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            Abstract
Haematopoietic stem cells (HSCs), responsible for blood production in the adult mouse, are first detected in the dorsal aorta starting at embryonic day 10.5 (E10.5)1,2,3. Immunohistological analysis of fixed embryo sections has revealed the presence of haematopoietic cell clusters attached to the aortic endothelium where HSCs might localize4,5,6. The origin of HSCs has long been controversial and several candidates of the direct HSC precursors have been proposed (for review see ref. 7), including a specialized endothelial cell population with a haemogenic potential. Such cells have been described both in vitro in the embryonic stem cell (ESC) culture system8,9 and retrospectively in vivo by endothelial lineage tracing5,10 and conditional deletion experiments11. Whether the transition from haemogenic endothelium to HSC actually occurs in the mouse embryonic aorta is still unclear and requires direct and real-time in vivo observation. To address this issue we used time-lapse confocal imaging and a new dissection procedure to visualize the deeply located aorta. Here we show the dynamic de novo emergence of phenotypically defined HSCs (Sca1+, c-kit+, CD41+) directly from ventral aortic haemogenic endothelial cells.
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                    Figure 1: 
                        Visualization of intra-aortic haematopoietic cells by confocal imaging on non-fixed E10 embryo slices.
                      [image: ]


Figure 2: 
                        Emergence of phenotypically defined HSCs on embryo slices.
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Figure 3: 
                        Emergence of phenotypically defined HSCs in whole E10 
                        Ly-6A-GFP
                         embryos.
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This movie shows the 3D reconstruction of the aorta from a E10 embryo slice. Ventral and dorsal sides of the aorta are specified. The boxed area shows a CD31+ ventral aortic cluster (red, CD31). (MOV 6034 kb)


Supplementary Movie 2
This movie shows the emergence of a Ly-6A GFP+ cell (white arrow) directly from the CD31+ ventral aortic endothelium (Example 1, 20x lens; green, Ly-6A GFP; red, CD31). (MOV 4001 kb)


Supplementary Movie 3
This movie shows the emergence of a Ly-6A GFP+ cell (white arrow) directly from the CD31+ ventral aortic endothelium (Example 2, 20x lens; green, Ly-6A GFP; red, CD31). (MOV 5345 kb)


Supplementary Movie 4
The first part of this movie shows the 3D reconstruction of the aorta from a E10 Ly-6A GFP embryo slice. Ventral/dorsal and front/back sides of the aorta are specified. The white box represents the area where two Ly-6A GFP+ cells will emerge in position of the white and yellow arrows. The second part shows the white box area from the front side (left) and back side (right) perspective of the aorta (40x lens; green, Ly-6A GFP; red, CD31). (MOV 5000 kb)


Supplementary Movie 5
This movie shows the emergence of a Ly-6A GFP+ cell (shown in Supplementary Movie 4, white arrow) in 2D (one z-stack) after deconvolution (40x lens; green, Ly-6A GFP; red, CD31). (MOV 4263 kb)


Supplementary Movie 6
This movie shows the emergence of a Ly-6A GFP+ cell (white arrow) directly from the CD31+ aortic endothelium (40x lens; green, Ly-6A GFP; red, CD31). Ventral and dorsal sides of the aorta are specified. (MOV 9939 kb)


Supplementary Movie 7
This movie shows the emergence of CD41-YFP+ cells (yellow arrow) directly from the ventral CD41- aortic endothelium (40x lens; yellow, CD41-YFP). The emergence and the concomitant YFP expression of the newly formed cells are shown in transmitted light (on the left) and fluorescence (on the right). (MOV 6450 kb)


Supplementary Movie 8
This movie shows the 3D reconstruction of the ventral and lateral sides of an aorta portion from a whole E10 embryo. Notice the hematopoietic clusters attached to the endothelium (40x lens; green, Ly-6A GFP; red, CD31). (MOV 5553 kb)


Supplementary Movie 9
This movie shows the emergence of a GFP+ cell from the aortic endothelium (20x lens; green, Ly-6A GFP). (MOV 7817 kb)
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        Editorial Summary
Blood stem cell creation
In zebrafish, haematopoietic stem cells (HSCs) arise from the dorsal aorta of the embryo. In vitro studies have suggested that there are in the dorsal aorta a population of intermediate progenitors that can give rise to both endothelial (or blood vessel lineage) and blood cells. In this issue, two groups present images showing the birth of HSCs from the ventral wall of the dorsal aorta in live zebrafish embryos. Bertrand et al. combined fluorescent reporter transgenes, confocal time-lapse microscopy and flow cytometry to identify and isolate the stepwise intermediates as aortic haemogenic endothelium transitions to nascent HSCs. They also show that the HSCs generated from this haemogenic endothelium are the lineal founders of virtually all of the adult haematopoietic system. Karima Kissa and Philippe Herbomel similarly use imaging of live zebrafish to show HSCs emerge directly from the aorta floor, They show this process that does not involve cell division but movement of single endothelial cells out of the aorta ventral wall into the sub-aortic space, where they transform into haematopoietic cells. They call this new type of cell behaviour endothelial haematopoietic transition (EHT). In a third report, Boisset et al. confirm that this process also occurs in mice, using a dissection procedure to visualize the deeply located aorta. They showed de novo emergence of phenotypically defined HSCs directly from ventral aortic haemogenic endothelial cells.
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