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Supplementary Fig. 1. Optimization of the somatic cell haploidization protocol. a, Frequency 2 

of various types of SH-zygotes with fasudil treatment. 73% SH-zygotes were formed 2PN and 3 

only 32% showed 2PN/1PPB. b, Optimization of RA treatment. SCNT oocytes were rested for 2 4 

h before IVF supplemented with RA for 30 min, 1 h, or 2 h. The 30 min-treated groups showed 5 

significantly increased 2PN/1PPB formation (P  0.05, by ANOVA with Tukey analysis). c, 6 

Optimization of RS-1 treatment. RS-1 was treated during the resting time, IVF, and overnight after 7 

IVF. Treatment during IVF and overnight resulted in a significantly higher rate of 2PN/1PPB (P  8 

0.05, by ANOVA with Tukey analysis). For panels b and c, ‘n’ in 2PN/1PPB and blastocysts 9 

graphs represents the number of 2PN/1PPB embryos/the number of fertilized embryos and the 10 

number of blastocysts/the number of 2PN/1PPB embryos, respectively. 3-4 technical replications 11 
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for panel b for each group. 5-9 technical replications for panel c for each group. mean ± s.e.m. *, 12 

p < 0.05.   13 



3 

 

14 

Supplementary Fig. 2. SNPs analysis for detection of chromosome segregation by WES and 15 

Miseq. a, Chromosome maps of the exome sequencing region and FVB-specific SNPs (single-16 

nucleotide polymorphisms) in each chromosome. The FVB-specific SNPs were against that of 17 

C57BL/6 (B6). The centromeres were located on top of each chromosome. The numbers below 18 

the chromosomes indicate the number of FVB SNPs of each chromosome. b, Regions of the 19 

sequencing area by Miseq. Red bars indicate the Miseq sequencing region of 1,100~1,500 bp in 20 
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each chromosome. SNP values show the number of FVB SNPs in the sequenced area of each 21 

chromosome. The numbers below the chromosomes indicate the number of FVB SNPs in the 22 

sequencing area. c, The primer sequences used for Miseq analysis.   23 
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Supplementary Fig. 3. Chromosome segregation pattern in SH embryo. a, X chromosome 25 

genotyping in PPB by Sanger sequencing. PPBs showed homozygous (FVB or B6) or 26 

heterozygous peaks in chromatography. N/A means the absence of PCR amplicons. b, FVB SNPs 27 

detected in heterozygous (B6/FVB) somatic donor cell. Black or green bars indicate total FVB or 28 

homozygous SNPs, respectively. c, The frequency of segregation of individual chromosomes. 29 

Chromosome 1 was segregated in all 15 embryos, whereas the other 19 chromosomes were 30 

separated into 8 to14 embryos. d, The number of homozygous chromosomes in the PPB of 31 

chemically activated SCNT oocytes using FVB/B6 donor cells. Among 10 PPBs, five PPBs were 32 

detected to be of FVB or B6 homozygous genotype in all chromosomes.  33 
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 34 

Supplementary Fig. 4. Somatic chromosome segregation to SH-embryos and corresponding 35 

PPBs with FVB/B6 somatic donor. In SH-embryo 3 (a) and 9 (b) and their corresponding PPB,  36 

13 and 11 chromosomes were segregated reciprocally. The remaining chromosomes were non-37 

disjunct and extracted to PPB (green boxes) or remained in SH-embryos (blue boxes). 6 (in SH-38 

embryo 3) and 7 (in SH-embryo 9) chromosomes contained the FVB genome (red number above 39 

the chromosomes). Black bars indicate FVB SNPs detected in FVB/B6 somatic cells. SNPs on 40 

chromosomes with few SNPs could be a sequencing error. 41 
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42 

Supplementary Fig. 5. Somatic chromosome segregation to SH-embryos and corresponding 43 

PPBs with B6/FVB somatic donor. a and b, Chromosome map of SH-embryo 11 and 14 and 44 

their corresponding PPB with B6/FVB somatic donor. Black bars indicate FVB SNPs detected in 45 

B6/FVB somatic cells. c and d, Shared FVB SNPs between PPB and SH-embryo from a somatic 46 

cell in SH-embryo 11 and 14. The green bars indicate homozygous SNPs in somatic donor cells. 47 

Purple bars mean shared FVB SNPs between PPBs and corresponding embryos. Analysis of PPBs 48 

and embryos could have limitations such as WGA or technical errors. 49 
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 50 

Supplementary Fig. 6. Screening of somatic origin and sex identification in SH 2-cells and 51 

SH-blastocysts. a, Screening of chromosome 2 to detect somatic origin. Nine 2-cell embryos and 52 

eleven blastocysts (red) were detected with the FVB (somatic origin) genome among nineteen 2-53 

cells and nineteen blastocysts, respectively. b, Sex identification by PCR. Letter M above the gel 54 

image means male. c, The frequency of somatic detection in chromosome 2 of SH 2-cells and SH-55 

blastocysts. Nine 2-cells (47%, 9/19) and eleven blastocysts (55%, 11/19) harbored the FVB 56 

genome in chromosome 2. d, The sex ratio of the SH embryos. 63% (12/19) and 47% (9/19) of SH 57 

were male embryos in SH 2-cells and SH-blastocysts, respectively.  58 
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 59 

Supplementary Fig. 7. Contribution of the somatic origin in preimplantation embryos. a, X 60 

chromosome genotyping in female SH 2-cells and SH-blastocysts by Sanger sequencing. All-61 

female embryos showed heterozygous peaks in chromatography. b and c, Chromosome genotypes 62 

in SH 2-cells and SH-blastocysts. Red and blue bars mean FVB (maternal) and B6 (paternal) 63 

genotype, respectively. Light blue bars indicated heterozygous status (FVB/B6). S above the last 64 

bars indicate sex chromosome. SH 2-cell 2, 4, and 13 and SH-blastocyst 6, 10, 11, 13, 14, and 19 65 

(bold letters) showed heterozygosity in all 20 chromosomes. d, Chromosome map of the SH 66 

blastocysts 12. Blastocyst 12 showed the B6 genotype in chromosomes 1, 8, 9, 18, and 19 (red 67 

arrows). Chromosome 6 of blastocyst 6 (black arrow) displayed FVB genomes but was triploid 68 
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based on CNV analysis. e, CNV profile of the SH blastocysts 12 with exome data. Chromosomes 69 

1, 8, 9, 18, and 19 were haploid (red asterisk), whereas chromosome 6 was triploid (black asterisk). 70 

Relative CNV was interpreted by comparison with the control in vitro fertilization-embryo, second 71 

polar body, and C57BL/6 mouse tissue as a control.  72 
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Supplementary Fig. 8. Transcriptional analysis of SH-ESCs. a, The efficiency of SH-ESCs 74 

derivation. The efficiency was 7%, which was significantly lower than that of ESC from IVF 75 

embryos (57%). n means the number of established ESCs/the number of plated blastocysts. 4 or 7 76 

technical replications for control and NT-IVF group, respectively. mean ± s.e.m. (P  0.05, by 77 
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Independent-group t-test). b, Diploid configuration of the SH-ESC lines by cell cycle analysis. 78 

The histogram refers to the cell cycle profile of the SH-ESC lines resulting in a 2n nuclear 79 

configuration. c, Sex identification. Only SH-ES4 was male. Letter M above the gel image means 80 

male. d, The number of up or down-regulated genes in each SH-ESC line compared to intact ESCs. 81 

e, Function of up or down-regulated genes in SH-ESCs. f, Heat map displaying imprinting related 82 

genes (105 genes) in intact ESCs and SH-ESCs. All genes showed no significant difference in SH-83 

ESCs to intact ESCs (p>0.05). 84 
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Supplementary Fig. 9. Somatic haploid embryos are able to produce live offspring. a, 86 

Development of preimplantation embryos with various somatic donor cells and sperm in the 87 

independent laboratories. % of fertilization, calculated based on the number of oocytes; % of 2PN 88 

or 2PN/1PPB formation, calculated based on the number of fertilized oocytes; % of 2-cell, morula, 89 

and blastocysts, calculated based on the number of 2PN/1PPB embryos; *, calculated based on the 90 

number of oocytes; E.K, G.D.P, and S.M, Eunju Kang, Gianpiero D. Palermo, and Shoukhrat 91 

Mitalipov lab. b, Morphology of SH-blastocysts with good and poor quality. Good blastocysts 92 

were composed of many cells of ICM and trophectoderm, while poor blastocysts showed few ICM 93 

and trophectoderm. Scale bar: 40 µm. c, Ratio of blastocysts with good and poor quality in intact 94 

control and NT-IVF. d, Lower development into good blastocysts in NT-IVF. n indicates the 95 

number of good blastocysts/the number of 2PN/PPB embryos. 10 or 11 technical replications for 96 

intact IVF and NT-IVF groups, respectively. mean ± s.e.m. * P < 0.05, by Independent-group t-97 

test. e, Ploidy analysis of SH-blastocysts using aCGH. Three blastocysts (CC-BL1, 4, and 8) were 98 

euploid among nine blastocysts. f, aCGH profile of euploid (CC-BL1) and aneuploid (CC-BL7) 99 

SH-blastocyst. g, Different pregnancy and offspring generations depending on the strain of the 100 

somatic cell and sperm. The hybrid combination of FVB/B6 and the BDF1 hybrid somatic cells 101 

with BDF1 hybrid sperm resulted in implantation or pup generation. h, Implantation of SH- 102 

embryos in the recipient uterus. Black arrows indicate implanted spot of SH-embryos on day seven 103 

after embryo transfer. i, Sexing and birth weight in SH-mice. Mean ± s.d. j, The information in the 104 

first generation of SH-mice. Mean ± s.d; F, fammale; M, male.   105 
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Supplementary Fig. 10. Uncropped gel images for supplementary Fig. 6a  107 
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Supplementary Fig. 11. Uncropped gel images for supplementary Fig. 6b109 
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 110 

Supplementary Fig. 12. Uncropped gel image for supplementary Fig. 8c 111 

112 
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 113 

Supplementary Fig. 13. The gating strategy of flow cytometry. The gating was applied to the 114 

scatter plot. Debris and death cells were gated out and single cells were gated using pulse width 115 

versus pulse area plot. All samples were applied the same strategy. These plots are relative to 116 

Figure 6C as an example for the gating strategy.  117 
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Supplementary Table. 1. Development of preimplantation embryos with various chemical 118 

treatments.  119 

 120 

Percentages of fertilization were calculated based on the number of oocytes. Percentages of 2PN 121 

or 2PN/1PPB formation were calculated based on the number of fertilized oocytes for intact IVF 122 

and NT-IVF. Percentages of 2PN were calculated based on the number of oocytes for regular SCNT. 123 

Percentages of 2-cell, morula, and blastocysts were calculated based on the number of the previous 124 

embryo stage. 125 

a The rate of 2PN/1PPB formation was significantly higher in 2 hrs among different resting times 126 

after SCNT (P  0.05, by Independent-group t-test). 127 

b 2PN/1PPB rate was significantly higher in a fasudil-treated group (Sc+Fa) than the non-treated 128 

group (Sc) (P  0.05, by Independent-group t-test). 129 
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c Treatment with RA for 30 min displayed the highest 2PN/1PPB rate compared with 1 h and 2 h 130 

treatment (P  0.05, by Independent-group t-test).  131 

d The 2PN/1PPB rate in the RA-treated group (Sc+Fa and RA) was significantly higher than that 132 

in the untreated group (Only Sc+Fa), (P  0.05, by Independent-group t-test).  133 

e RS-1 treatment was applied during the resting time after SCNT, during IVF, and overnight. The 134 

2PN/1PPB rate was significantly higher during IVF compared to treatment during the resting time 135 

or both resting and IVF (P  0.05, by ANOVA with Tukey analysis). Further, RS-1 treatment 136 

during IVF increased the 2PN/1PPB rate significantly than treatment only RA during the resting 137 

time (P  0.05, by Independent-group t-test).  138 

 139 

Supplementary Table 2. The efficiency of embryo development with various chemical 140 

treatments.  141 

 142 

The efficiency was calculated by a percentage of a percentage. * or # indicate significantly higher 143 

2PN/1PPB or blastocyst rate compared to non-treatment groups (P  0.05, by Independent-group 144 

t-test). 145 


