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Sperm fluorescence in situ hybridization study in nine
men carrying a Robertsonian or a reciprocal
translocation: relationship between segregation modes
and high-magnification sperm morphology
examination
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Objective: To evaluate whether observation of spermatozoa at�6,100 magnification can distinguish between those
with and without a balanced chromosomal content.
Design: Retrospective research study.
Setting: Genetics laboratory of a university hospital and in vitro fertilization center.
Patient(s): Six men carrying a reciprocal translocation and three men with a Robertsonian translocation.
Intervention(s): Sperm fluorescence in situ hybridization (FISH) with a specific set of three probes for each trans-
location for determining chromosomal content, performed on both unselected spermatozoa and on spermatozoa
selected at �6,100 magnification according to the Cassuto-Barak classification.
Main Outcome Measure(s): Chromosomal content in unselected and selected spermatozoa.
Result(s): Chromosomal translocations lead to gametes carrying either a balanced or an unbalanced karyotype in
offspring and consequently to changes in chromosome position within sperm nucleus and potentially in nuclear
morphology. In the unselected spermatozoa, the rate of chromosomally balanced nuclei ranged from 37.1% to
52.6% and from 70% to 88.6% in reciprocal and Robertsonian translocations, respectively, which is in agreement
with published data. In selected spermatozoa, there was no statistically significant difference between the rates of
segregation modes when compared with their frequencies in unselected sperm cells.
Conclusion(s): The observation of spermatozoa at high-magnification in translocation carriers cannot be used to
select sperm cells with a balanced chromosomal content. (Fertil Steril� 2011;96:826–32. �2011 by American
Society for Reproductive Medicine.)
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In chromosomal translocation carriers, meiosis completion implies adjacent 2, and 3:1 segregationmodes) gametes. Sperm fluorescence

the normal pairing of translocated segments, which is achieved by
the formation of complex chromosome assemblies designed as triva-
lent in Robertsonian translocations and quadrivalent in reciprocal
translocations. At the end of meiosis I, segregation of the translo-
cated and nontranslocated chromosomes from the two different
chromosome pairs implicated leads to the formation of either
balanced (alternate segregation mode) or unbalanced (adjacent 1,
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in situ hybridization (FISH) using appropriate probes is a useful
technique for predicting the rate of each class of segregation modes
in ejaculated spermatozoa from translocation carriers, and many
studies have been published on this topic in the last decade (1, 2).
However, although it may vary from one translocation to the
other, the rate of unbalanced gametes is generally not conclusive
enough for genetic counseling (3) and does not allow discrimination
between high- and low-risk pregnancies. As a consequence, most of
these pregnancies undergo fetal karyotype testing after chorionic
villus sampling or amniocentesis.

An alternative to invasive fetal cell sampling, and also to medical
abortion of a chromosomally affected fetus, is preimplantation ge-
netic diagnosis (PGD), which requires an in vitro fertilization
(IVF) procedure and particularly intracytoplasmic sperm injection
(ICSI). Preimplantation genetic diagnosis is increasingly proposed
to couples because men carrying a chromosomal translocation are
often oligozoospermic (4). In that case, sperm-FISH is a good
0015-0282/$36.00
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TABLE 1
Characteristics and discovery mode of the nine translocations studied.

Patient Karyotype Age (y) Discovery mode ART PGD Healthy child FISH probes

P1 46,XY,t(7p;16q) 40 Recurrent spontaneous

abortions (3) and

malformation

syndrome

ICSI/IMSI Pending 0 CEP 7 (SA), Contig Subtel

7p (SG), Contig Subtel

16q (SO)

P2 45,XY,rob(13;14) 30 Infertility Pending 0 CEP 18 (SA), Contig

Subtel 13q (SG), Contig

Subtel 14q (SO)
P3 46,XY,t(11q;17q) 28 Infertility IVF 0 CEP 17 (SA), Contig

Subtel 11q (SG), Contig

Subtel 17q (SO)

P4 46,XY,t(7p,9q) 41 Recurrent spontaneous
abortions (2)

1 CEP 7 (SA), TelVysion 7p
(SG), TelVysion 9q (SO)

P5 46,XY,t(10q;16p) 27 Familial transmission 0 CEP 16 (SA), Contig

Subtel 10q (SG), Contig

Subtel 16p (SO)
P6 46,XY,t(5p;6q) 38 Recurrent spontaneous

abortions (6)

1 CEP 6 (SA), Contig Subtel

5p (SG), Contig Subtel

6q (SO)
P7 45,XY,dic(13;14) 38 Fortuitous IVF/IMSI 2 CEP 18 (SA), Contig

Subtel 13q (SO), Contig

Subtel 14q (SG)

P8 46,XY,t(6;17) 39 Infertility ICSI/IMSI 0 CEP 17 (SA), Contig
Subtel 6p (SG), Contig

Subtel 17q (SO)

P9 45,XY,rob(14;21) 40 Malformation

syndrome

ICSI 1 CEP 18 (SA), Contig

Subtel 14q (SO), Contig
Subtel 21q (SG)

Note: Most patients are engaged in ART and/or PGD procedures. Sets of probes used in reciprocal translocations consisted of one centromeric and two

telomeric probes. In Robertsonian translocations, two telomeric probes were sufficient although an autosomal centromeric probe was necessary to dis-

tinguish sperm nuclei with a 3:0 segregation mode from diploid nuclei. ART ¼ assisted reproductive techniques; CEP ¼ chromosome enumeration probe

(CEP Probes, Abbot Molecular); FISH ¼ fluorescence in situ hybridization; ICSI ¼ intracytoplasmic sperm injection; IMSI ¼ intracytoplasmic morpholog-

ically selected sperm injection; IVF ¼ in vitro fertilization; PGD ¼ preimplantation genetic diagnosis; SA ¼ spectrum aqua; SG ¼ spectrum green;

SO ¼ spectrum orange; TelVysion ¼ Vysis Locus Specific Probe (Abbot Molecular).
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predictor of IVF and PGD outcome (5); however, in no way can it be
used as a tool for choosing the ‘‘good’’ spermatozoa to be injected by
ICSI—that is, the sperm that are chromosomally balanced.

Except for particular sperm morphologic abnormalities associ-
ated with high levels of sperm aneuploidy (6–8), sperm-FISH has
not revealed any strong relationship between teratozoospermia
and chromosomal sperm content (9). Moreover, in considering
morphologic criteria such as sperm head, tail length, head shape,
and Kruger strict morphology, no association has been made
between teratozoospermia and numerical chromosomal aberrations
(10). In translocation carriers, only case reports dealing with
global and nonspecific teratozoospermia in sperm have been pub-
lished (11, 12). However, teratozoospermia is unlikely to be the
consequence of chromosomal rearrangements, as discrepancies
have been described between carriers of the same familial
translocation (13).

Because all these studies have been performed using classic light
microscopy at standard magnification, the question arises as to
whether high-magnification observation of sperm cells in transloca-
tion carriers could find a relationship between sperm morphology
and chromosomal content. Here we describe the analysis by FISH
of living spermatozoa selected at �6,000 magnification in nine
translocation carriers.
Fertility and Sterility�
MATERIALS AND METHODS
Patients
Nine men carrying either a balanced reciprocal or a Robertsonian transloca-

tion were included in the study. Six were carrying a reciprocal translocation

and three a Robertsonian translocation (Table 1). The age range was 27 to 41

years old. The diagnosis of translocation was made as part of an infertility

work-up (P2, P3, P8), a recurrent miscarriages work-up (P4 and P6), after

amniocentesis made for fetal malformations at ultrasound examination (P1

and P9), in the course of familial investigations (P5), or fortuitously (P7).

The familial transmission or de novo emergence of the translocation was

not evaluated except for patient P5.

Three patients (P4, P6, P7) had one child conceived spontaneously. Patient

P9 needed assisted reproductive techniques (ART) to conceive his child, as

did P7 for his second child. Children of P7 and P9 were carriers of the bal-

anced paternal translocation. Among the childless couples, three (P1, P3,

P8) had already had unsuccessful ART attempts, and two (P1 and P2) were

asking for preimplantation genetic diagnosis. Patient P5 did not attempt to

conceive at the time of the study. All patients included in this study gave their

informed consent.
Semen Samples
Semen collection was performed in the laboratory by masturbation, and the

semen was liquefied at 37�C for 30 minutes. The sexual abstinence period

ranged from 1 to 5 days except for P5 who presented after 15 days of
827



FIGURE 1

Patient P6. (A) Ideogram of chromosomes implicated in the reciprocal translocation (arrows indicate breakpoints). (B) Chromosomes 5 and 6

involved in the translocation in GTG-banding. Color and localization of the probes used in sperm fluorescence in situ hybridization (FISH): (C)
Checking of probes on metaphase chromosomes: CEP 6 (spectrum aqua), Contig Subtel 5p (spectrum green), Contig Subtel 6q (spectrum

orange). (D) Diagramof pachytene and spermFISH showing a balanced sperm nuclei (alternate segregationmode) and themost frequent type

of unbalanced sperm cell (adjacent 1 segregation mode).
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abstinence. Sperm quality parameters were analyzed according to the

World Health Organization (14) recommendations. Morphology of sperma-

tozoa was evaluated according to Tygerberg strict criteria (R14% typical

forms) (15).
828 Cassuto et al. Sperm FISH in translocation carriers
Sperm Preparation and Selection
Motile spermatozoa were selected in Irvine Isolate (45% to 90%) column

gradients. Sperm pellets were washed with phosphate-buffered saline

(PBS) and then divided in two parts, one for FISH on unselected spermatozoa
Vol. 96, No. 4, October 2011



TABLE 2
Sperm characteristics of the nine translocated patients.

Patients Volume (mL) Count (millions/mL)

Mobility (%)

Spermocytogram (%)a b c D d

P1 3.1 45 5 10 85 4

P2 1.4 28 15 25 60 12

P3 1.65 0.2 10 20 70 4

P4 4 150 40 20 40 16
P5 3.2 70 40 10 50 10

P6 2.8 45 40 10 50 14

P7 2 40 20 20 60 9
P8 3.4 2.2 10 20 70 4

P9 4 2 0 5 95 4

Cassuto. Sperm FISH in translocation carriers. Fertil Steril 2011.
and the other for microscopic selection at�6,100magnification before FISH.

The former were fixed directly in methanol/acetic acid (3:1) and either spread

directly on glass slides for FISH or frozen at �20�C until spreading.

Sperm selection was made using a contrast inverted microscope (Olympus

IX71) equipped with Nomarski optics. After washing, sperm was deposited

in human tubal fluid (HTF) medium containing 50% polyvinylpyrrolidone

(PVP). High-magnification observation of spermatozoa was performed at

�6,100 to determine their score by use of the Cassuto-Barak classification

(16). Three criteria were taken into account: the shape of the head, the

presence and the size of vacuoles, and the normality of the base. Scores in

this classification range from 0 to 6. Class 1 (scores 4 to 6) comprises

high-quality spermatozoa, class 2 (scores 1 to 3) are medium-quality sperma-

tozoa, and class 3 (score 0) is low-quality spermatozoa.

Approximately 30 to 50 spermatozoa per class were collected and placed

on a glass microscope slide in a 5-mL drop of PBS. They were fixed in meth-

anol/acetic acid (3:1) immediately after the drop had dried out.

Probes
For each patient, two noncommercial subtelomeric probes labeled respec-

tively by spectrum green and spectrum orange, and one commercial centro-

meric probe labeled by spectrum aqua (Vysis for all reagents) were used (see

Table 1). For Robertsonian translocations, only two subtelomeric probes

were used, but a centromeric probe for chromosome 18 was added in the

probe mix to distinguish spermatozoa with a 3:0 segregation mode from dip-

loid nuclei.

Noncommercial probe preparations were made of contigs of subtelomeric

regions clones selected on the UCSC Genome Bioinformatics (http://ge

nome.ucsc.edu) Web site and spanning an average of 1 megabase. The jux-

taposition of signals obtained for each clone provided an increase of signal

intensity. The DNA amplification from bacterial artificial chromosomes

(BAC) was performed from glycerol cultures of bacteria using the Rolling

Circle Amplification (RCA) technique. Probes were then labeled by nick

translation.

FISH Procedures and Scoring Criteria
For each patient, probes were first tested on metaphase chromosomes by use

of classic cytogenetic and FISH techniques. Sperm FISHwas then performed

as previously described elsewhere (17). Signals were observed using an

Olympus BX-UCB microscope equipped with specific filters.

For each patient, 250 nonselected spermatozoa and 30 to 50 selected sper-

matozoa of each class were analyzed. Spermatozoa were identified as carry-

ing two signals of the same probe if the two fluorescent spots were [1] of the

same color and of similar size and intensity, [2] separated by a distance of at

least one spot, [3] not connected by a fluorescent bridge, and [4] of similar

size and intensity compared with neighboring germ cells.

The FISH pattern of a sperm cell carrying a normal or a balanced translo-

cated chromosomal content consisted of one blue spot, one red spot, and one
Fertility and Sterility�
green spot. On the other hand, FISH patterns of spermatozoa carrying unbal-

anced chromosomal contents vary from one translocation to the other accord-

ing to the location of probes on the pachytene diagrams (Fig. 1).

Controls and Statistical Analysis
Patients were their own controls. Indeed, the aim of the study was to compare

the segregation modes in each class of selected spermatozoa with their fre-

quencies in nonselected ones. Statistical differences were evaluated using

Fisher’s exact test of Fisher. P%.05 was considered statistically significant.

RESULTS
Sperm Parameters
Evaluation of sperm parameters of each patient is presented in
Table 2. Two patients (P2 and P3) presented with hypospermia. The
sperm count was normal for all the patients, except for P3, P8, and
P9 who presented with severe oligozoospermia. Six patients (P1,
P2, P3, P7, P8, and P9) presented with asthenozoospermia. Sperm
morphology, analyzed on Harris-Shorr stained slides according to
the classification of Kr€uger, revealed teratozoospermia in all patients
except P4 and P6. Sperm abnormalities were mainly localized in
the nuclear head. Sperm analysis revealed important variations within
our population. P4 presented the best normal sperm parameters.

Karyotype
Every patient had his karyotype checked by classic cytogenetic
methods and by FISH. This procedure allowed modification of the
chromosomal breakpoints of the t(7;16) in P1, which had been estab-
lished by another laboratory. This mistake, if uncorrected, would
have led to an erroneous position of probes on chromosome 16 re-
sulting in an overestimation of the 3:1 segregation mode and an un-
derestimation of the adjacent 1.

Meiotic Segregation Patterns
Percentages of the different segregation modes in both reciprocal
and Robertsonian translocations are presented in Table 3. In nonse-
lected spermatozoa from the six reciprocal translocation carriers
(P1, P3, P4, P5, P6, and P8), the percentage of balanced sperm nuclei
ranged from 37.1% (P6) to 52.6% (P4) (mean: 46%) thus indicating
that alternate segregation mode was the most common in these pa-
tients. Therefore, the global percentage of unbalanced segregation
ranged from47.4% to 62.9%, the adjacent 1mode being themost fre-
quent of the unbalanced modes in all patients. In Robertsonian trans-
location carriers (P2, P7, and P9), the rate of balanced spermatozoa
829
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TABLE 3
Sperm fluorescence in situ hybridization (FISH) results in (A) reciprocal translocation carriers and (B) Robertsonian

translocations carriers.

A

MSOME scorea

P1 P3 P4 P5 P6 P8

Class I: 0
Class II: 30
Class III: 70

Class I: 10
Class II: 55
Class III: 35

Class I: 10
Class II: 50
Class III: 40

Class I: 25
Class II: 50
Class III: 25

Class I: 10
Class II: 60
Class III: 30

Class I: 5
Class II: 60
Class III: 35

Alternate segregation
NS 50% 44.40% 52.60% 47.80% 37.10% 44%

Class I X 43.40% 53% 59.60% 23.40% 40%

Class II 43.30% 53.50% 64% 55% 35.50% 46%

Class III 50% 38.30% 41.20% 51.70% 39.10% 44.7
Adjacent I

NS 42% 25.30% 25.20% 31.30% 29.40% 28.40%

Class I X 26.60% 24.70% 25.40% 40% 40%
Class II 46.70% 30.30% 11%b 25.90% 38.70% 26%

Class III 43.30% 36.7% 30.20% 20.90% 34.80% 36.80%

Adjacent II

NS 0 6.60% 5.40% 7.60% 12% 10.80%
Class I X 20%b 5.10% 8.50% 16.70% 10%

Class II 0 8.40% 9% 8.6% 19.30% 12%

Class III 0 10% 4.60% 8.60% 13% 10.50%

3:1
NS 8% 23.70% 16.80% 13.30% 21.50% 16.70%

Class I X 10%b 17.20% 6.50% 20% 10%

Class II 10% 7.80%b 16% 10.50% 6.40%b 16%
Class III 6.70% 15% 9.30% 18.80% 13.10% 8%

B

MSOME scorea

P2 P7 P9

Class I: 15
Class II: 55
Class III: 30

Class I: 5
Class II: 55
Class III: 40

Class I: 0
Class II: 55
Class III: 45

Alternate segregation

NS 88.60% 81.20% 70%

Class I 84.90% 80.40% X

Class II 87.30% 82.60% 87%
Class III 82.40% 80.80% 73.70%

Adjacent segregation

NS 11.40% 18.80% 28%

Class I 15.10% 19.60% X
Class II 12.70% 17.40% 12%b

Class III 17.60% 19.20% 24.40%

3:0
NS 0 0 2%

Class I 0 0 X

Class II 0 0 0

Class III 0 0 0

Note: In both cases, the percentages of the three classes of spermatozoa (MSOME score) is given for each patient. The frequency of the different segregation

modes is given in each class of sperm cells and in nonselected spermatozoa as controls. NS ¼ nonselected spermatozoa; X ¼ no class I spermatozoa in

this patient.
a Percentages of each class at �6,100 magnification.
b P< .05. Indicates some statistically significant differences between nonselected and selected spermatozoa but without biological significance.

Cassuto. Sperm FISH in translocation carriers. Fertil Steril 2011.
was higher than in reciprocal translocations, ranging from 70% (P9)
to 88.6% (P2) (mean: 80%). Unbalanced sperm nuclei were the con-
sequence of an adjacent 1 segregation mode in these three patients,
830 Cassuto et al. Sperm FISH in translocation carriers
although very few spermatozoa corresponding to 3:0 segregation
were observed in P9.Overall, our data obtained in both types of trans-
locations are in agreement with that published in the literature.
Vol. 96, No. 4, October 2011



Spermatozoa selected at high magnification and divided into
three classes showed the same hybridization rate as in the unselected
ones except for in P1 and P9, who had no class 1 sperm cells in their
ejaculates at the time of the technique. Therefore, the comparison of
segregation modes between the two sperm cell populations was pos-
sible. In all the patients, carrying either a reciprocal or a Robertso-
nian translocation, there was no statistical difference in the rate of
alternate segregation between spermatozoa classified in class 1
and nonselected ones, thus indicating that normal morphology at
highmagnification is not correlated to a balanced chromosomal con-
tent. In the same manner, unbalanced segregation modes were not
increased in morphologically abnormal spermatozoa (classes 2
and 3). Taken together, our results show that high-magnification
morphology does not discriminate balanced and unbalanced sper-
matozoa in either reciprocal or Robertsonian chromosomal translo-
cation carriers.

DISCUSSION
Fusion of human spermatozoa with zona-free hamster egg has
been the only available method for the study of structural chro-
mosomal aberrations in human sperm until the occurrence of
FISH (1). Although it allowed a global analysis of sperm chromo-
somal complements and the diagnosis of both numerical and
structural abnormalities, it was a technically difficult and time-
consuming method and has been progressively replaced by
FISH. Indeed, FISH is easy to perform, even in routine cytogenet-
ics laboratories, and allows the count of hundreds sperm cells in
less than 1 hour. However, sperm-FISH does not provide an over-
view of a sperm karyotype; rather, it provides information re-
stricted to the chromosomes or to the chromosomal regions that
are recognized by the probes. Thus, diagnoses by FISH must
be targeted.

This is the case for chromosomal translocations, which segregate
in sperm cells following different modes characterized by specific
combinations of translocated and/or nontranslocated chromosomes.
By using a set of three fluorescent probes, at least two telomeric and
one centromeric, FISH can identify these chromosomal combina-
tions although it cannot make the distinction between the two com-
plementary chromosomal complements that characterize every
segregation mode—that is, the two normal chromosomes in one
cell and the two translocated in the other in the alternate segregation
mode, for instance. Moreover, a strict relationship between chromo-
somal content and segregation mode cannot be made because of the
possible occurrence of interstitial chiasmas at the pachytene stage of
meiosis (18). Despite these limitations, the availability of fluores-
cent probes generated from any part of the human genome and
the reliability of the technique have made FISH the appropriate
method for analyzing sperm chromosomal content in translocation
carriers.

Most Robertsonian translocations studied by sperm-FISH are as-
sociated with a rate of alternate segregation between 76% and
89.4% (19). Our results are in agreement with these findings, which
indicate an homogenous segregation behavior of Robertsonian
translocations independent of the chromosome pairs involved. On
the contrary, reciprocal translocations exhibit more heterogeneous
patterns of segregation, ranging from 18.6% to 62.8% of balanced
spermatozoa (3). A similar observation has been made in our pa-
tients, with a rate of balanced gametes between 37.1% and
52.6%. Moreover, as in most studies, our results show that the al-
Fertility and Sterility�
ternate segregation mode was always predominant and that, among
unbalanced modes of segregation, the adjacent 1 mode was the
most frequent.

In gametes from translocation carriers, unbalanced segregation
modes (i.e., adjacent 1, adjacent 2, and 3:1) lead to various modifi-
cations in the localization of chromosomal segments within the
nucleus. Little is known about the spatial organization of the hap-
loid genome in the male gamete nucleus, but evidence has accumu-
lated that this organization is not random (20). In chemically
decondensed sperm heads, the visualization by FISH of three large
chromosomes (1, 2, 5) has revealed a preferential localization of
chromosome 1 in the apical half of the nucleus whereas
chromosomes 2 and 5 were preferentially located in the basal half
(21). By using three-dimensional FISH with probes coding for every
human chromosome pair, Manvelyan et al. (22) have confirmed that
sperm chromosomes are organized in a nonrandom way, depending
on their size and gene density. Moreover, the central nuclear local-
ization of sex chromosome centromeres in sperm cells has been
shown to be modified in infertile men when compared with normo-
spermic males (23). This suggests that changes in chromosome or-
ganization within the sperm nucleus could alter spermatogenesis,
thus leading to infertility. Therefore, the question arises as to
whether variations in the genomic localization of chromosomal seg-
ments, as observed in translocations, could also modify sperm nu-
cleus morphology.

Most FISH studies have failed to find a strong correlation be-
tween teratozoospermia and sperm chromosomal content (9) except
in some morphologic abnormalities related to polyploidy (6, 7, 8).
However, in these studies, teratozoospermia has been usually
evaluated at standard magnification, which is too low for the
diagnosis of subtle modifications in sperm nucleus structure.
Analyzing living sperm cells at �6,000 is now possible using
a new technique called high-magnification motile sperm organelle
morphology examination (MSOME), which allows the visualization
of previously undetectable abnormalities (24). This technique has
already been used for the selection and the analysis of chromosomal
content of normal-head spermatozoa in two AURKC gene mutation
carriers (25). In this particular macrocephalic sperm head syndrome,
normal spermatozoa at MSOME were haploid, but were also aneu-
ploid, although only six spermatozoa were analyzed in only one in-
fertile patient.

To our knowledge, MSOME has never been tested for the selec-
tion of chromosomally balanced spermatozoa in translocation car-
riers on the basis that abnormal chromosomal content and/or
abnormal chromosome position in sperm nucleus could alter
sperm head morphology at high magnification. Our results show
clearly that there is no statistically significant difference in the fre-
quency of balanced and unbalanced segregation modes within the
three classes of spermatozoa that we selected according to the
Cassuto-Barak classification. Therefore, our conclusion is that
the selection of a living sperm cell with a balanced karyotype ac-
cording to morphologic criteria at high magnification is not possi-
ble. As a consequence, couples concerned with chromosomal
translocations should continue to ask for either PGD or classic
prenatal diagnosis if they want to obtain a chromosomally bal-
anced offspring.

Acknowledgments: The authors thank Marc Lelorc’h (Cytogenetics Labora-
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used to prepare FISH probes.
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