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            Abstract
The first haematopoietic stem cells (HSCs) appear in the aorta-gonad-mesonephros (AGM) region, major vitelline and umbilical vessels, and placenta; however, whether they arise locally or from immigrant yolk sac precursor cells remains unclear. This issue is best addressed by measuring cell-lineage relationships rather than cell potentials. To undertake long-term in vivo tracing of yolk sac cells, we designed a non-invasive pulse-labelling system based on Cre/loxP recombination. Here we show that in Runx1+/- (runt-related transcription factor 1) heterozygous mice, yolk sac cells expressing Runx1 at embryonic day 7.5 develop into fetal lymphoid progenitors and adult HSCs. During mid-gestation the labelled (embryonic day 7.5) yolk sac cells colonize the umbilical cord, the AGM region and subsequently the embryonic liver. This raises the possibility that some HSCs associated with major embryonic vasculature are derived from yolk sac precursors. We observed virtually no contribution of the labelled cells towards the yolk sac vasculature, indicating early segregation of endothelial and haematopoietic lineages.
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                    Figure 1: 
                        Embryonic expression of 
                        Runx1
                         and analysis of inducible 
                        Runx1
                        -dependent cell tagging.
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Figure 2: 
                        Embryo cell tagging kinetics at E7.5.
                      [image: ]


Figure 3: 
                        The embryonic haematopoietic progeny of yolk sac blood-island cells.
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Figure 4: 
                        Representative Î²-gal staining of E10.5 dorsal aorta and E11.5 umbilical artery and vein sections of embryos activated at E7.5 by a single injection of 4â€²OHT.
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Figure 5: 
                        The haematopoietic progeny in adult mice of yolk sac cells from the blood-island region.
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Something in the blood
There are two recognized phases of blood formation (haematopoiesis) during embryonic development: an initial 'primitive' stage that takes place in the extraembryonic yolk sac and provides nutrients to the early embryo, then a 'definitive' stage that begins in a region of the embryo known as the aorta-gonad-mesonephros. There has been prolonged debate over whether the source of the definitive haematopoietic population is local or external, deriving from inwardly migrating precursors from the yolk sac. A new non-invasive cell tracing study contradicts the current orthodoxy and suggests that the yolk sac is indeed the source of adult haematopoietic stem cells. Knowledge of the origins of the blood supply is relevant to work on the generation of blood stem cells in culture, with the potential for therapeutic applications.
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