
Table 1 Half of the manipulated oocytes extruded pseudo-polar bodies

after fertilization, and about 30% of embryos developed to the morula

stage. Most of the embryos arrested at the morula stage, while less than

10% of the embryos reached the blastocyst stage.
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Metaphase II (MII) oocytes can halve their genomes by extrusion

of the second polar body after fertilization. The MII oocyte

cytoplasm was also found to be capable of reprogramming the

somatic cell nucleus to pluripotency through somatic cell nuclear

transfer (SCNT) technology. This study aims to determine whether

the somatic cell nucleus can be haploidized and reprogrammed in

the MII oocyte cytoplasm following sperm injection.
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Figure 2. Schematic illustration of the experiment to

obtain ESCs from haploidized cumulus nucleus

embryos. An MII oocyte is enucleated, followed by

injection of a cumulus nucleus into the enucleated

oocyte activating with a sperm (sperm-fertilized

somatic cell nuclear transfer embryos, sfSCNT).
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Figure 4. Cumulus genome is halved in the nuclear-transferred

embryos following fertilization. (A) Schematic illustration of the

experiment. (B) Of the 11 cumulus nucleus-transferred embryos that

developed to the 4-,8-cell stage, 5 of them were YFP positive, the

marker used for the cumulus cell genome, while all of the embryos were

mCherry positive for the sperm genome marker, suggesting that the

chromosomes (Chromosome 17) in the cumulus genome were properly

separated and haploidized.
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Figure 5. Embryos that contain cumulus DNA and sperm DNA can

develop to the morula and blastocyst stage. (A) Morula/Blastocysts

contain sperm DNA (GFP) (homozygous Oct4EGFP sperm) and

haploidized tdTomato cumulus genome DNA (tdTomato, RED) that

extruded pseudo-polar bodies. (B) Percentage of embryos that

developed from oocytes with extruded pseudo-polar bodies (psPB) and

without pseudo-polar bodies (nonPB) (P<0.01).

Table 2. Developmental potential of cumulus nucleus-transferred embryos fertilized with

sperm: Homozygous tdTomato cumulus nucleus was transferred to an enucleated MII

oocyte, followed by intracytoplasmic sperm injection from Nanog-H2B-GFP mice. NT-

control: cumulus nuclear transferred embryos artificially activated with SrCl2.
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Figure 1. This study aims

to test whether a somatic

genome can be haploidized

in MII oocytes following

replacement of the oocyte

nucleus with a somatic

nucleus activating with a

sperm.

Figure 3. Cumulus genome

can be halved through

extrusion of a pseudo-polar

body in enucleated MII

oocytes after fertilization. (A)

Extrusion of pseudo-polar

bodies 2h post ICSI in

cumulus nucleus-transferred

oocytes. (B) Confocal image

showing the separation of the

cumulus genome (H3.3B-HA)

and spindle formation (α-

tubulin staining) 2h post ICSI

(WT sperm). (C) H3.3B-HA

cumulus nucleus-transferred

oocyte 5h post ICSI (WT

sperm). H3.3B-HA staining

shows the separation of the

cumulus nucleus and the

psPB containing the DNA

from the cumulus cell.
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Figure 6. Embryonic stem cells (ESCs) can be derived from sfSCNT embryos. (A)

Morulae developed from (tdTomato) culumus-transferred oocytes fertilized with Nanog-

H2B-GFP sperm, showing the activation of the pluripotent Nanog gene in the resulting

embryos. (B) An ICM outgrowth from the sfSCNT blastocyst growing on MEFs for 4 days

(C) The ESC colonies derived from the sfSCNT embryos maintained normal ESC colony

morphology and expressed pluripotent markers.

Figure 7. Three ESC lines derived from the sfSCNT embryos, designated as OIH-dt-cum-

1, OIH-dt-cum-2, and OIH-dt-cum-3. These 3 ESC lines can grow and passage normally in

vitro both on feeders or in feeder-free conditions.
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Figure 8. The first ESC line (OIH-td-cum-1) has an abnormal hyper-

diploid karyotype with a gain of chromosomes 5, 8, 9, 11, 18 & 19,

and up to four marker chromosomes of uncertain origin. The second

line (OIH-td-cum-2) is an abnormal near-triploid karyotype including a

gain of chromosomes 8 & 6, a loss of chromosome 17, and marker

chromosomes of uncertain origin. The third line (OIH-td-cum-3) has

an abnormal near-triploid karyotype.

We confirmed that the somatic genome can be halved

in MII ooplasm through the extrusion of pseudo-polar

bodies after fertilization. Resulting embryos can

develop into blastocysts and yield ESC lines,

suggesting successful reprograming of the somatic

nuclei. Understanding the mechanism of nucleus

haploidization is the key to the success of artificial

gamete production.
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pseudo Polar 

Body (psPB)

Total 

manipulated
2-cell stage (%) 4-cell (%) Morula (%) Blastocyst (%)

psPB 80 (52.0) 66(82.5) 52(65.0) 28(35.0) 6(7.5)

No psPB 74 (48.0) 44(59.5) 34(45.9) 20(27.0) 2(2.7)

Oocyte 

manipulated 

Pseudo-Polar 

Body(%)
2-cell(%) 4-cell(%) Morula (%) Blastocyst(%)

psPB 55(46.6) 48(87.3) 42(76.4) 23(41.8) 6(10.9)

nonPB 63(53.4) 41(65.1) 30(47.6) 17(27.0) 6(9.5)

Total 118 89(75.4) 72(61.0) 40(33.9) 12(10.2)

NT-Control 488 443 (90.8) 297(60.7) 241(49.4) 152 (31.1)

*P<0.01
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