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    Abstract
The carpel is the basic unit of the gynoecium in angiosperms and one of the most important morphological features distinguishing angiosperms from gymnosperms; therefore, carpel origin is of great significance in angiosperm phylogenetic origin. Recent consensus favors the interpretation that the carpel originates from the fusion of an ovule-bearing axis and the phyllome that subtends it. It has been confirmed by morphological and molecular evidence that foliar homologs are involved in carpel evolution. Consequently, if axial homologs can be traced in the carpel, it would more likely be derived from an integrated axial-foliar structure. This study aimed to reveal the axial structures in carpels by analyzing the continuous changes in vasculature from the receptacle to the carpels and ovules. Anaxagorea is the most basal genus in a primitive angiosperm family, Annonaceae. The conspicuous carpel stipe at the base of each carpel makes it an ideal material for exploring the possible axial homologous structure in the carpel. In this study, floral organogenesis and the topological vasculature structure were delineated in Anaxagorea luzonensis and Anaxagorea javanica, and a 3D-model of the carpel vasculature was reconstructed based on the serial sections. The results show that (1) at the flowering stage, the number of vascular bundles entering each Anaxagorea carpel from the receptacle was significantly higher than three, arranged in a radiosymmetric pattern, and forming a basal ring at the base of each carpel. (2) All carpel bundles were only connected with the central stele. (3) At the slightly upper part of the carpel, all lateral bundles from the basal ring were reorganized into two groups, each forming a lateral bundle complex below the respective placenta. Bundles in each lateral bundle complex were also ringed. (4) The ovule bundles were composed of non-adjacent bundles in the lateral bundle complex. The results of the present study suggest that the circular arrangement of bundles in the receptacle, carpel stipe, and placenta of Anaxagorea are in line with the composite axial-foliar nature of the carpel, and provide a morphological basis for further research on the origin of the carpel.
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Footnotes
	We have supplemented the anatomical results of the two Anaxagorea species, including a complete serial section of vasculature from the receptacle to the gynoecium and serial section of carpel vasculature in fruiting stage.
In addition, we made a 3D model of the carpel vasculature according to the serial sections of the mature carpel of A. javanica
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