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            Abstract
Trisomy 21 is the most frequent genetic cause of cognitive impairment. To assess the perturbations of gene expression in trisomy 21, and to eliminate the noise of genomic variability, we studied the transcriptome of fetal fibroblasts from a pair of monozygotic twins discordant for trisomy 21. Here we show that the differential expression between the twins is organized in domains along all chromosomes that are either upregulated or downregulated. These gene expression dysregulation domains (GEDDs) can be defined by the expression level of their gene content, and are well conserved in induced pluripotent stem cells derived from the twins’ fibroblasts. Comparison of the transcriptome of the Ts65Dn mouse model of Down’s syndrome and normal littermate mouse fibroblasts also showed GEDDs along the mouse chromosomes that were syntenic in human. The GEDDs correlate with the lamina-associated (LADs) and replication domains of mammalian cells. The overall position of LADs was not altered in trisomic cells; however, the H3K4me3 profile of the trisomic fibroblasts was modified and accurately followed the GEDD pattern. These results indicate that the nuclear compartments of trisomic cells undergo modifications of the chromatin environment influencing the overall transcriptome, and that GEDDs may therefore contribute to some trisomy 21 phenotypes.
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                    Figure 1: Gene expression fold change is organized in chromosomal domains.[image: ]


Figure 2: Weakly and highly expressed genes contribute differently to the domains.[image: ]


Figure 3: GEDDs are conserved in iPS cells.[image: ]


Figure 4: GEDDs are conserved in Ts65Dn mouse model for Down’s syndrome.[image: ]


Figure 5: Correlation with LADs.[image: ]


Figure 6: Correlation with replication time domains and H3K4me3 mark.[image: ]
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Change history
	02 December 2015
Nature 508, 345–350 (2014); doi:10.1038/nature13200 Owing to a labelling error in the input files, one of the two replicate data sets used for Fig. 5d and e and Supplementary Fig. 6d of this Article was incorrect. We have now repeated the analysis with a correct, independent replicate experiment. This confirms our previous conclusion that there are no detectable differences in nuclear lamina interactions between the normal and trisomy 21 twin cells.
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The genetic landscape of Down's syndrome
Down's syndrome is thought to be caused by gene expression disturbances, so to understand the molecular mechanisms that underlie the phenotype requires an understanding of the transcriptome differences in cells and tissues carrying the total or partial trisomy of chromosome 21 that is typical of the condition. This study of the transcriptome of fetal cells of monozygotic twins discordant for trisomy 21 shows that differential expression between the twins is organized in domains along all chromosomes. These gene expression dysregulation domains are conserved in the mouse model of Down's syndrome and correlate with the lamina-associated domains and replication domains. Although the overall genome topology is not altered in trisomic cells, the authors report modifications of the chromatin environment influencing the overall transcriptome and suggest that the dysregulation domains they identify may therefore contribute to some Down's syndrome phenotypes.
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