriers. In 44
carriers, followup lasted at least two years. Table 4 shows the
cases of de novo BCR carriers who had some phenotypic
abnormality.
Neurodevelopmental disorders were the predominant abnormal
phenotypic traits in cases assessed postnatally. There were two
individuals who exhibited no mental disability despite having
complex rearrangements in more than three chromosomes.

Ten cases were found with inversions in which chromosomes
2, 3, and 19 were involved twice. In this study, the chromosome
inversion 2(p11q13) commonly appears, even though it has been
primarily described as familial.[26,27]

DISCUSSION

Breakpoints most commonly found in our study that coincide
with other studies[5,7] were: 5p15.3, 7q11.2, 7q22, and 14q24.
Other breakpoints that appeared once in our study and that were
commonly reported by Warburton and Giardino were: 1p13.2,
2p15, 2p21, 2q21.3, 3q21, 6q21, 7p15.3, 7p22, 8q24.1, 9p13.3,
11p15, 11q23, 11q13, 21q22.3, and 22q11 (Figure 1).

Reciprocal translocations constitute the biggest difference
between our results and those of Warburton[5] and Giardino.
[7] This kind of defect was not detected antenatally by chorionic
villus sampling, and our result could be explained by low quality
of GTG bands from using acetic acid in sample processing,
which sometimes made bands difficult to distinguish and could
have contributed to failure to detect this kind of rearrangement.

Figure 1: Comparison of breakpoints by chromosome

breakpoint from this study

30

breakpoint detected by Warburton[5]
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Table 4: Abnormal phenotypic findings in de novo BCR carriers
Karyotype
46,XX,t(7;14)(q11.2;q22)
46,XX,inv(2)(p21q35)
46,XX,inv(2)(p11q13)

Pregnancy outcome
Live birth
Live birth
Live birth

Laboratory
Havana, Cuba
Mexico
Mexico

46,XX,inv(3)(q13.1q23)

Live birth

Havana, Cuba

46,XY,t(1,3,20)(q21.1,p21,p12)

Live birth

Havana, Cuba

46,XY,t(3;7)(q13.2,q22)

Live birth

Villa Clara, Cuba

46,XY,t(2,20)(q32;p13)
45,XX,t(18;21)(p11.2;q11)
45,XX,t(5;17)(q31.3;q25)de novo,
der(15;22)(q10;q10)mat

Live birth
Elective abortion

Uruguay
Granma, Cuba

Abnormal finding (age of individual)
Psychomotor retardation (6 years)
Nuchal fold, dysmorphic features, hypotonia (newborn)
Dysmorphic at birth
Dysmorphic features, brachydactyly, growth and developmental
retardation, epilepsy (25 years)
Azoospermia (26 years)
Dysmorphic features, asymmetry of cerebral ventricles, intellectual
disabilities, coloboma of the iris (3 years)
Cardiopathy, convulsions, inability to support the head (4 years)
Bilateral hydrocephaly, harelip

Live birth

Havana, Cuba

Moderate intellectual disability (5 years)

45,XY,der(13;14)(q10;q10)

Live birth

Holguín, Cuba

Moderate intellectual disability, bilateral cryptorchidism, mildly
dysmorphic features (7 years)

Table 5: Comparison of breakpoints in this study with fragile sites
and breakpoints in populations of different ethnic origins
This study
Recurring breakpoints
(n = 19)
New breakpoints
(n = 8)

Coincidence
with fragile sites
reported by
Mrasek[51] (%)

Coincidence
with breakpoints
reported by
Liehr[52] (%)

17 (89.0)

13 (68.0)

4 (50.0)

3 (37.5)

This method was applied in 9.7% of cases in our study and in
12% of cases in Giardino’s, which detected 8% of reciprocal
translocations through chorionic villus sampling.[7]
Breakpoint distributions and the chromosomes involved do not
occur randomly in these de novo rearrangements.[5,7] Recurring
breakpoints have been found in AT-rich palindromic regions.
Genome architecture is also known to predispose certain
chromosomes to structural rearrangements, due to their spatial
disposition within the cell nucleus.[45,46]
We found many reported breakpoints in other antenatally
diagnosed de novo BCR studies, but we also found eight
breakpoints that previous studies did not identify.[5,7, 9–12,
30–44] All those studies primarily included Caucasian and Asian
populations, and the majority, as in this study, used cytogenetic
banding methods to analyze breakpoints.
In postnatal studies, many of these de novo BCRs were
examined using more sophisticated molecular techniques, such
as whole-genome high-resolution array, which includes matrixbased comparative genomic hybridization or single-nucleotide
polymorphism.[3,4,47] These methods can reveal cryptic
chromosome imbalances, but they are used in postnatal studies
in individuals with an abnormal phenotype. This introduces
a bias into breakpoint analysis because samples come from
individuals with phenotypic traits (mental disability, dysmorphic
features, delayed growth, etc.) that signal possible chromosome
rearrangement. Therefore, such cases are not included in our
comparisons.
Even though the origin of a chromosome aberration is much
more complex than the simple association with fragile sites inside
MEDICC Review, October 2018, Vol 20, No. 4

the genome,[48–50] it is indisputable that these fragile sites are
prone to formation of chromosome aberrations, primarily de novo.
Fragile sites are specific loci that are prone to forming gaps and
breaks on metaphase chromosomes due to partial inhibition of
DNA synthesis.[51] Table 5 shows a comparison of breakpoints
we found and fragile sites reported in recent international studies.
[51,52] Mrasek reported 230 fragile sites induced by aphidicolin,
a substance that partially inhibits DNA synthesis, in human
chromosomes.[51] Liehr demonstrated that approximately 71% of
breakpoints found in Caucasian individuals, studied because they
had balanced aberrations, are co-located in these fragile sites, and
he determined that these regions prone to chromosome breaks
play an important role in formation of structural chromosome
rearrangements.[52] Of the eight new breakpoints identified in this
study, three (3q13.1, 3q13.2, and 9p12) do not coincide with fragile
sites previously reported by these other authors. Breakpoint 3q23
identified in this study has been reported in only three people.
[51,52]
Mrasek’s testing to identify fragile sites identified was performed
in three Caucasian individuals (one of whom had a parent of
Asian origin).[51] Liehr compared the 230 fragile sites detected
by Mrasek with breakpoints found in 251 Caucasian patients with
BCR and found greater than 70% overlap.[52]
In our study, we identified three breakpoints of de novo BCR
not reported previously by these authors.[51,52] These three
breakpoints (3q13.1, 3q13.2, and 9p12) were not reported in the
large-scale studies by Warburton and Giardino,[5,7] in studies
in Asia,[9–11] or in other studies with smaller sample sizes
conducted in Europe, North America and Australia.[12,30–46]
Rosenberg studied 1056 individuals from 52 populations and
found that most genetic variation was within populations; only
3%– 5% of genetic variation was due to major group differences.
[13] In 2006, Bastos-Rodrigues, using a more sophisticated
methodology (a set of 40 biallelic slow-evolving short insertiondeletion polymorphisms) than the one used by Rosenberg, found
greater genetic variation (12.1%) across the different population
groups and confirmed Rosenberg’s identification of five welldefined groups: the Americas, Africa, East Asia, Oceania, and a
cluster comprising Europe, the Middle East and Central Asia.[53]
Finding these previously unreported breakpoints could be due to
the unique nature of our genome with its distinctive admixture of
African, European and Asian populations.
Peer Reviewed
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Followup Problems were reported during the perinatal period in
two of the children studied, but followup studies showed that their
development was completely normal. For example, the carrier
of the inv(2)(p11q13) rearrangement who showed dysmorphic
features at birth had subsequent normal development. Identifying
dysmorphic features in the perinatal period can be difficult because
sometimes the process of labor can cause physical abnormalities
in the newborn that are confused with dysmorphic features.
There are some de novo BCR carriers who, even though they are
apparently normal at birth, can exhibit late-onset phenotypic traits
during long-term followup, primarily due to neurodevelopmental
disorders, which suggest gene mutations caused by de novo
chromosome rearrangement. This commonly occurs when
there are cryptic chromosome aberrations.[11,30] In this study,
we present the example of a woman with inv(3)(q13.1q23) who
was apparently normal at birth but at the time this manuscript
was being prepared had a mental disability, epilepsy, autism-like
behavior, and dysmorphic features.
Two breakpoints in the long arm of chromosome 3 (3q13.1 and
3q13.2) were detected very close together. These breakpoints
are not reported in the literature consulted on de novo BCR
in antenatal diagnosis in the USA and Canada, Europe, Asia
and Australia.[5,7,9–12,30–44] Since these breakpoints were
associated with severe phenotypic abnormalities and mental
disability in carrier individuals, their presence should be carefully
considered during antenatal diagnosis and genetic counseling
for couples. In such cases, we recommend thorough ultrasound
monitoring and molecular techniques, such as FISH and
microarray, to supplement diagnosis in order to detect possible
cryptic genome aberrations.
Two patients with complex chromosome rearrangements involving
three or more chromosomes had no neurological abnormalities.
In one case, the individual had undergone antenatal diagnosis
in the 1990s and was encountered again because he exhibited
azoospermia and attended an infertility service. In the other case,
the carrier was a completely normal 12-year-old child, for whom
microarray analysis found no gain or loss of inherited material.[54]
This is unusual because when several chromosomes are involved
in a de novo rearrangement, the possibility of phenotype disorders
increases due to poor segregation of derivative chromosomes or
generation of recombinant chromosomes.[55]
One study limitation is that the genome breakpoints were detected
using conventional cytogenetics, not molecular techniques such
as FISH and microarray. Molecular cytogenetic analysis could

have provided more sensitivity in locating breakpoints at the
chromosome band and sub-band level and would have helped
in comparing our breakpoints with those of Mrasek[51] and Liehr.
[52] These techniques were not available to the laboratories
participating in our study, in part because of when the tests were
conducted and in part due to their high cost. Nevertheless, the
results are relevant because the study compiled data from five
Latin American laboratories and was supplemented by long-term
followup of carriers of these de novo rearrangements.
Another limitation is the relatively small number of cases analyzed,
compared to the Warburton and Giardino studies,[5,7] and that
not all participating countries provided a sufficient number of
cases. It was not our objective to make comparisons among
the Latin American countries that contributed samples, as these
countries also have different genetic characteristics due to diverse
ancestries. We must consider that data from Mexico, Costa Rica,
and Colombia only make up 6.6% of the sample.
As did previous studies, our findings suggest a relationship
between constitutional breakpoints during the antenatal period
and fragile sites. However, confirmation of a relationship with
biological implications requires molecular analyses of breakpoints.
Molecular cytogenetic techniques provide greater precision in
antenatal diagnosis,[49,50] but are still unavailable in most lessdeveloped countries. Therefore, even with the study’s limitations,
it demonstrates the utility of conventional techniques for studying
de novo BCRs with a focus on chromosome aberrations and their
possible relationship with genome admixture in Latin American
countries. Our results are useful in genetic counseling for pregnant
women in Latin America.

CONCLUSIONS
Three new breakpoints were identified in the genome, related to
de novo BCRs, which may be due to the typical genetic admixture
in Latin America. Two of these breakpoints identified for the first
time are considered high risk because they are associated with
severe phenotypic abnormalities in carriers. In carriers of de novo
BCRs, a minimum two-year followup period is recommended, as
many phenotypic disorders have late onset.
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