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Reproductive biology of Euphorbia lathyris L. (Euphorbiaceae) : Seed development
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ABSTRACT
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For the first time, seed development in Euphorbia lathyris L. was investigated. It was found that seed development in E. lathyris 
is similar to that of other species of the genus Euphorbia. At the same time, some of new features have been revealed such as 
(1) the presence of hemitropous ovules; (2) formation of endopachychalaza and postchalazal branching system of raphe 
conductive bundle in the seed (in the form of special cells at its endings which penetrate the hypostase, the base of the tegmen 
and the nucellus podium), (3) differentiation of tracheoid-like cells in the endotegmen, and (4) chalazal haustorium of the 
endosperm, which deeply penetrates the endopachychalaza tissue. Some functional aspects of seed formation in E. lathyris have 
been discussed like the possible involvement of tracheid-like endotegmen cells in seed swelling during germination, and the 
possible reasons of appearance of spherocrystals in mature testa cells that were interpreted as redundant products of metabolism 
required for seed formation, and crystallization upon its maturation.
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Euphorbia lathyris L. belongs to the subgenus Esula Pers. (Pyatigorsk, Russia) in 2016-2017. The material at the desired 
of the genus Euphorbia L. (Euphorbiaceae). This subgenus stages was fixed in a FAA mixture (formalin: acetic acid: 
was recently separated on the basis of molecular-phylogenetic alcohol 70 % — 7:7:100). Regular preparations were made 
analysis (Steinmann and Porter 2002, Bruyns et al. 2006, Horn according to the standard cyto-embryological methods 
et al. 2012). Euphorbia lathyris is the representative of its (Pausheva, 1980). Microm HM 325 rotary microtome (Carl 
monotypic section Lathyris Dumort., which occupies a basic Zeiss, Germany) was used to obtain sections (10-14 μm). The 
position in the phylogenetic tree (Riina et al. 2013). It is an preparations were double-stained with Safranin and Alcyan 
annual herbaceous plant with an erect stem, opposite linear- blue, and analyzed with an Axioplan 2 bright-field microscope 
lanceolate leaves and an umbrella-shaped inflorescence (a (Carl Zeiss, Germany). Morphology of the seeds was studied 
complex pleiochasium, which in turn consists of individual by using a scanning electron microscope JSM-6390LA (Jeol 
complex inflorescences-cyathia). The distribution of this Ltd., Japan) at the Core Facility Center «Cell and Molecular 
species is confined to the Mediterranean, Central Europe and Technologies in Plant Science» at the Komarov Botanical 
East Asia (Geltman 2015). According to Wang et al. (2011), Institute RAS (St. Petersburg, Russia). The seed preparations 
when introduced to a temperate climate, species can behave as were covered with a mixture of palladium and gold. The ovule 
a biennial (that agrees with our observations). It is a valuable and seed development was described in accordance with the 
oil-yielding plant, as well as a promising crop for obtaining typification accepted in the works of (Dahlgren 1940, Bor and 
high-quality biofuel from seeds (Wang et al. 2011). For Bouman 1974 and Shamrov 2008).
successful cultivation of E. lathyris as an agricultural crop, it is 

RESULTS
necessary to study various aspects of its reproductive biology, 
in particular, the seed development. Unfortunately, the The gynoecium of Euphorbia lathyris is a syncarpous 
required information on seed development is not available in and trilocular ovary and three stylodia in continuation with 
the literature, except about the development of its female and latter ends in a bilobate stigma are joined with other 
gametophyte, the endosperm, and seed coat structure (Baillon stylodia, forming the short style. A single ovule develops in 
1858, Modilevsky 1911, Mandl 1926). Thus, the aim of each of the locule. Ovules are located on the central columnar 
present work was to fill the void and detail out the outgrowth of the placenta, near the massive placental 
development pattern of seed development in Euphorbia obturator (Fig. 1, 1, 2).
lathyris L. A completely differentiated ovule is hemitropous (the 

micropyle-chalaza axis is oriented to the placenta at 35° angle, 
MATERIAL AND METHODS

with a slight curving of the micropyle region in the direction of 
   Seeds of E. lathyris at different developmental stages the placenta). It is crassinucellate and bitegmic; funiculus is 

were collected from the plants grown in the quarantine short (from 1-2 cell layers) (Fig. 1, 1, 2). The nucellus usually 
greenhouse of the Komarov Botanical Institute RAS (BIN contains 3 embryo sacs and out of these one is more developed 
RAS, St. Petersburg), and also from plants introduced at the (7-celled, 8-nuclear) than the remaining two. The 
Ecological-botanical station “Pyatigorsk” BIN RAS development of the undifferentiated embryo sacs is usually 



terminated at the 4-nuclear coenocyte stage. The mature elongated vacuolated cells). Cells of all parts of the nucellus in 
embryo sac consists of an egg cell, two synergids (with the the zone adjacent to the embryo sac (excluding the podium) 
developed filamentous apparatus), a central cell (with two are lysed. At the same time, cells in the apical and middle parts 
contacting polar nuclei near the egg apparatus) and three of the nucellus, like the embryo sac cells, contain spherical 
antipodal cells (Fig. 1, 3, 4а-4d). inclusions (especially large ones in the parietal tissue cells) 

The apical end of the nucellus is represented by a massive (Fig. 1, 3, 4а-4d).
beak-like structure. It consists of a 1-3-layered nucellar cap The outer integument is four-layered; in the apical part (at 
and a multilayered parietal tissue (9-10 layers of cells). the region where future caruncle is formed); it is 8-9-layered
Nucellar beak has a characteristic conical shape and is and forms an exostome. The inner integument is 7-8-layered, 
separated by a furrow from the rest of the nucellus. Before shorter than the outer integument and the nucellus and at this 
fertilization, it protrudes from the micropyle and contacts the stage does not participate in the formation of the micropyle. 
placental obturator. The cells of its multilayered epidermis (of Long epidermal cells of the placental obturator grow into a 
a nucellar cap) have the continuation in the form of large and in wide exostome and contact the cells of the nucellar beak (Fig. 
some areas bilayered epidermal cells of the mid-nucellar 1, 1). During the progamous phase, the inner integument 
region. The inner cells in this part of the nucellus are thickness increases up to 10-15 cell layers (Fig. 5, 1).
vacuolated and arranged in clear rows. The basal part of the Chalaza in the E. lathyris ovule (also, as in other species 
nucellus is also massive; it is differentiated into a goblet of the Euphorbiaceae; (Corner 1976) has an unusual structure. 
podium (consisting of the small, actively dividing It is characterized by an atypical position of the conductive 
meristematic cells) and a columnar postament (formed by the bundle endings and the hypostase. In the completely 

 

Fig. 1. Formed ovule and embryo sac of Euphorbia lathyris. 
1, 2 – the structure of ovule on longitudinal section (2 - schematized), 3 – zonality of the nucellus and chalaza structure, 4a-4g –the  structure of 
embryo sac elements (series of longitudinal sections; details of 4 and 4b illustrate the egg apparatus, upper and lower polar nuclei of the main 
embryo sac, as well as spherical inclusions in the cells of the parietal tissue, details of 4c and 4d illustrate the antipodes of the main embryo sac and 
an additional sac, which is at the stage of 4-nuclear coenocytes). a - antipodes, a e s - additional embryo sac, c - caruncle, c b - conductive bundle, c i 
– the insertion of cells between the hypostase and the podium, e a - the egg apparatus, h - hypostase, i  - inner integument, l p n - lower polar nuclei, 
m e s - main embryo sac, n - nucellus, n b - nucellar beak, n c - nucellar cap, o - obturator, o i- outer integument, o w - the ovary wall, pd- podium, p n - 
polar nuclei, ps - postament, p t - parietal tissue, s i – spherical inclusions, u p n - the upper polar nuclei of the central cell. Scale: 1, 2 - 100, 3 - 50, 4a-
4g - 20 μm. 
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developed ovule, a massive conductive bundle of the raphe greater displacement of the exostome to the placenta, 
enters the relatively wide base of the outer integument and as a result of which the micropyle becomes zigzag. 
extends further into the narrow base of the inner integument Embryogenesis includes the stages of the zygote, proembryo, 
(“heteropyle”), where the cup-shaped hypostase is displaced, globular, heart-shaped, torpedo-shaped and the morphologically 
limiting here only the nucellus base. At this developmental formed embryo. The type of endospermogenesis is nuclear; the 
stage, separate differentiated xylem elements are already cellularization process begins at the stage of the globular embryo 
found in the raphe conductive bundle. However, in its endings (Fig. 2, 1-5; 3, 1-5b). 
at the level of inner integument and hypostase only pro- During the seed development, a gradual destruction of the 
cambium cells are present. Procambium cells together with parietal tissue and the middle part of the nucellus occurs in the 
the hypostase cells enter into the base of the inner integument, region adjacent to the embryo sac, but the rests of the parietal 
where they are in contact with the periclinally dividing cells of tissue can be traced even after the heart-shaped embryo stage. 
its inner epidermis, as well as the outer epidermis of the The walls of nucellar cap cells (contents of which undergo 
nucellus base. At the same time, as a result of divisions a small lysis) gradually become lignified, with the epistase formation 
cell insertion is formed, which gradually distributes between (Fig. 3, 1-4). During the growth of the chalazal end of the 
the hypostase and the podium of the nucellus. The forming endosperm, the postament also undergoes 
meristematic cells of this insertion, together with the thin- degradation, which is accompanied by the sliming of their cell 
walled tabular cells of hypostase and the procambium cells, walls (bright red Safranin staining; Fig. 4, 1, 2а-2d, 3а, 4а, 
form the comprehensive unit, which at this stage has only 4d).
distinct external boundaries (Fig. 1, 1-3). In contrast, the nucellar podium undergoes other changes, 
Seed development—After fertilization, the developing seeds associated with certain transformations of the seed chalazal 
are characterized by certain curvature of the micropyle-chalazal part. At the proembryo stage, cell divisions continue in these 
axis. Due to the predominant growth of their structures at the structures, so they become even more massive. The podium 
anti-raphal side, seeds at first become hemi-campylotropous, cells, especially at its lateral part, increase in size and become 
and then - slightly campylotropous. Also, the nucellar beak longer than the globular embryo (with the formation of a 
becomes overgrown with the inner integument which forms the “nucellar pad”). In addition, they also accumulate spherical 
endostome, and the outer integument overlap the inner inclusions characteristic of parietal tissue and the middle part 
integument, to finally form the apical part of the caruncle. of the nucellus. The thickness of hypostase at this stage 
During these processes, a stronger growth of the outer increases up to 10 layers, and the thickness of cell insertion 
integument from the anti-raphal seed side leads to an even between the hypostase and podium — up to 8 layers. The 

 

Fig. 2. Sequential stages of seed development. 
1-5 - the seed structure at the stages of proembryo (1), globular (2); heart-shaped (3), torpedo-shaped  (4) and  mature (5) embryo (longitudinal 
sections, schematized). ch – chalaza, c h e – chalazal haustorium of the endosperm, e - embryo, end – endosperm, entg - endotegmen, epch – 
endopachychalaza, extg - exotegmen, n e - nuclei of coenocytic endosperm, m –mycropyle, mtg - mesotegmen, rp - raphe, s c - specific cells of the 
endings of the conductive bundle, tg - tegmen, ts – testa,  z - zygote. The rest  of designations are the same as in fig. 1. Scale: 100 μm
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Fig. 3. The structure of the embryo at different stages of development :
1 - proembryo, 2 - globular, 3 - heart-shaped, 4 - torpedo-shaped and 5a-5b – morphologically formed embryo (1-4, 5b - longitudinal sections, 5a- 
the external view of embryo). a s - shoot apex, ct – cotyledon, hc - hypocotyl, l - lacticifer, p l - palisade layer of the cotyledon mesophyll, r - radicle. The 
rest of designations are the same as in fig. 1 and 2. Scale: 1-4, 5b - 50 μm, 5a - 0.5 mm.

Fig. 4. Different stages of the chalaza development: 
1-4c – its structure at the stage of proembryo (1), globular (2a-2d), heart-shaped (3a-3b) and torpedo-shaped (4a-4c) embryo (1-2b, 3a-4c - 
longitudinal sections of the chalazal part of the seed, 2b-2d - cross sections in the podium area). The square bracket indicates the insertion of cells 
between the hypostase and the podium. The rest of designations are the same as in fig. 1 and 2, Scale: 50 μm 
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increase in thickness of hypostase and cell insertion occurs via cells with thickened walls, without xylem. On the basis of 
their intercalary growth (by periclinal cell divisions). At the these characteristics and in accordance with the main criteria 
same time, the boundaries between the hypostase (whose cells for the chalaza typing (Corner 1976, Periasamy 1962, 
become flattened and acquire thickened walls) and the Boesewinkel and Bouman 1984, Shamrov 2008), the structure 
penetrating endings of the raphe conductive bundle (branched of the seed chalazal part in E. lathyris should be defined as 
after entering the heteropyle) become clear. At this stage of tegmic pahychalaza (in terms of Corner 1976), or 
development, there are few cell types entering the conducting endopachychalaza (in terms of Boesewinkel and Bouman 
bundle; the procambial cells, xylem elements, and the 1984). Moreover, the presence of the cell insertions below the 
elongated specific cells along with them; (cell walls of the base of the nucellus and tegmen confirms the point of view 
elongated cells stain intensely with Alcian blue). It is 

that endopachychalaza is a product of partial congenital fusion 
characteristic that these specific cells penetrate not only into 

of the nucellus and the inner integument (Shamrov 2008). 
the base of the tegmen, but also into the lateral part of the 

During seed development, the integuments undergo 
podium (without xylem). This process is also accompanied by 

significant changes that are associated with their 
a gradual expansion of the chalazal end of the endosperm and 

transformation into the testa (the derivative of the outer 
its penetration into the postament and podium.

integument) and the tegmen (the derivative of the inner 
At the heart-shaped embryo stage, the podium and the 

integument). At the proembryo and globular embryo stages 
chalaza (including the hypostase and the cell insertion 

(coenocyte phase of endosperm development), the exotegmen 
between the hypostase and the podium) undergo significant 

layer of the tegmen (the derivative of the inner integument 
expansion due to anticlinal cell division and their extension in 

outer epidermis) can be seen more clearly. Its cells undergo 
the tangental directions (periclinal divisions stop). By this 

gradual elongation. The cells of the remaining layers become 
developmental stage, the hypostase thickness reaches up to 

highly vacuolated, and accumulate small amounts of spherical 
10-13 cell layers and 9-10 layers for the cell insertion. Cells of 

inclusions (Fig. 2, 2, 3; 5, 1-2). During the subsequent 
both these structures begin to fill in with tannins, and a slight 

developmental stages (embryo organogenesis and cellular 
lengthening of the inner integument (tegmen) from the 

endosperm), contents of elongated exotegmen cells undergo 
nucellus side becomes evident. Expansion of the podium and lysis, and their cell walls develop intensely porous thickenings 
chalaza is accompanied with the attainment of bladder-shape with the formation of macrosclereid layer. The macrosclereid 
endosperm chalazal end and the deep penetration of the latter cells are of variable length. Simultaneously, a layer of 
in the tissue of these structures. This part of the endosperm for endotegmen (the derivative of the inner integument inner 
some time retains the coenocyte state, showing signs of epidermis) becomes distinguishable into tracheid-like cells 
haustorial activity. Cells of the central part of the podium with ring-like thickenings on the walls. These cells apparently 
adjoining the endospermal chalazal haustorium gradually amplify the system of post-chalazal branching of the raphe 
undergo vacuolization and subsequent destruction. However, conductive bundle. Parenchymal cells of intermediate layers 
its peripheral cells retain a dense cytoplasm and get penetrated (mesotegmen) gradually obliterate (Fig. 5, 3-4а).
by the specific cells of the conducting bundle endings (Fig. 2, The testa is differentiated into exo-, endo-, and mesotesta. 
3; 4, 3а-3b). The number of its layers in some parts increases up to 5-6 (due 

At the torpedo stage of embryo development, the podium to additional periclinal division of mesotesta cells and 
cells together with the specific cells of the conducting bundle sometimes of exotesta cells), which, in combination with 
endings penetrating them, completely undergo destruction, the regular elongation of macrosclereids of the exotegmen, 
accompanied by a gradual loss of the endosperm haustorial creates a characteristic surface sculpture of E. lathyris 
activity. However, hypostase cells with cell insertions seeds (Fig. 5, 4а). The cell layers of testa acquire clear 
between the hypostase and podium are completely filled with morphological differences. The cells of a single-row exotesta 
tannins (Fig. 2, 4; 4, 4а-4b) and preserved in the mature seed become large, radially elongated and convex (with a thickened 
together with specific cells of the conducting bundle endings outer walls); cells of single-row endotesta - also large, but 
(Fig. 2, 5). cubical (in longitudinal sections); cells of 2-4-row mesotesta 

The E. lathyris seed chalazal part possesses a number of are longitudinally flattened and highly vacuolated. It is 
special structural features: (1) it has a significant massive and characteristic that, at the late stages of development, very 
characteristic hemispherical shape; (2) there is deep small spherical inclusions, similar in structure to the   
penetration of the endosperm chalazal end in it; (3) shortening spherical inclusions of the nucellus and mesotegmen cells, 
of the tegmen length from the lateral side of the nucellus; (4) appear in meso- and exotesta cells. However, during seed 
formation of a specific “post-chalazal branching” in seed, as a maturation they agglutinate into larger bodies and exhibit 
plexus of additional bundles continue into the hypostase, the double refraction when analyzed with a polarized light      
tegmen base and the nucellus; in the latter, only the elongate (Fig. 5, 5а-5b).
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The mature seeds of E. lathyris are about 5 mm long and irregularly elongated cells-macrosclereids) and a layer of 
3-4 mm wide, ovate, in homogeneously colored (with areas of tracheoid-like endotegmen cells (mesotegmen is almost 
dark and light brown color), with caruncle and the reticulate- completely obliterated). The parenchymatous testa is 
wrinkled surface (Fig. 5, 6а-6b). The embryo is large, axial, represented by papilliform cells of 1-row exotesta (with 
and well-differentiated into cotyledons, shoot apex and thickened outer cell walls), 2-4 row mesotesta (from the 
slightly curved hypocotyl-root axis. Cotyledons are equal in flattened cells) and large cells of 1-row endotesta (with 
length to the hypocotyl, with a pronounced palisade layer of slightly thickened tangential and internal anticlinal walls). In 
the mesophyll, systems of branched conductive bundles and the cell cavities of mesotesta and some exotesta cells, large 
lacticifers (Fig. 3, 5а, 5b). Shoot apex is represented by spherical crystal-like bodies are present (Fig. 5, 6d). These 
growing-point, and the root apical meristem is covered with a spherical bodies were identified earlier as spherocrystals 
multi-layered root cap. The endosperm is massive; its chalazal (Geltman et al., 2014) and are likely to represent the product of 
part is deeply embedded in the tissue of endopachychalaza and the crystallization of small spherical inclusions accumulating 
has a pronounced layer of epidermal cells with thickened in the mesotesta cells from the early stages of development 
walls. The cells of the embryo and endosperm are abundantly and agglutinating into larger masses when the seed ripens. 
filled with reserve nutritional substances (proteins, oils, Specialized structures of the micropylar and chalazal parts of 
starch). Seeds are exotegmic. Seed coat consists of 5-6- the  mature  seed are  represented by epis tase ,  
layered testa, a powerful layer of exotegmen (from the endopachychalaza (from the cells with thickened walls and 

  

 

Fig. 5. The seed coat development. 
1-4b - its structure at the stages of  proembryo (1), globular (2), heart-shaped (3), and torpedo-shaped (4a-4b) embryo (4b – fragment of  tracheid-like 
cells of the endotegmen with ring-like thickenings on the cell walls, enlarged); 5a – the structure of testa, differentiated into exso-, meso- and endotesta 
(stage of morphologically formed embryo; spherical bodies are visible in the exo-and mesotesta cells), 5b - the same cells when viewed in polarized 
light (visible refraction of spherical bodies - spherocrystals); 6a-6b - the external view of mature seed, 6c - the testa surface, 6d - spherocrystals in 
exotesta cells on its split  (enlarged). 1-5b - longitudinal sections, LM, 6a - vital microscopy, 6b-6d – SEM. ents - endotesta, exts - exotesta, mts - 
mesotesta, sphc – spherocrystals. The rest of designations are the same as in fig. 1 and 2. Scale: 1-5b –50, 6a-6b - 500, 6c - 200, 6d - 5 μm.
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filled with tannins) and operculum (sclerified cells of the inner 1983, Komar 1992, Kapil and Bhatnagar 1994, Tokuoka Tobe 
surface of exostome inside the caruncle) (Fig. 2, 5). 1995, Kamelina 2009). 

The development of E. lathyris seed has similar 
DISCUSSION

characteristics as recorded in the other Euphorbia species, but, 
As mentioned earlier, seed development in E. lathyris has at the same time, it shows certain specificity. First, that the 

not been adequately studied; however, some scattered ovules in E. lathyris are hemitropous rather than anatropous, 
information can be found only in the works of early authors. In as previously reported (Baillon 1858, Pax I887; see also other 
particular, Baillon (1858) gave one of the first descriptions of mentioned reports on comparative embryology and seeds 
E. lathyris seed development (and about a number of other anatomy of Euphorbiaceae). Exact analysis of the ovule 
species of the Euphorbiaceae). He reported the presence of position showed that its chalaza-micropylar axis is oriented at 
anatropous ovule with 2 integuments and obturator in this 35° angle to the placenta. Similar conclusion about the ovule 
species. Baillon (1858) has also observed that the seeds have type was made earlier for E. palustris L. (Titova et al. 2015) 
caruncle, well developed embryo (with a rudimentary cap on and E. virgata Waldst. et Kit. (Vinogradova 2017). And 
root apex) and oily endosperm. The seed coat has three layers - apparently, the hemitropous type of ovule appears to be a 
the outer one usually disintegrates. Later, these data were characteristic feature among Euphorbia species. Additional 
confirmed by Pax (1887), who, however, suggested that the confirmation of this fact is that, in E. lathyris (as in E. 
caruncle and obturator are the same structure. Poisson (1878) palustris) further curving of the seed morphological axis takes 
revealed an earlier initiation of the inner integument in the E. place (the seeds afterwards becomes hemi-campylotropous, 
lathyris ovule, but its further lag in growth from the outer and then campylotropous). 
integument. Strasburger et al. (1910), using Baillon’s (1858) Second, analysis of the inner integument structure in E. 
illustrations, supplemented these characteristics and noted the lathyris ovule at different developmental stages showed that 
presence of a well-developed nucellus with a pronounced during the progamous phase its thickness increases almost 
nucellar beak in E. lathyris ovule. Nucellar beak interacts with twofold - from 7-8 to 15 layers (mainly due to periclinal
long obturator cells and, in the author’s opinion, it is necessary divisions in the inner epidermis cell). An increase in the inner 
for nutrition and directional growth of the pollen tubes into the integument thickness after fertilization was noted in the  other 
micropyle. Modilewski (1911) reported about the normal subgenus Esula, of the genus Euphorbia species, for example, 
(monosporic Polygonum) type of embryo sac development in E. helioscopia L. (Singh 1969) and E. palustris (Titova et al. 
and presence of a nuclear endosperm in E. lathyris. Mandl 2015). Tokuoka and Tobe (2002) noted that the possibility of 
(1926) revealed the presence of 4 layers of the seed coat in the the integumental thickness increase during the seed 
mature seed of E. lathyris. First, is a layer of papillary cells of development and identified this feature as one of 
the outer epidermis (with thickened outer walls and pigmented systematically significant for the taxonomy of the Euphorbia. 
contents). Second, is a layer of prismatic cells. Third, is a According to these authors, inner integument of the listed 
palisade layer from the long cells-sclereids (with thickened species can be considered quite massive (more than 8 cells in 
cell walls). Mandl (1926) has also observed that the below the thickness). However, due to the fact that this feature is not 
lowest layer of the nucellar cells, the layers of endosperm cells  always taken into account by other researchers, and because of 
containing proteins and oils are present. the small number of Euphorbia species studied in this respect, 

In our study, we substantially supplemented the features it is not possible to assess the degree of their heterogeneity of 
of E. lathyris seed development, as well as the embryological this feature.
characteristics of the genus Euphorbia as a whole. According Among the important features of integument 
to most of the reviews on comparative embryology and development in E. lathyris are that tegmen differentiates into 
anatomy of seeds, species of the Euphorbia are characterized exo- meso- and endotegmen, and testa - into exo-, meso-, and 
by the presence of anatropous, bitegmic, crassinucellate endotesta. Exotegmen is characterized by regular lengthening 
ovules (with a short funiculus and placental obturator), of the macrosclereid-cells (longer in some parts of the 
multilayered beak-like nucellus structure (parietal tissue and a surface), and endotegmen – by specialization of its cells into 
nucellar cap) and relatively thin integuments (forming a tracheid-like cell; the intermediated cells of mesotegmen 
zigzag micropyle after fertilization). All species have during the development mostly obliterate. Testa is 
exotegmic seeds with caruncle, well-developed embryo and characterized by regular increase of the number of its layers - 
endosperm (with abundant reserve substances); up to 5-6, mainly due to additional periclinal cell divisions of 
endospermogenesis is nuclear type; pachychalaza has not mesotesta in some parts of seeds; all layers persist in the 
been detected in any of the taxa. The caruncle appears after mature seed. These changes in the testa and tegmen cells 
fertilization due to the growth of the apical part of the outer (along with the formation of papillary-like exotesta) create a 
integument (Corner 1976, Batygina and Kolesova (Titova) species-specific reticular-wrinkled seed surface sculpture of 
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E. lathyris. Additonally, there are specific spherical bodies in Finally, it should also be emphasized that the question 
about morphological nature of the specific cells in the raphe the mesotesta and some exotesta cells termed spherocrystals 
conductive bundle endings penetrating the hypostase and the (Geltman et al. 2014). All the features listed above, 
base of the tegmen (along with the elements of xylem) as well significantly supplement information on the characteristics of 
as the tissue of the podium (but without xylem), requires the seed coat structure in E. lathyris, previously given by 
further refinements. Potentially, they may be phloem or even Mandl (1926). Cells similar in structure to tracheid-like 
lacticifer cells (as suggested earlier for E. palustris by Titova endotegmen cells in E. lathyris were also found in the seed 
et al. (2015). The nature of special spherical inclusions coat of mature seeds as in some other species of the 
accumulating in the cells of different seed structures (parietal Euphorbiaceae, in particular, in the outer layer of the nucellus 
tissue, nucellus podium, endotegmen, testa) is of great rests in Sapium sebiferum (L.) Roxb. (Mandl 1926), 
interest. Their appearance in each structure clearly correlates endotegmen in E. dentata Michx., E. marginata Pursh 
with certain stages of penetration of the conducting bundle (“striated cells”, Landes, 1946) and E. palustris (“hydrocytic 
endings in them (together with their specific cell). This cells”, Titova et al. 2015).
correlation may indicate the importance of these spherical Third, despite the fact that endospermogenesis in E. 
inclusions as metabolic products delivered to the developing lathyris is of nuclear type (as well as in the other species of the 
seed via its conductive system. It is characteristic that the Euphorbia), we have demonstrated the signs of haustorial 
spherical bodies in most seed structures in E. lathyris activity at its chalazal end. These signs include: delay of the 
disappear during their development and building. However, cellularization process and occurrence of larger nuclei in this 
small spherical bodies accumulate in the cells of testa at late part of endosperm, its characteristic bubble shape and deep 
seed developmental stages, later on, transform into penetration into the podium and chalaza tissues at later 
spherocrystals. In addition, the process of crystallization of developmental stages. The similar behavior of the endosperm 
spherical inclusions is accompanied by the acquisition of chalazal part was also revealed in E. palustris (Titova et al. 
double refraction properties and their agglutination into larger 2015) and had not previously been observed in any other 
bodies. Many other Euphorbia species from the subgenus species of the Euphorbia.
Esula not only abundantly accumulate spherocrystals in testa, Fourth, one of the distinctive features of the seed 
but also excrete them on their surface through intercellular development in E. lathyris is the formation of massive 
spaces (Geltman et al. 2014). The assessment of the chalaza. According to the criteria listed above (massiveness, 
mentioned questions, as well as the explanation of the function deep penetration in the endosperm, shorter length of the 
of tracheid-like endotegmen cells in the E. lathyris seeds, are tegmen from the side of the nucellus, formation of a specific 
important for understanding the functional aspects of its “post-chalazal branching”) this structure should be defined as 
formation and germination. In particular, the spherocrystals in 

tegmic pachychalaza (in the terms of Corner 1976), or 
the seeds of E. lathyris can represent certain redundant 

endopachychalaza (Boesewinkel and Bouman 1984). At the 
products of their metabolism required for morphogenic 

same time, the presence of the cell insertions below the 
processes. In this species, the endotegmen cells similar to 

nucellus and tegmen base and proliferation of its cells, leading 
tracheids are present in the conductive bundle of raphe, which 

to a shortening of the tegmen length from the side of the 
help in the swelling of the seed at the time of germination.

nucellus, confirms the opinion of Shamrov (2008) about the 
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