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Abstract. Simaroubaceae is a monophyletic family in the order Sapindales with 22 genera and 109 species. Ailanthus altissima
(Mill) Swingle, also known as the tree of heaven, is a highly invasive species, which systematically belongs to Simaroubaceae.
Reproductive characteristics are essential for the deployment and maintenance of invasive species in new environments and
examination of the reproductive system of these species is interesting. To date, no embryological investigations had been directed
to A. altissima and our knowledge on the embryology of this species was very limited. A study was carried out on the
embryology of A. altissima and the comparison of anther development in male and female flowers in order to gain insights into
defining embryological features in this species. According to the results of histological analysis, male flowers have rudimentary
gynoecia and anthers are tetrasporangiate. Cytokinesis in meiosis is simultaneous resulting in tetrahedral tetrads. Anther wall
development follows the dicotyledonous type and the tapetum is secretory. Female flowers have staminodes and microspore
mother cells are degraded too early before entering the course of meiosis. Ovules are anatropous, bitegmic, and crassinucellate.
The development of the embryo sac follows the polygonum type. Embryos follow the Onagrad type. The endosperm
development is nuclear type. A well-developed hypostase is present and a nucellar cap is formed. These observations will
advance our understanding of embryology and embryo anatomy in A. altissima as an invasive species.
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Fig. 1. Anther development in female flowers (Ailanthus altissima). A. Stamen primordium with ground meristem and
protodermal cells. B. Cross section of a young anther with archeosporial cells. C. Periclinal division of archeosporial
cells and producing sporogenous cells, the endothecium and the middle layer are derived from the periclinal division of
the outer secondary parietal cells (Dicotyledonous type). D. Differentiation of sporogenous cells into microspore mother
cells. E. Degeneration of microspore mother cells, middle layer and tapetum. F. Tangentially elongation of endothecial
cells and epidermal cells enlargement. G. Mature anther. H. Degeneration of endothecial cell layer in mature anther. 1,
J. shrinkage and collapse of the anther locules. Abbreviations: pr, protodermis; gm, ground meristem; ar, archesporial

cell; ep, epidermis; en: endothecium; ml, middle layer; sgc, sporogenous cell; t: tapetum; mmc, microsporemother cell.
Scale bars: 40 um.
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Fig. 2. Megasporogenesis in female flowers (Ailanthus altissima). A. An ovule primordium with protodermal cells and
division of primary archeosporial cell to produce secondary archeosporial cell and parietal cell. B. Development of
secondary archeosporial cell into sporogenous cell, more division of sporogenous cell led to formation of a multi-
layerparietal tissue. C. The enlargement of sporogenous cell and its differentiation into megaspore mother cell with the
position of the nucleus towards the micropolar pole. D. The enlargement of sporogenous cell and its differentiation into
megaspore mother cell with the position of the nucleus towards the chalazal pole. E. Meiosis | of megaspore mother
cell and producing dyad state. F. A dyad, the second cell is dividing. G. Meiosis Il of megaspore mother cell and
producing liner tetrads. H. Degeneration of the three megaspores on the micropolar pole and the development of the
chalazal one into the megagametophyte (functional megaspore). Abbreviations: pr, protoderm; ppc, primary parietal
cell; sar, secondary archesporial cell; sgc, sporogenous cell; n, nucleus; pt, parietal tissue; oi, outer integument; ii, inner
integument; fm, functional megaspore; ep, epidermis; mmc, microsporemother cell. Scale bars: 40 um.
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Fig. 3. Megagametogenesis and fertilization in female flowers (Ailanthus altissima). A. Embryo sac with polar nuclei

and three antipodal cells before the fusion of cytoplasm. B. Polar nuclei after the fusion of cytoplasm. C. The fusion of
two polar nuclei and the formation of a diploid central cell. D. The egg apparatus with two synergids and an egg cell on
the micropolar pole. E. An egg cell at the chalazal pole. F. Embryo sac with three antipodal cells and two synergids. G.
Egg cell enlargement and polarization at the chalazal pole. H. The fertilization of the egg cell and the formation of the
zygote (2n). 1. The enlargement and vacuolation of zygote at the chalazal pole. Abbreviations: ant, antipodal cell; pn,
polar nuclei; cc, central cell; eg, egg cell; syn, synergid; zyg, zygote. Scale bars: 40 um.
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Fig. 4. Endosperm development in female flowers (Ailanthus altissima). A. Repeated divisions of the primary
endosperm nucleus (metaphase phase). B. Early stages of nuclear endosperm development. C, D. The increase of
divisions at the nuclear endosperm. E, F. Wall formation and cellularization of endosperm in a centripetal manner.
(Arrows indicate the direction of cellularization). G. Cellular endosperm. Abbreviations: em: embryo. Scale bars: 40

um.
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Fig. 5. Embryo development in in female flowers (Ailanthus altissima). A. The transverse division of the zygote
produces two cells. B. The apical cell divides vertically and gives rise to a two-celled proembryo, the basal cell divides
transversely into two cells, ci and m. C. octant stage (8-celled proembryo) and vertical division of cell m. D. early
globular embryo stage. E. Periclinal division of octant gives rise to dermatogens cell layer and an internal cell layer, at
this stage, a vertical division occurs in ci. F. Late globular embryo stage. G. Transitional stage embryo. I. Heart stage
embryo; shoot apical meristem (SAM) and root apical meristem (RAM) become specified at this stage. J. Advanced
stage of seed formation (embryo cotyledonary stage). Abbreviations: ac, apical cell; bc, basal cell; su, suspensor; D,
dermatogen; pro, procambium; RAM; root apical meristem; vb, vascular bundle; rm, reserve food material. Scale bars:
40 pm.
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Fig. 6. Embryo development in female flowers (Ailanthus altissima). A. radicle in the embryo cotyledonary stage. B.
The procambial strands extending into the cotyledon. C. Procambial tissue in the radicle. D. Procambial branches with
more magnification. Abbreviations: e, endosperm; em, embryo. Scale bars: 40 pm.
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Fig. 7. The development of ovule integuments in female flowers (Ailanthus altissima). A-C. Longitudinal sections of
young ovules showing inner and outer integuments initiation. D. The growth of inner integuments around the nucellus
and the formation of the micropyle. E, F. The formation of zig-zag micropyle by inner integuments. G. The periclinal
divisions of the nucellar epidermis cells and formation of a prominent nucellar cap. H. The formation of hypostase at
the base of the nucellus and integuments. 1. The hypostase consisting of thick-walled and reserved materials-containing

cells. Abbreviations: ii, inner integument; oi, outer integument; fvs, funicular vascular bundle; hy, hypostase; nc,
nucellar cap. Scale bars: 40 pum.
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Fig. 8. Ovule development in male flowers (Ailanthus altissima). A. An Ovule primordium with protodermal and
ground meristem cells. B. The differentiation of several archeosporial cells in the hypodermis. C. The differentiation of

ovule cells and their exit from meristem state. D. The decomposition of ovule cells and the creation of a central cavity.
E. The longitudinal section of flower, showing abortive ovules. Abbreviations: pr, protodermis; gm, ground meristem;

ar, archesporial cell; cc, central cavity. Scale bars: 40 um.
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