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            Abstract
It is generally assumed that sister chromatids are genetically and functionally identical and that segregation to daughter cells is a random process. However, functional differences between sister chromatids regulate daughter cell fate in yeast1 and sister chromatid segregation is not random in Escherichia coli2. Differentiated sister chromatids, coupled with non-random segregation, have been proposed to regulate cell fate during the development of multicellular organisms3. This hypothesis has not been tested because molecular features to reliably distinguish between sister chromatids are not obvious. Here we show that parental â€˜Watsonâ€™ and â€˜Crickâ€™ DNA template strands can be identified in sister chromatids of murine metaphase chromosomes using CO-FISH (chromosome orientation fluorescence in situ hybridization4) with unidirectional probes specific for centromeric and telomeric repeats. All chromosomes were found to have a uniform orientation with the 5â€² end of the short arm on the same strand as T-rich major satellite repeats. The invariable orientation of repetitive DNA was used to differentially label sister chromatids and directly study mitotic segregation patterns in different cell types. Whereas sister chromatids appeared to be randomly distributed between daughter cells in cultured lung fibroblasts and embryonic stem cells, significant non-random sister chromatid segregation was observed in a subset of colon crypt epithelial cells, including cells outside positions reported for colon stem cells5. Our results establish that DNA template sequences can be used to distinguish sister chromatids and follow their mitotic segregation in vivo.
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                    Figure 1: 
                        Highly conserved orientation of telomeric and major satellite DNA in murine chromosomes revealed by four-colour CO-FISH.
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Figure 2: 
                        CO-FISH to study sister chromatid segregation patterns.
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Figure 3: 
                        Measurements of Watson and Crick DNA template strand fluorescence in post-mitotic cells.
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Figure 4: 
                        Models for the mechanism and function of asymmetric sister chromatid segregation.
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