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Figure 2 In vitro developmental process of Capra ibex–rabbit embryos. Reconstructed embryos with (a) pronucleus (PN)-like
structure; (b) at the 2-cell to 3-cell stage; (c) at the morula stage; (d) at the blastocyst stage. (Magnification, ×400.)

Table 1 In vitro development of iSCNT embryos reconstructed by using donors with different population doubling levels
(PDLs)

PDL Total Fused 2-cell 8-cell Morula Blastocyst
(donor cells) SCNT (%) (%) (%) (%) (%)

15 – 2 187 67 (35.83)a 53 (79.10)a 39 (58.21)a 11 (16.42)a 7 (10.45)a

35 – 2 156 103 (66.03)b 76 (73.79)a 50 (48.54)a 15 (14.56)a 10 (9.71)a

55 – 2 211 138 (65.40)b 92 (66.67)a 58 (42.03)a 16 (11.59)a 9 (6.52)b

70 – 2 297 105 (35.35)a 64 (60.95)a 46 (43.81)a 10 (9.52)b 4 (3.81)b

Total 851 413 (48.53) 285 (69.00) 193 (46.73) 52 (12.59) 30 (7.26)

Percentages with different superscripts within the same column differsignificantly (SPSS, p < 0.05).

(Wen et al., 2003). Because there were limitations on
the recovery of Capra ibex ovaries, we were unable
to examine the chronology of cloned Capra ibex
embryo development. These results partly support our
previous view that factors controlling the timing of
early cleavages may exist in the ooplasm but that
the time to reach the blastocyst stage for interspecies
cloned embryos is donor-nucleus-specific (Wen et al.,
2003).

Varying degrees of mtDNA heteroplasmy have
been reported in nuclear transfer embryos, fetus and
offspring, but the results are still controversial. In
intraspecies cloned animals the dominant distribution
of mtDNA is from recipient oocytes (Takeda et al.,
2003; Steinborn et al., 2002; Han et al., 2004). In inter-
species cloned animals, our preliminary experiment
demonstrated that when the nuclei of Capra ibex
were transferred into Capra hirus enucleated oocytes,



238 Y. Jiang et al.

Figure 3 The chromosomes of iSCNT embryos under phrase-
contrast magnification.

the donor-derived mtDNAs were eliminated in the
reconstructed embryos beyond the 4-cell stage (Jiang
et al., 2004). This is consistent with other reports that
mtDNAs are primarily oocyte-derived when donor
cell and recipient oocyte are from genetically close
species (Lanza et al., 2000; Loi et al., 2001; Takeda et al.,
1999; Meirelles et al., 2001). But in this experiment,
the Capra ibex derived mtDNAs were not destroyed
by the rabbit oocyte until the blastocyst stage. These
results are consistent with our recent reports that
mtDNA from monkey cells (Yang et al., 2004) and
chicken cells (Liu et al., 2004) can coexist with rabbit
oocyte-derived mtDNA in iSCNT embryos before
implantation. All these experiments were performed
between two genetically distant species. We speculate
that the transmission and replication patterns of
mtDNAs are different between the interspecies cloned
embryos that are genetically close and those that
are genetically further apart. Mitochondria are semi-
autonomous cellular organelles and their biological

functions depend on very precise cross-talk between
two physiologically separated genetic systems, namely
the nuclear and cytoplasmic genomes. Various signal
molecules are involved in the process. We presume
that in genetically close interspecies cloned embryos
the signal molecules are ‘similar’ in evolution, so
that mtDNA in the oocyte can ‘recognize’ the signals
produced by donor cell nucleus and competitively
replicate their own mtDNAs. Considering their large
copy numbers (always 50–200 times those in a
typical somatic cell: Steuerwald et al., 2000; Barritt
et al., 2002), this kind of replication may take
advantage and dilute the concentration of donor-
derived mitochondria. In interspecies cloned embryos
involving phylogenetically distant species the cross-
talk between the nuclear and cytoplasmic genomes
may be difficult and therefore the nucleus is unable to
completely support the duplication of mtDNA in the
oocyte and selectively replicate the mtDNA from the
donor cell. Because there was a large bulk of oocyte-
derived mtDNAs that were not completely degraded
in the early developmental stages, iSCNT embryos
showed mtDNA heteroplasmy. More experiments are
needed to support our hypothesis.

Embryos or animals produced by NT are perfect
experimental models to investigate the fate of
mtDNAs, and will help to illustrate the mechanism
of nucleo-cytoplasmic interaction. Our results suggest
that the enucleated rabbit oocyte can support the
dedifferentiation of Capra ibex somatic cell, and the
population doubling levels of the donor cell affect
the efficiency of iSCNT. The mtDNAs derived from
Capra ibex were rescued by rabbit ooplasm, which
resulted in heteroplasmy until implantation. We
speculate that the transmission and replication patterns
of mtDNAs are different between the interspecies
cloned embryos that are genetically close and those
that are genetically further apart.

Figure 4 Electrophoretic analysis of PCR-amplified products in iSCNT embryos at various stages by using specific rabbit
cytochrome b (cytb) primer (above) and by using specific ibex cytb primer (below). (–), cross-control.
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