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RESEARCH ARTICLE

Chromosomal polymorphic variants increase aneuploidies in male gametes and
embryos
Ruth Moralesa, Belén Lledóa, José A. Ortiza, Jorge Tenb, Joaquin Llácerb, and Rafael Bernabeub

aIB Biotech, Alicante, Spain; bInstituto Bernabeu of Fertility and Gynecology, Alicante, Spain

ABSTRACT
Chromosomal polymorphisms involve heterochromatic regions and occur in the general popula-
tion. However, previous studies have reported a higher incidence of these variants in infertile
patients. The aim of this study was to examine the relationship between polymorphic variants and
infertility and their association with aneuploidies in male gametes and embryos. We retrospec-
tively considered 1,551 cytogenetic studies involving infertile patients (study group; n=866) and
oocyte/sperm donors as the control group (n=685). We had detected 168 polymorphisms in the
study group and 92 in the control group. An increase in the frequency of polymorphic variants
was observed among infertile patients (19.4% study group vs. 13.4% control group; P < 0.01).
Sperm aneuploidies among 145 infertile men were evaluated by fluorescent in situ hybridization
(FISH). The frequency of infertile men with increased rates of sperm aneuploidy was higher among
polymorphism carriers. Twenty men showed an abnormal rate of sperm aneuploidy in the carrier
group (n=53) vs. 15 in the non-carrier group (n=92) (37.7% vs. 16.3%, respectively; P < 0.01).
Finally, aneuploidies in blastocysts (n=301) resulting from donated oocytes were also examined by
array comparative genomic hybridization (array-CGH). Significant differences were reported in the
embryo aneuploidy rate between female carriers and non-carriers in oocyte donation cycles
(50.0% vs. 27.6%; P < 0.001). This study suggests that polymorphic variants have an impact on
fertility. Moreover, our results show a relationship between polymorphisms and aneuploidy in
spermatozoa and embryos.
Abbreviations: FISH: fluorescent in situ hybridization; CGH: comparative genomic hybridization;
ESHRE: European Society of Human Reproduction and Embryology; ASRM: American Society for
Reproductive Medicine; RPL: recurrent pregnancy loss; WHO: World Health Organization; ISCN:
International System for Human Cytogenetic Nomenclature guidelines; WGA: whole genome
amplification; SPSS: Statistical Package for Social Sciences
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Introduction

Structural chromosomal abnormalities are responsible for
reproductive conditions such as infertility and recurrent
pregnancy loss [Düzcan et al. 2003]. In addition to
Robertsonian and reciprocal translocations and inver-
sions, there are also polymorphic variants on chromo-
somes that are considered ‘normal’ by cytogeneticists
because they involve heterochromatic regions and occur
in the general population without apparent clinical sig-
nificance [Borgaonkar 1997]. However, previous studies
have reported that the incidence of these variants is higher
in infertile patients [Madon et al. 2005], couples suffering
from recurrent miscarriage [Iyer et al. 2007], and in men
with poor sperm quality [Nakamura et al. 2001;
Nagvenkar et al. 2005; Collodel et al. 2006]. These variants
are quantitative/positional modifications of constitutive
heterochromatin. Constitutive heterochromatin consists

of highly repetitive satellite DNA sequences located on
chromosomes 1, 9, and 16 (centromeric region); the distal
end of the Y chromosome long arm; and the short arms of
acrocentric chromosomes (D/G group).

The heterochromatic variants most frequently asso-
ciated with infertility are variants of chromosomes 9 and
the Y chromosome. Chromosome 9 presents the highest
degree of morphological variation among non-acrocentric
human chromosomes as the pericentromeric region
(between 9p11-12 and 9q11-12/13) is rich in heterochro-
matin [Humphray et al. 2004]. The most common poly-
morphisms are pericentric inversions followed by 9qh+
and 9qh- [Verma et al. 1978]. Chromosome 9 pericentric
inversions are the most frequent inversions in the general
population [Ferguson-Smith 1974]. There are varying pub-
lished opinions regarding their association with infertility
[Teo et al. 1995], recurrent miscarriages, and congenital
abnormalities [Uehara et al. 1992]. Recent compelling
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evidence has proven that the presence of a pericentric
inversion on chromosome 9 is correlated with an increased
rate of sperm aneuploidy. It seems to affect the meiotic
segregation in spermatogenesis [Collodel et al. 2006]. It
also seems to be related to poor seminal quality and infer-
tility in men [Mozdarani et al. 2007]. Variant 9qh+ is also
frequent in humans [Codina-Pascual et al. 2006], and a
statistically significant increase in the frequency of this
variant was observed in infertile patients [Minocherhomji
et al. 2009]. Likewise, Y chromosome polymorphisms (Yqh
+ and Yqh-) are believed to be insignificant variants.
However, recent studies show a higher frequency of Y
chromosome polymorphisms among azoospermic and oli-
gozoospermicmen compared to fertilemen [PennaVideaú
et al. 2001; Nagvenkar et al. 2005].

Heterochromatin variants on acrocentric chromosomes
are another type of frequent chromosome polymorphism.
These heteromorphisms show increased heterochromatin
at the short arm of the chromosome that is close to nucleo-
lar organizer regions (NORs), which contains ribosomal
genes associated with histone proteins. Therefore, changes
in chromatin or proteins and other epigenetic variations
such as methylation of DNA could affect gene expression
and lead to meiotic arrest [Liu et al. 2008]. Even so, the
relationship between the presence of isolated heterochro-
matin variants on acrocentric chromosomes and infertility
is still a very controversial topic, and more data are neces-
sary to resolve this matter. The aim of this work was to
study the relationship between chromosomal polymorphic
variants and infertility and to analyze the association

between these polymorphic variants and aneuploidies in
male gametes and embryos.

Results

MII cytogenetic results

The study design of this retrospective study is outlined in
the Figure 1. A total of 1,551 cytogenetic analyses were
performed from January 2009 to December 2012 and
retrospectively reviewed in this study; this involved 866
infertile patients (study group) and 685 oocyte/sperm
donors (control group). One hundred sixty-eight variant
carriers were reported in the study group (92 males and
76 females), and 92 were reported in the control group (8
males and 84 females). A statistically significant increase
in the frequency of polymorphic variants in the study
group was observed (19.4%, compared with 13.4% in the
control group; P < 0.01). No significant differences were
reported among infertile male and female polymorphism
carriers (18.4% in men vs. 20.8% in women), and there
were no differences between male and female carriers in
the control group (13.3% in men vs. 13.4% in women).
The frequencies of polymorphic variant 9qh+ and acro-
centric polymorphisms (ps+) were higher in the study
group (Table 1). In the study group, the patients with
recurrent pregnancy loss (RPL; n=200) showed a higher
incidence of polymorphic variants compared to controls
(26.5% for the RPL group vs. 13.4% for the control group,
P < 0.001). Polymorphisms 9qh+ and ps+ remained

866 infertile patients 

(study group)

685 oocyte/sperm donors 

(control group)

366 women

1,551 Cytogenetic studies

145 men

Sperm analysis by FISH

500 men

Sperm count analysis

200 infertile patients 

(Recurrent pregnancy loss; RPL)

304 men

(Normal sperm count)

121 men

(Oligozoospermia)

39 men 

(Cryptozoospermia)

36 men

(Azoospermia)

500 men 100 men 100 women 60 men 625 women

Figure 1. Study design. Flowchart of the retrospective study describing the number of infertile patients and sperm/oocyte donors
who were included in the study. As shown, the RPL group is a subset of the study group.
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increased in the RPL group. Differences in the frequency
of variants between the RPL and control groups are
shown in Table 1. No differences were observed in all
other groups (i.e., unexplained infertility, poor sperm
quality, and low ovary response groups).

Sperm aneuploidy and sperm count analysis

Sperm fluorescent in situ hybridization (FISH) analysis
from 145 infertile men was compared in both groups of
men (i.e., 53 polymorphism carriers and 92 non-carriers).
FISHwas performedwith probes specific for chromosomes
X, Y, 13, 18, and 21. An illustrative example is shown in
Figure 2. Statistically significant differences were observed
for the frequency of abnormal sperm between polymorph-
ism carriers and non-carriers; 20men showed an abnormal
rate of sperm aneuploidy in the carrier group vs. 15 in the
non-carrier group (37.7% vs. 16.3%; P < 0.01). In the carrier
group, we reported the frequency of each polymorphism in
men with normal and abnormal sperm, as detected by
FISH (Table 2). The percentage of men carrying variants
on acrocentric chromosomes (ps+) was increased among
the abnormal sperm group (40.0% compared to 16.4% in
the normal sperm group; P < 0.01). 21ps+ was the most

frequent variant in men with an abnormal sperm aneu-
ploidy rate (Table 2).

To analyze the relationship between polymorphic var-
iants and the sperm count, men from the study group
(n=500) were classified into four groups (men with nor-
mal sperm count and oligozoospermic, cryptozoosper-
mic, and azoospermic men). The percentages of carrier
and non-carrier men within the different groups are
shown in Table 3a. Polymorphism carriers and non-car-
riers displayed similar frequencies in the four groups.
According to the sperm count, among the patients who
performed sperm FISH, there were no differences in the
percentages of men with normal sperm count, oligozoos-
permic, and cryptozoospermic men between carrier and
non-carrier groups (Table 3b).

Embryo aneuploidy analysis

The association between female chromosomal polymorph-
isms and the oocyte aneuploidy rate was tested by analyzing
embryo aneuploidies in 301 embryos fromoocyte donation
cycles. In these instances, oocyte donors were divided into
polymorphism carriers and non-carriers. We selected only
oocyte donation cycles because donors were young women

Table 1. Frequency of chromosome variants in control and study/RPL groups.
Control group Study group RPL group

Polymorphism
No. of individuals

(n=685)
Frequency

(%)
No. of individuals

(n=866)
Frequency

(%) P
No. of individuals

(n=200)
Frequency

(%) P

Inv(9)a 10 1.5 14 1.6 NS 4 2.0 NS
9qh+ 6 0.9 19 2.2 <0.05 8 4.0 <0.01
9qh- 1 0.1 6 0.7 NS 2 1.0 NS
1qh+ 10 1.5 11 1.3 NS 4 2.0 NS
16qh+ 1 0.1 4 0.5 NS 0 0.0 NS
ps+b 64 9.3 110 12.7 <0.05 31 15.5 <0.05
Yqh+c 0 0.0 4 0.8 NS 4 4.0 NS
Total 92 13.4 168 19.4 <0.01 53 26.5 <0.001

aInv(9)p11q13; bAcrocentric polymorphisms (chromosomes D/G group); cYqh+ percentage only refers to males. Fisher’s test was performed for statistical
analysis. RPL: recurrent pregnancy loss; NS: not statistically significant.

Figure 2. Example of sperm FISH result. (A) Triple color FISH for chromosomes X (green), Y (red), and 18 (blue). (B) Double color FISH
for chromosomes 13 (green) and 21 (red). FISH: fluorescent in situ hybridization.
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with normal ovarian function. In 75 analyzed cycles, 28
oocyte donors carried a polymorphic variant, and 47
donors were non-carriers. The data from the cycles are
shown in Table 4. There were no significant differences
with respect to the number of retrieved oocytes, MII
oocytes, and embryos biopsied between carrier and non-
carrier groups. Differences were found in the embryo aneu-
ploidy rate between groups. The embryo aneuploidy rate

was higher in cycles in which the oocyte donor carried a
polymorphic variant (50.0% in carrier group vs. 27.6% in
non- carrier group; P < 0.001). Differences in female age
between groups were also reported (Table 4). As the donor
age was higher in the carrier group than the non-carrier
group, we adjusted the statistical analysis using logistic
regression with female age as the confounding factor. The
adjusted analysis remained significant among carrier and
non-carrier groups (OR=2.747, 95% CI=1.039-7.264; P <
0.05). According to the type of aneuploidy (monosomy or
trisomy), the percentage of embryos with a single aneu-
ploidy was different between the groups (Table 4). The
monosomies were more frequent among the embryos
from female carriers than those fromnon-carriers, however
the trisomies were more frequent among the non-carrier
group. The percentage of the embryos with complex aneu-
ploidies was similar in both groups.

Discussion

The relationship between chromosomal polymorphic var-
iants and infertility is a controversial topic. Numerous
studies have been performed to clarify how these variants
could affect different parameters of human fertility. Some

Table 2. Frequency of chromosome variants in men with
abnormal and normal sperm FISH results.

Abnormal sperm group Normal sperm group

Polymorphism
No. of men
(n=35)

Frequency
(%)

No. of men
(n=110)

Frequency
(%) P

Inv(9)a 1 2.9 3 2.7 NS
9qh+ 1 2.9 3 2.7 NS
9qh- 1 2.9 1 0.9 NS
1qh+ 1 2.9 3 2.7 NS
16qh+ 1 2.9 1 0.9 NS
Yqh+ 1 2.9 4 3.6 NS
ps+ 14 40.0 18 16.4 <0.01
21ps+ 7 20.0 5 4.5 <0.01
22ps+ 4 11.4 8 7.3 NS
13ps+ 1 2.9 1 0.9 NS
14ps+ 0 0.0 1 0.9 NS
15ps+ 2 5.7 3 2.7 NS

aInv(9)p11q13; Fisher’s test was performed for statistical analysis. FISH:
fluorescent in situ hybridization; NS: not statistically significant.

Table 3. Frequency of carriers and non-carriers among infertile men (a) and infertile men who performed sperm FISH (b) in the
different groups of sperm count.
(a). Frequency of carriers and non-carriers among infertile men in the four groups of sperm count.

Carrier group Non-carrier group

No. of men (n = 92) Frequency (%) No. of men (n = 408) Frequency (%) P

Men with normal sperm count (n = 304) 52 56.5 252 61.8 NS
Oligozoospermic men (n = 121) 25 27.2 96 23.5 NS
Cryptozoospermic men (n = 39) 9 9.8 30 7.4 NS
Azoospermic men (n = 36) 6 6.5 30 7.4 NS

Fisher’s test was performed for statistical analysis. NS: not statistically significant.

(b). Frequency of carriers and non-carriers among infertile men who performed sperm FISH in the different groups of sperm count.

Carrier group Non-carrier group

No. of men (n = 53) Frequency (%) No. of men (n = 92) Frequency (%) P

Men with normal sperm count (n = 86) 35 66.0 51 55.4 NS
Oligozoospermic men (n = 44) 12 22.7 32 34.8 NS
Cryptozoospermic men (n = 15) 6 11.3 9 9.8 NS

Fisher’s test was performed for statistical analysis. FISH: fluorescent in situ hybridization; NS: not statistically significant.

Table 4. Data from oocyte donation cycles among carrier group and non-carrier group.
Carrier group Non-carrier group P

No. of oocyte donors 28 47
No. of embryos analysed 102 199
Female age years (range) 27.5 (26.7-28.3) 25.6 (25.1-26.0) <0.05
No. of oocytes retrieved (mean ± SD) 13.1 ± 2.3 13.5 ± 2.6 NS
No. of MII (mean ± SD) 12.2 ± 2.2 11.9 ± 2.3 NS
No. of embryos biopsied (mean ± SD) 3.6 ± 1.2 4.2 ± 1.6 NS
Embryo aneuploidy rate n (%) 51 / 102 (50.0) 55 / 199 (27.6) <0.001*
Embryos with a single monosomy n (%) 34 / 51 (66.7) 25 / 55 (45.5) <0.05
Embryos with a single trisomy n (%) 3 / 51 (5.9) 13 / 55 (23.6) <0.05
Embryos with a complex aneuploidya n (%) 14 / 51 (27.4) 17 / 55 (30.9) NS

aComplex aneuploidy: combination of monosomies and/or trisomies.
Student’s t-test was performed for continuous data. Fisher’s test was performed for categorical data. NS: not statistically significant. *P value from the logistic
regression was adjusted with female age.
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research has shown an increased incidence of these poly-
morphisms in infertile couples [Madon et al. 2005;
Minocherhomji et al. 2009; Caglayan et al. 2010; Mierla
and Stoian 2012], but these data needed to be confirmed
with additional studies in larger populations. The present
study, carried out on 866 infertile patients and 685 gamete
donors attending Instituto Bernabeu, shows a higher inci-
dence of polymorphisms among infertile populations. This
observation suggests a possible association between the
presence of these polymorphisms and infertility and sup-
ports previously published data. This study differs from
others because it incorporates the use of fertile gamete
donors as a control population. Unlike other studies
[Madon et al. 2005; Minocherhomji et al. 2009], that
found a higher incidence of variants among infertile men
than among infertile women, our study shows that this
difference between sexes is not statistically significant. As
has been observed in previous studies, the analysis of each
variant separately showed that 9qh+ was increased among
our infertile patients. This suggested amechanismwhereby
meiotic segregation on that chromosome could be affected
as heterochromatin increased, disturbing normal gameto-
genesis. Acrocentric short arm variants (D/G group) are
another type of polymorphism that was increased among
our study population. These data agree with recent pub-
lications [Madon et al. 2005; Minocherhomji et al. 2009;
Hong et al. 2011], supporting the hypothesis that hetero-
chromatic changes on acrocentric chromosomes could also
disturb meiosis and result in reduced fertility [Codina-
Pascual et al. 2006]. Moreover, recurrent pregnancy loss
seems to be related to the presence of polymorphic variants
because 26.5% of the RPL patients included in this work
carried variants compared to 13.4% of controls. These data
agree with many reports that have demonstrated a higher
incidence of polymorphisms among couples who have
experienced spontaneous recurrent miscarriages [Tsenghi
et al. 1976; Nielsen 1978; Caglayan et al. 2010].

Because these polymorphic variants could affect sper-
matogenesis in men, this study evaluated the relationship
between polymorphisms and seminal parameters, such as
sperm count and sperm aneuploidy rate. Our results
showed that sperm count was not affected by the presence
of polymorphic variants in infertile males. These data are
in agreement with that of previous studies [Kalantari et al.
2001; Yakin et al. 2005; Liang et al. 2014]. However, other
studies show a higher frequency of chromosomal variants
among azoospermic and oligozospermic men [Penna
Videaú et al. 2001; Nagvenkar et al. 2005]. Therefore,
further studies would be needed to clarify the relationship
between these two factors.We also examined the relation-
ship between polymorphic variants and sperm aneuploidy
rate using FISH. There was a clear relationship between
polymorphisms and sperm chromosome aneuploidy.

Infertile men carrying polymorphisms showed a higher
incidence of sperm aneuploidy, independent of their
sperm count. Only two studies have evaluated the rate
of aneuploidy in the spermatozoa of men carrying poly-
morphisms. Collodel et al. [2006] reported an increased
incidence of diploidy in men with chromosome 9 inver-
sions, and in a study by Yakin et al. [2005], FISH analysis
in oligoasthenoteratozoospermic men with 9qh+ showed
an increased rate of sperm aneuploidy. However, an inter-
esting finding from this study that has not been previously
reported is that the sperm aneuploidy is associated with
polymorphisms on acrocentric chromosomes, specifically
on chromosome 21. Twenty percent of men with abnor-
mal sperm detected by FISH carried the variant 21ps+
compared with 4.5% of men with normal FISH results (P
< 0.01). Following this finding, we postulate that all of
these variants could affect meiotic segregation in male
gametes and lead to a higher rate of aneuploid embryos.

To determine if polymorphisms could affect meiotic
segregation in female gametes, whole chromosome
imbalances in 301 embryos from oocyte donation
cycles were analyzed. The influence of male factor in
embryo aneuploidies was excluded because we selected
only cycles in which the male partner had a normal
karyotype and sperm FISH data. As the average donor
age in the carrier group was higher than that in the
non-carrier group (27.5 vs. 25.6; P < 0.05), the statis-
tical analysis was adjusted by logistic regression using
female age as a confounding factor, and differences in
embryo aneuploidy rates among groups were observed
(50.0% in the carrier group vs. 27.6% in the non-carrier
group; P < 0.001). Data reported by Franasiak et al.
[2014] showed that female age is not associated with an
increase in the prevalence of embryo aneuploidy in
women 25 to 30 years old. According to our data
there is a higher incidence of monosomies in embryos
from female carriers compared with embryos from
non-carriers. These results suggest that the presence
of a polymorphic variant in females increases the prob-
ability of embryo aneuploidies, especially embryo
monosomies. Interestingly, a study performed by
Liang et al. [2014] showed that female polymorphism
carriers had a lower embryo cleavage rate after IVF
cycles compared to non-carrier women. The results
obtained in our study could be an explanation for the
effect found by Liang et al. [2014]. The higher rate of
embryo aneuploidies in female carriers compared with
non-carriers could lead to lower cleavage rates in these
women.

Our data show an association between polymorph-
isms and aneuploidies in spermatozoa, and for the first
time, this study reveals that female polymorphism car-
riers have a higher risk for embryo aneuploidy than
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females with a normal karyotype. Therefore, the appli-
cation of a comprehensive chromosome screening
(array-CGH) to select euploid embryos could improve
IVF success rates among infertile male and female
chromosomal polymorphism carriers. Moreover, to
ensure a good success rate in an assisted reproduction
procedure with donated gametes, we should consider
withdrawing the oocyte donors with polymorphic var-
iants from the donation program, and analyzing the
rate of sperm aneuploidy in the sperm donors carrying
a polymorphism in order to accept these males into the
sperm bank.

Materials and methods

Study and control populations

We retrospectively included all cytogenetic studies per-
formed at the Instituto Bernabeu from January 2009 to
December 2012 that involved infertile patients (study
group) and oocyte/sperm donors (control group). This
study involved only retrospective analysis of anon-
ymous medical records and it was approved by the
Instituto Bernabeu Institutional Review Board. A total
of 866 individuals formed the study group: 500 men
and 366 women. The control group included 685
donors: 60 men and 625 women. To be included in
the study, female and male donors had to be between
the age of 18 and 35 and meet the European Society of
Human Reproduction and Embryology/American
Society for Reproductive Medicine [ESHRE 2002;
ASRM 2013] guidelines for oocyte/sperm donation
and the Instituto Bernabeu donation program require-
ments, which include extensive chromosomal and
genetic screening. The fertility study performed on all
patients included ultrasound scans to assess antral fol-
licle count and uterine morphology, hormonal analysis,
spermiogram, and karyotyping. The clinical indications
for karyotyping in the study group were unexplained
infertility (n=403; 240 men and 163 women), RPL
(n=200; 100 men and 100 women), poor sperm quality
(n=146 men), low ovarian response (n=103 women),
and other indications (n=14 men). In 145 men from the
study group, a sperm analysis by FISH was also con-
ducted to evaluate the rate of aneuploidy in the
spermatozoa.

To analyze the relationship between sperm count
and polymorphic variants, infertile men (n=500;
chromosomal polymorphism carriers and non-car-
riers) were classified into four groups according to
WHO [2010] sperm count criteria: men with normal
sperm count (n=304), oligozoospermic men (n=121),
cryptozoospermic men (<1x106 spermatozoa/ml)

(n=39), and azoospermic men (n=36). The study
design of this retrospective study is outlined in the
Figure 1.

To study the possible influence of female poly-
morphisms on the embryo aneuploidy rate, we
included the array-CGH (comparative genomic hybri-
dization) results of 301 embryos from oocyte donation
cycles performed between 2013 and 2014, in which the
oocyte donors were divided into polymorphism carriers
and non-carriers (male karyotype and sperm FISH data
were normal in all cases). Twenty-eight and 47 oocyte
donors were included in the carrier and non-carrier
groups, respectively. The main outcome measure was
embryo aneuploidy rate.

Cytogenetic analysis

Chromosome analysis was carried out according to the
International System for Human Cytogenetic
Nomenclature guidelines [Shaffer et al. 2009].
Lymphocytes from heparinized blood samples were
cultured using Chang MF medium (Gibco, Life
Technologies, Madrid, Spain) supplemented with phy-
tohaemagglutinin and incubated for 72 h at 37ºC.
Metaphases were obtained by GTG banding using stan-
dard protocols. At least 20 metaphases were analyzed
for each case using light microscopy. The banding
resolution was 400-550 bands per haploid set. All kar-
yotypes were evaluated by two geneticists to avoid
variable results.

Polymorphic variants

The reported polymorphisms were variations in the
length of the centromeric heterochromatin on the
long arms of chromosomes 1, 9, and 16 (1qh+, 9qh+,
9qh-, 16qh+) and the distal heterochromatin on Y
chromosome (Yqh+). Increased lengths of the satellites
(ps+) of acrocentric D and G group chromosomes (13,
14, 15, 21, and 22) were also reported. Polymorphisms
were included as a variant when the chromosome
region was greater or smaller than the same region on
the homologous chromosome (at least twice the size of
the corresponding region on the other homologue).
The Y chromosome was compared with chromosome
22. The pericentric inversion of chromosome 9 was also
counted as a heteromorphic variant.

FISH

Sperm samples were treatedwith a hypotonic solution (KCl
0.56%) followed by Carnoy fixative. Fixed cells were
dropped onto wet slides and air-dried (two slides per
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sample). For spermmembrane permeabilization and nuclei
decondensation, the slides were washed twice in 2x saline-
sodium citrate solution (SSC) for 3 min, dehydrated in an
ethanol series (70%, 90%, 100%) for 2 min each, and incu-
bated in 5 mmol dithiothreitol (DTT) with 1% Triton
X-100 for 10 min at 37ºC. The slides were washed twice
in 2x SSC, dehydrated for 2 min, and air dried. A double
and a triple color FISH were performed on each sample,
using DNA probes specific for chromosome X (CEP X
SpectrumGreen, Xp11.1-q11.1), for chromosome Y (CEP
Y SpectrumOrange, Yp11.1-q11.1), and for chromosome
18 (CEP 18 SpectrumAqua, 18p11.1-q11.1), and DNA
probes specific for chromosome 13 (LSI 13
SpectrumGreen, 13q14) and chromosome 21 (LSI 21
SpectrumOrange, 21q22.13-q22.2), using the commercial
kit AneuVysion (CEP18, X, Y-alpha satellite, LSI 13 and 21;
Vysis, Abbott Laboratories, IL, USA). Probe mixtures were
added to the corresponding slide, and the slideswere placed
into a pre-warmed 73ºC hybridization chamber (HYBrite™)
for 3min to denature the sperm sample and the probes and
incubated for aminimumof 12 h at 37ºC in a wet chamber.
After incubation, the slides were rinsed in 0.4x saline citrate
solution and 0.3% NP-40 at 73°C for 2 min and then in 2x
standard saline citrate solution and 0.1% NP-40 at room
temperature for 30 s. Preparations were counterstained
with 4,6-diamidino-2-phenylindole dihydrochloride
(DAPI; Vysis) and observed using an Olympus fluores-
cence microscope (Figure 2), following the assessment cri-
teria described previously by Blanco et al. [1996]. The
hybridization rate was above 90% in all the analyzed sam-
ples. Manual analysis was performed, and a minimum of
500 spermatozoa were evaluated for each patient and probe
mixture. The rates of disomic and diploid spermatozoa
were calculated and compared with those of the control
population. A FISH result was considered abnormal when
the diploid or disomic rate for at least one of the five
analyzed chromosomes was higher than that observed in
the control group (the control group consisted of 10 healthy
sperm donors with normal karyotype and proven fertility).
Themean disomy frequency in the control group was 0.1%
for chromosomes 13 and 18, 0.14% for chromosome 21,
and 0.45% for sex chromosomes, and the mean frequency
for diploid spermatozoa was 0.3%. These values are accord-
ing to the spermaneuploidy levels inmales from the general
population [Egozcue et al. 1997].

Array-CGH

Whole chromosome imbalances were detected by array-
CGH in trophectoderm cells from D5 embryos. Array-
CGH analysis was performed using Agilent SurePrint G3
8x60K CGH microarrays with previous whole genome
amplification (WGA) of genomic DNA. Trophectoderm

cells were first lysed and the genomic DNA was amplified
with the use of the PicoPLEX WGA system (Rubicon
Genomics, MI, USA) according to the manufacturer’s
protocol. WGA products were fluorescently labelled
(Cy5) and competitively hybridized to 8x60K CGH
microarrays with a PicoPLEX-amplified reference (XY
male) for 16 h at 65ºC. Reference DNA samples were
prepared according to sample preparation methods,
amplified using the procedure specified in the PicoPLEX
protocol and fluorescently labelled with Cy3. Data
extracted from the scanned microarray image were ana-
lyzed with Agilent CytoGenomics Software to detect
whole chromosome aneuploidies for all chromosomes.

Statistical analysis

The statistical analysis was performed with Statistical
Package for Social Sciences software, version 20.0
(SPSS; Chicago, IL, USA). Values are reported as per-
centages for categorical variables and averages ± SD for
continuous data. Differences between groups were eval-
uated using the Fisher’s exact statistical test for catego-
rical variables and Student’s t-test for continuous data.
Logistic regression using donor age as a possible con-
founding factor was performed for aneuploidy rate. All
p-values obtained were two-tailed. P < 0.05 was con-
sidered significant; P < 0.01 was considered very statis-
tically significant; P < 0.001 was considered highly
statistically significant.
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