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    ABSTRACT
In all tetrapods examined thus far, the development and patterning of limbs require the activation of gene members of the HoxD cluster. In mammals, they are controlled by a complex bimodal regulation, which controls first the proximal patterning, then the distal structure, allowing at the same time the formation of the wrist and ankle articulations. We analyzed the implementation of this regulatory mechanism in chicken, i.e. in an animal where large morphological differences exist between fore-and hindlimbs. We report that while this bimodal regulation is globally conserved between mammals and avian, some important modifications evolved at least between these two model systems, in particular regarding the activity of specific enhancers, the width of the TAD boundary separating the two regulations and the comparison between the forelimb versus hindlimb regulatory controls. Some aspects of these regulations seem to be more conserved between chick and bats than with the mouse situation, which may relate to the extent to which forelimbs and hindlimbs of these various animals differ in their functions.
AUTHOR SUMMARY The morphologies of limbs largely vary either amongst tetrapod species, or even between the fore-and hindlimbs of the same animal species. In order to try and evaluate whether variations in the complex regulation of Hoxd genes during limb development may contribute to these differences, we compared their transcriptional controls during both fore-and hindlimb buds development in either the mouse, or the chicken embryos. We combined transcriptome analyses with 3D genome conformation, histone modification profiles and mouse genetics and found that the regulatory mechanism underlying Hoxd gene expression was highly conserved in all contexts, though with some clear differences. For instance, we observed a variation in the TAD boundary interval between the mouse and the chick, as well as differences in the activity of a conserved enhancer element (CS93) situated within the T-DOM regulatory landscape. In contrast to the mouse, the chicken enhancer indeed displayed a stronger activity in fore-than in hindlimb buds, coinciding with the observed striking differences in the mRNA levels. Altogether, differences in both the timing and duration of TAD activities and in the width of their boundary may parallel the important decrease in Hoxd gene transcription in chick hindlimb versus forelimb buds. These differences may also account for the slightly distinct regulatory strategies implemented by mammals and birds at this locus, potentially leading to substantial morphological variations.
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