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            Abstract
Although chromosomal instability (CIN) is a common phenomenon in cleavage-stage embryogenesis following in vitro fertilization (IVF)1,2,3, its rate in naturally conceived human embryos is unknown. CIN leads to mosaic embryos that contain a combination of genetically normal and abnormal cells, and is significantly higher in in vitro-produced preimplantation embryos as compared to in vivo-conceived preimplantation embryos4. Even though embryos with CIN-derived complex aneuploidies may arrest between the cleavage and blastocyst stages of embryogenesis5,6, a high number of embryos containing abnormal cells can pass this strong selection barrier7,8. However, neither the prevalence nor extent of CIN during prenatal development and at birth, following IVF treatment, is well understood. Here we profiled the genomic landscape of fetal and placental tissues postpartum from both IVF and naturally conceived children, to investigate the prevalence and persistence of large genetic aberrations that probably arose from IVF-related CIN. We demonstrate that CIN is not preserved at later stages of prenatal development, and that de novo numerical aberrations or large structural DNA imbalances occur at similar rates in IVF and naturally conceived live-born neonates. Our findings affirm that human IVF treatment has no detrimental effect on the chromosomal constitution of fetal and placental lineages.
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                    Fig. 1: Haplarithmisis reveals genetic mosaicism with parent-of-origin information.[image: ]


Fig. 2: Mosaic de novo CNVs and overlap with placental transcriptome.[image: ]


Fig. 3: Schematic representation of plausible occurrence and segregation of de novo CNVs into fetal or placental lineages found in this study.[image: ]
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Extended data

Extended Data Fig. 1 Haplarithmisis revealed maternal and fetal contributions to placental DNA samples.
We show density of paternal (in blue) and maternal (in red) distances computed from paternal and maternal haplarithms, respectively, of the placenta and cord blood samples of P154, P109, P162 and P116 (see also Fig. 1b and Source Data).


Extended Data Fig. 2 The mosaic partial trisomies are not preserved across the P172 placenta.
The mosaic partial trisomies (purple arrows) on Chr6, Chr9 and Chr21 are only present in one biopsy (Biopsy I) out of all the spatially different biopsies of P172 placenta.


Extended Data Fig. 3 The full Chr 2 mosaic trisomy is persistently present across the P106 placenta.
The full Chr 2 mosaic trisomy (purple arrows) is persistently present in all the spatially different biopsies of P106 placenta.


Extended Data Fig. 4 Placenta CNV heterogeneity. We analyzed DNA samples from spatially distinct biopsies across the placentas.
a, the de novo non-mosaic CNVs were consistently present in all the biopsies (P153 and P091). b, the mosaic CNVs were present in one biopsy (P080 and P070), indicating placental mosaic CNV heterogeneity (see also Extended Data Fig. 2 and Source Data).


Extended Data Fig. 5 Determining fetal and maternal compartments in placenta DNA-samples using haplarithmisis.
We performed an in silico simulation by combining genotypes of the child and the mother with different proportions (from 1%Mother : 99%Child to 99%Mother : 1%Child) and deduced haplarithm profiles for each of these combinations, representing fetal and maternal compartments in placenta DNA samples (see also Source Data).


Extended Data Fig. 6 Proof-of-concept assay for the detection of mosaic aberrations using droplet digital PCR.
We mixed up a DNA sample from a trisomy 21 (copy number, CN=3) cell line with a DNA sample derived from a normal diploid cell line (CN=2) at different ratios, creating admixture series of DNA samples with 100%, 75%, 50%, 25%, 10–15% and 0% of abnormal alleles. Mosaic DNA samples were normalized to the number of fully diploid control (i.e. 0% abnormal). Each circle and error bar indicate mean and standard deviation, respectively, of four independent measurements.
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