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            Abstract
Recent advances in angiosperm phylogeny reconstruction1,2,3, palaeobotany4,5 and comparative organismic biology6,7,8 have provided the impetus for a major re-evaluation of the earliest phases of the diversification of flowering plants. We now know that within the first fifteen million years of angiosperm history, three major lineages of flowering plantsâ€”monocotyledons, eumagnoliids and eudicotyledonsâ€”were established5, and that within this window of time, tremendous variation in vegetative and floral characteristics evolved. Here I report on a novel type of embryo sac (angiosperm female gametophyte or haploid egg-producing structure) in Amborella trichopoda, the sole member of the most ancient extant angiosperm lineage. This is the first new pattern of embryo sac structure to be discovered among angiosperms in well over half a century. This discovery also supports the emerging view9,10,11,12 that the earliest phases of angiosperm evolution were characterized by an extensive degree of developmental experimentation and structural lability, and may provide evidence of a critical link to the gymnospermous ancestors of flowering plants.
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                    Figure 1: 
                        A seven-celled, eight-nucleate female gametophyte (Polygonum-type) that is common to the vast majority of angiosperms.
                      [image: ]


Figure 2: Transmission electron micrographs of an individual serially sectioned female gametophyte of  Amborella.[image: ]


Figure 3: Three-dimensional reconstructions (from semi-thin serial sections) of the four-celled egg apparatus of  Amborella.[image: ]


Figure 4: Terminal developmental stages of the egg apparatus in the female gametophyte of  Amborella.[image: ]


Figure 5: Development of the female gametophyte of  Amborella.[image: ]
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        Editorial Summary
The roots of flowering plants
Charles Darwin called the origin of the flowering plants (or angiosperms) an â€˜abominable mysteryâ€™. The enigma is still far from complete resolution, but some headway is made with the discovery of a new type of embryo sac (a female reproductive structure) in Amborella trichopoda, a small evergreen shrub now found only on the island of New Caledonia. Amborella is the sole living representative of the most ancient angiosperm lineage, and a true â€˜living fossilâ€™. Its embryo sac sheds light on a period of experimentation in the early evolution of the flowering plants, and may represent a key intermediate condition between gymnosperms and angiosperms.
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