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In this study, the karyotypes of 14 piglets from four different
litters produced by intracytoplasmic sperm injection (ICSI)
and embryo transfer were analysed. The chromosome analysis
was based on a classical cytogenetic examination following the
standard protocols of lymphocyte cultures. Two cases of
reciprocal translocation [(4; 7)(p+; q)) and (2; 8)(q); q+)]
were detected in two female transgenic piglets. These animals
showed neither anatomical nor physiological alterations and
had normal growth. To our knowledge, this is the first
karyotype study of piglets produced by ICSI.

Introduction

Intracytoplasmic sperm injection involves the fertiliza-
tion of oocytes in metaphase II by injecting a single
sperm into the cytoplasm. This technique was first
described in hamster, and since then, ICSI procedure
has been used for in vitro production (IVP) in several
livestock species with a variable efficiency (reviewed by
Garcı́a-Roselló et al. 2009). It has formed a great
contribution to reproduction of mammalian species for
scientific study and commercial benefit, increasing the
number of offspring from selected high-quality animals
and allowing production of cloned and transgenic
animals (reviewed by Galli and Lazzari 2008; Gadea
and Garcı́a-Vázquez 2010). ICSI efficiency in pig is still
very low, and there have been only a few litters with a
small number of piglets born using the ICSI technique
(Galli and Lazzari 2008; Garcı́a-Roselló et al. 2009).

Previous studies have analysed the incidence of chro-
mosomal abnormalities in pigs under commercial condi-
tions (Ducos et al. 2008), in porcine embryos produced
in vivo (van der Hoeven et al. 1985; Zudova et al. 2003)
and in vitro by IVF (Ulloa Ullo et al. 2008; Hornak et al.
2009) and ICSI (Park et al. 2005). However, to our
knowledge, karyotype studies of the animals generated
using ICSI have not been conducted. This study reports
the cytogenetic analysis of 14 piglets born by ICSI and
sperm-mediated gene transfer (ICSI-SMGT) method.

Material and methods

The animals used in this study came from embryos
obtained through the ICSI-SMGT, which were trans-
ferred immediately to four recipient gilts. In brief, the
in vitro matured porcine oocytes were injected with a
spermatozoon previously incubated with linealized
EGFP (Enhanced Green Fluorescent Protein) transgene

(Garcı́a-Vázquez et al. 2009; Garcı́a-Vázquez et al.
2010). Approximately 100 injected oocytes were surgi-
cally transferred to the oviducts of recipient pre-puberal
females previously synchronized with hormonal treat-
ment (Garcı́a-Vázquez et al. 2010).

Peripheral blood samples of piglets were obtained from
2 months of age for the morphological analysis of
chromosomes. The chromosome analysis was based on
a classical cytogenetic examination following the stan-
dardprotocols of lymphocyte cultures, Leishman staining
and Giemsa-Trypsin-Leishman (GTL) banding tech-
niques (Rodrı́guez et al. 2010). Metaphase was examined
under an Olympus microscope and analyses made using
CytoVision Genus� (Applied Imaging, Sunderland, UK)
and Ikaros (MetaSystems, Altlussheim, Germany)
software. To make the pairing, guidelines established by
the Committee for the standardization of karyotype
of domestic swine (Sus Scrofa SSC ) were followed,
examining at least 10 metaphasic plates per animal.

Results

A total of 14 piglets (nine females and five males) were
analysed. Metaphase analysis of cultured peripheral
blood lymphocytes allowed the identification of two
female transgenic piglets from different litters carrying a
reciprocal chromosome translocation (14.28% preva-
lence). In case 1, the q-arm of one of the number 7
chromosomes appeared shortened, with the absent distal
fragment found at the tip of the p-arm of one of the
number 4 chromosomes (Fig. 1a; Fig. S1). In case 2, the
q-arm of one of the number 2 chromosomes appeared
shortened, with the absent distal fragment found at the
top of the q-arm of one of the number 8 chromosomes
(Fig. 1b; Fig. S1). The chromosomal rearrangement was
described according to standard nomenclature as 38,
XX, rcp (4; 7)(p+; q)) and 38 XX, rcp (2; 8)(q); q+).
These animals showed neither anatomical nor physio-
logical alterations and had normal growth. The remain-
ing 12 piglets evaluated were cytogenetically normal
(38, XX; 38 XY).

Discussion

The prevalence of balanced structural constitutional
chromosomal rearrangements in commercial pigs is
0.47% (Ducos et al. 2007). However, IVP of embryo
techniques is associated with a higher incidence of
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embryonic and foetal loss (Hyttel et al. 2000), and some
authors suggest the in vitro conditions of culture could
increase the prevalence of cytogenetic abnormalities. In
this sense, cytogenetic analysis of porcine blastocysts
produced in vitro by IVF has revealed that 39.1–45.9%
of the blastocysts are chromosomally abnormal embryos
(Ulloa Ullo et al. 2008; Hornak et al. 2009) showing
that these embryos can develop up to the blastocyst
stage despite having these abnormalities. This percent-
age is higher than the 7.3–11.4% reported for in vivo-
derived embryos (van der Hoeven et al. 1985; Zudova
et al. 2003). It had been reported in several species a
higher incidence of embryos with structural chromo-
some aberrations using ICSI in comparison with IVF
method (Tateno and Kamiguchi 2007).

In pigs, the most frequently reported chromosomal
rearrangements are reciprocal translocations, as a char-
acteristic feature of this species (Ducos et al. 2007).
However, to our knowledge, this is the first time that the
reciprocal translocation detected in our study [(2q);
8q+) and (7q); 4p+)] have been reported in pigs. In
general terms, reciprocal translocations will produce a
high proportion of genetically unbalanced gametes
leading to an early mortality of the embryos produced
(Villagómez and Pinton 2008).

There are several possible explanations for this
observation. In ICSI procedures, the acrosome is usually
introduced into the oocyte when incapacitated sperma-
tozoa are injected. It has been shown that the acrosome
can alter sperm chromatin remodelling in the ooplasm
following ICSI in mouse, pig and rhesus monkey
(Tateno 2008). In addition, ICSI using membrane-
damaged spermatozoa could cause structural chromo-
some aberrations in resultant embryos (Tateno et al.
2000). The occurrence of structural chromosome aber-
rations in mouse ICSI embryos was also dependent on
the kind of medium and sperm incubation time (Tateno
and Kamiguchi 2007). In this ICSI-SMGT study, the

sperm were incubated with exogenous DNA; it has
been suggested that treatment of spermatozoa with
exogenous DNA leads to paternal chromosome damage
in the zygote (Szczygiel et al. 2003).

The incidence of chromosomal abnormalities ob-
tained in this study using IVP of embryos by ICSI
(14.28%) was higher than reported for human where
approximately 5% of children born by ICSI carry a risk
of chromosomal abnormalities (Bonduelle et al. 1999).
This result may support previous studies in mouse
(Tateno 2008) and humans (Bonduelle et al. 1999), but
the present data seem be too small to conclude a high
prevalence of chromosome anomaly in swine ICSI.
Further studies must be carried out to confirm these
preliminary observations.
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Fig. 1. GTL banding karyotype showing the reciprocal translocations: (a) rcp (4; 7)(p+; q)), (b) rcp (2;8)(q); q+) and a detail of the latter.
Arrows indicate the chromosomal breakpoints
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Figure S1. GTL banding karyotype showing the reciprocal transloca-
tions and ideograms of rearranged chromosomes: a) rcp (4; 7)(p+;
q)), b) rcp (2; 8)(q); q+).
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