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A B S T R A C T
The development of  the seed-cones of  Taxus canadensis was studied. Aril is multi-
laye red. The seed coat is multi-layered, its structure changes during development. 
Ini tially, it consists of  33–35 layers of  cells, and by the time of  maturation they are 
reduced to 10 layers. A marker sign of  changes of  seed-cones structure is the ap-
pearance of  an aril from under the scales. At this time, there is an active thicke ning 
of  the cuticle of  the epidermic cells of  the seed, sclerenchymatization of  zone I 
of  meso testa cells and obliteration of  zone II, differentiation of  cells in the chalaza 
area. The nucellus is reduced, the endosperm and embryo grow, and oil droplets ap-
pear in the cells of  the endosperm. A week later, even greater differentiation of  cells 
in the chalaza area starts and a rapid growth of  the aril is observed during the week.
Keywords: yew, seed-cone, development, aril, seed, morphology-anatomical structure

Р Е З Ю М Е
Трусов Н.А. Развитие фруктификаций у Taxus canadensis в культу ре 
(Глав ный ботанический сад им. Н.Н. Цицина РАН, Москва, Россия). 
Исследовано развитие фруктификаций у Taxus canadensis. Ариллус много
слой ный. Семенная кожура многослойная, ее строение меняется в процессе 
развития. Изначально она состоит из 33–35 слоев клеток, а к моменту со
зре вания редуцируется до 10 слоев. Маркерным признаком изменений стро
ения фруктификаций является появление ариллуса изпод чешуй. В это 
время активно идет утолщение кутикулы клеток эпидермы семени, скле рен
хи матизация зоны I клеток мезотесты и облитерирование зоны II, диф фе
ренциация клеток в области халазы, редуцируется нуцеллус, разрастаются эн-
досперм и зародыш, в клетках эндосперма появляются жировые включения. 
Через неделю, в течение недели, происходит еще большая диф фе ренциация 
клеток в области халазы и наблюдается стремительное раз растание ариллуса.
Ключевые слова: тис, фруктификация, развитие, ариллус, семя, морфологоана-
томическое строение
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The yew family (Taxaceae Gray) for a long time attracted 
the attention of  researchers. Their seed-cones are especially 
in te resting. The most studied is the genus Taxus L., which 
in cludes 9 species and 2 interspecies hybrids (Germplasm 
Re sources Information Network). The structure of  mature 
seeds and their fleshy appendages of  some yew species 
have been well investigated. There are fragmentary studies 
con cer ning the development of  seed-cones, but most of  
them are either devoted to the morphology of  seed-cones, 
or aimed at studying the anatomical structure of  the shoot 
sys tem adjacent to the ovule and the ovules. (Dupler 1920, 
Di Fazio 1996, Spjut 2010). A comprehensive study of  the 
de ve lopment of  seeds and their fleshy appendages has not 
been carried out. This study is also relevant due to the fact 
that the causes of  the appearance of  fleshy structures in 
Gym no sperm cones have not yet been established and are 
of  interest to modern researchers (Nigris et al. 2021). At this 
time, as a result of  studying the development of  dry fruits, 
the seeds of  which have arils, the functions of  arils, and 
reasons for the appearance of  arils and their fixation in the 
process of  evolution were proposed (Trusov 2016, 2021).

Yew ovules are unitegmal. In mature seeds, exotesta 
con sists of  the epidermis and hypodermis, a mesotesta of  

scle ren chymal cells, and an endotesta of  parenchymal flat
te ned thin-walled cells (Bobrov 1997). According to Dupler 
(1920), the epidermis of  immature seeds include 5 zones: 
1) epidermis of  large papilliform cells with a thick cuticle; 
2) hypodermis of  large thick-walled cells with brownish-red 
content; 3) sub hy po dermal layer of  small radially elongated 
cells; 4) mult i-la yered zone of  small cells of  irregular shape, 
clo ser to the next zone, longitudinally elongated; in this 
zone, large sec re to ry cells and 2 vascular bundles were de-
scribed; 5) inner epi der mis of  elongated thick-walled cells 
with dark-colored contents. Dupler also pointed out that all 
cells, except for the cells of  the epidermis and hypodermis, 
subsequently become sclerenchymatous.

The fleshy structure around the yew seed is called aril. 
The origin of  this structure has been discussed previously by 
scientists. Dupler (1920) considered it a fleshy layer of  3la ye
red seed coat. At the end of  the 20th century, the pre vailing 
point of  view on the nature of  this structure was its fu ni cular 
origin, and, as a consequence, the legitimacy of  designating 
it as an aril (Shi & Wang 1989, Bobrov 1997, Melikyan & 
Bobrov 1997). Morphology-anatomical stu dies of  recent 
years, including teratological seed-cones of  Pseudo taxus chienii 
(W.C. Cheng) W.C. Cheng (Dörken et al. 2019), have shown 
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that the fleshy structures in Pseudotaxus W.C. Cheng and Taxus 
are fused, strongly swollen and fle shy scales. The discovery 
of  stomata in their epidermis (Dup ler 1920, Dörken et 
al. 2019) also indirectly confirms this. Modern molecular 
genetic studies prove that the fle shy structure surrounding 
the Taxus seed arils de novo, the B-sister gene responsible 
for the formation of  the fleshy struc ture in Ginkgo biloba 
L. is not involved in its growth (Lo vi setto et al. 2013). At 
the same time, it was shown that a number of  MADS-box 
genes responsible for the de ve lopment of  structures in 
Angiosperms involved in the growth of  the fleshy structure 
in T. baccata L., especially their expression is noticeable at late 
stages of  seed de ve lop ment (Lovisetto et al. 2012). Earlier, a 
number of  authors homologized the seed scales of  conifers, 
arils of  Ta xa ceae, Cephalotaxaceae Neger, Phyllocladus Rich. 
ex Mirb. and epimathiums of  Podocarpaceae Endl. (Sinnott 
1913, Florin 1954, Ehrendorfer et al. 1971, Muravyova & 
Borkh wardt 1978, Morvan 1983, Meijen 1987, Page 1990 – 
cited by Melikyan & Bobrov 1997). Some confusion is in-
tro duced by the work of  Spjut (1994), in which he con si ders 
the fleshy appendages around the yew seed to be a me ta
mor phosed megasporophyll, but at the same time attributes 
the fructification of  yew to a separate type of  "fruit" – "aril
lo carpium". Homologization is discussed but not ac cep ted 
by Melikyan & Bobrov (1997). The same article also notes 
that if  the fleshy structure surrounding the seeds of  Ta xa
ceae, Cephalotaxaceae, Phyllocladus is nevertheless ho mo-
logous to the seed scales, it is incorrect to call it "aril". In
deed, by definition, the aril is an appendage of  the funicle 
(Plan chon 1845, Serrato-Valentii et al. 1991, Melikyan & 
De vya tov 2001), or, if  we consider the aril, more broadly, 
ap pen dages of  the funicle and / or seed coat (Baillon 1876, 
Pijl 1982, Boesenwinkel & Bouman 1984). Thus, to base 
up mo dern morphology-anatomical and molecular-genetic 
data, to name the fleshy appendage around the yew seed as 
aril, is strict ly speaking incorrect. Due to the fact that an gio-
sperm carpels are megasporophylls, the appendage around 
yew seeds should rather be compared with a berry-type fruit 
or with an elaiosome, a fleshy appendage on fruits (Melikyan 
& Devyatov 2001). At least between the fle shy appendage of  
the yew and the fleshy fruit of  the ber ry, there is a parallelism. 
The mechanism associated with the expres sion of  certain 
genes of  the MADS-box and ca pable of  previously 
creating a fleshy diaspore in Gym no sperms also function 
in Angiosperms. At the same time, the term "aril" is firmly 
entrenched for this structure. Pro bab ly, for the appendage 
around the yew seeds, it is still ne ces sary to leave the term 
"aril", but with the assumption that it is a Gymnosperm aril 
or an aril of  scaly origin, not ho mo logous to an Angiosperm 
aril. In the future, the ter mi no logy should be revised to take 
into account the term "epi ma tium" – an additional outer 
shell of  representatives of  the Podocarpaceae and related 
families (Melikyan & Devyatov 2001).

According to the literature, the yew’s arils are laid in the 
form of  a ring under the scales approximately at the time of  
pollination of  the ovule. In the early stages of  development, 
it is a greenish saucer-shaped structure that grows slowly. Af-
ter the seed coat is hard, the aril grows quickly and becomes 
cup ped and red in color (Dupler 1920, Bierhorst 1971, Di-

Fazio 1996). Aril consists of  an epidermis and a multi-laye-
red parenchyma. Epidermal cells are small, pigmented. The 
parenchyma cells are large, thin-walled, extended radially 
and obliquely upward (Dupler 1920). The stomata are lon-
gi tu dinally oriented in the epidermis (Dupler 1920). It is 
no ted that the state of  the aril can be an indicator of  seed 
viability; seeds with an underdeveloped aril have low ger mi-
nation (Heit 1969, DiFazio 1996). At the same time, un even 
ripening of  fructification was found in yews, in par ti cu lar, in 
T. brevifolia Nutt. (DiFazio 1996). Due to the bright co lo ra tion 
of  arils, yew seeds are spread by birds and mam mals (mice, 
squirrels, chipmunks, badgers, foxes) (Susz ka 1975, Smal & 
Fairley 1980, Tittensor 1980, Howe & West ley 1986, DiFazio 
1996). Arils of  yews are traditionally eaten in dif fe rent coun-
tries. In Indian traditional medicine, they are used as a tonic, 
gastric and expectorant (Kuzmina & Fokina 1996).

The aim of  this research was to study the development 
of  yew's seed-cones using the example of  T. canadensis Mar-
shall. The main attention was paid to the morphology-ana-
to mical changes occurring in the seeds and arils, and their 
relationship.

M A T E R I A L  A N D  M E T H O D S
The morphology-anatomical structure of  the seed-cones 

of  T. canadensis in development was studied. The seed-cones 
were collected in the arboretum of  the Tsytsin Main Bo ta-
nical Garden of  Russian Academy of  Sciences with a weekly 
interval from the third decade of  May to mid-July (8 terms). 
The material was fixed in 70 % ethanol. The seedcones 
sections of  different orientations were per for med ma nually 
using a razor blade. The water and glycerin pre parations 
made from them were studied. A Biolam mic ro scope was 
used in the work. Photos were taken a Canon EOS 650 D.

R E S U L T S
Term I. Third decade of  May (Fig. 1A)
The seed's size is about 5.2 × 3.7 mm. The scales cover the 
seed by 3/4. Aril is a small collar-like enlargement in the 
cha laza area, not visible from under the scales (Figs 2A–A2).
Aril is multi-layered (Fig. 2A3). The epidermis on a lon gi-
tu dinal section is represented by tabular cells, 0.0175–0.025 
× 0.0175–0.025 mm. Between the two layers of  the epi-
der mis, there is a multi-layered parenchyma that makes up 
most of  the aril. Parenchyma cells on a longitudinal sec tion 
are polygonal, 0.015–0.025 × 0.015–0.025 mm. The inter-
cel lular spaces are absent, the cells are densely packed.
The seed coat consists of  33–35 cell layers (Fig. 2A4). Exo-
testa is two-layer, represented by epidermis and hypodermis. 
Epi dermal cells are tabular, with a convex outer cell wall. 
The cell walls are thickened; about 0.0125 × 0.0125 mm, the 
con tents of  the cells are bright. The hypodermis is single-
laye red, from cells slightly radially elongated or tabular on a 
cross section, with thin cell walls and bright content, about 
0.0188 × 0.0125–0.0188 mm. The intercellular spaces are 
im per ceptible. Mesotesta is represented by two zones. Zone 
of  the cells with dark content (zone I) from 8 layers. The 
cells are densely arranged, round, densely plasmatic, thin-
wal led, about 0.00375 × 0.00375 mm, not elongated along 
the seed axis. The zone of  the cells with bright content 
(zone II) from 20–22 layers of  thin-walled polygonal cells, 
0.005–0.01 × 0.005–0.01 mm. The cells of  two layers 
adjacent to the endo testa with dark contents, small, about 
0.0025 × 0.0025 mm. In this zone, closer to the zone I, 2 
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vas cular bundles are located. Endotesta from one layer of  
ta bu lar cells, about 0.004 × 0.004 mm.
Nucellus multi-layered, from 3 zones. Outside there are 
4–5 layers of  dark-colored small rounded cells, about 0.005 
× 0.005 mm, outwardly similar to the two inner layers of  
the mesotesta. The main thickness of  nucellus is 10–12 la-
yers of  polygonal cells with light content and thickened cell 
walls, about 0.0087 × 0.0125 mm. To the inside of  them is a 
layer of  radially flattened cells with thickened yellowish cell 
walls, about 0.005 × 0.0125 mm (Fig. 2A4).
Endosperm. On the periphery, 1 layer of  densely plas mic 
rounded cells is about 0.004 × 0.004 mm. The cells of  
the re mai ning layers are polygonal 0.006–0.012 × 0.006–
0.012 mm. In the center, densely plasmic, rounded cells, 
about 0.006 × 0.006 mm. All endosperm cells with visible 
nu clei (Fig. 2A4).

Term II. The beginning of  June (Fig. 1B)
The seed's size is about 5.4 × 3.9 mm. The scales cover the 
seed by 2/3. Aril is a small collar-like enlargement in the 
chalaza area, not visible from under the scales (Figs 2B–B2).
Aril is multi-layered (Fig. 2B3). The epidermis on a lon gi-
tudinal section is represented by tabular cells, 0.0175–0.025 
× 0.0175–0.025 mm. Between the two layers of  the epi-
der mis, there is a multi-layered parenchyma that makes up 
most of  the aril. Parenchyma cells on a longitudinal sec tion 
are polygonal, 0.015–0.025 × 0.015–0.025 mm. The inter-
cellular spaces are absent, the cells are densely packed.
The seed coat consists of  33–35 cell layers (Fig. 2B4). Exo-
testa is two-layer, represented by epidermis and hypo der-
mis. Epidermal cells are elongated radially, with a convex 
outer cell wall. The cell walls are thickened; about 0.0188 
× 0.0125 mm, the contents are bright. The hypodermis is 
single-layered, from radially elongated or tabular cells on 
a cross section, with thin cell walls and bright content, 
0.0188–0.021 × 0.0088–0.0125 mm. The intercellular spaces 
are im per cep tible. Mesotesta is represented by two zones. 
Zone of  the cells with dark content (zone I) from 8 layers. 
The cells are densely arranged, round, densely plasmatic, 
thin-wal led, about 0.00375 × 0.00375 mm, not elongated 
along the seed axis. Zone of  the cells with bright content 
(zone II) of  20–22 layers of  thin-walled polygonal cells, 
0.005-0.01 × 0.005-0.01 mm. Cells of  two layers ad ja cent 
to the endotesta with dark contents, small, about 0.0025 
× 0.0025 mm. In this zone, closer to the zone of  the cells 

with dark content, 2 vascular bundles are located. Endo tes-
ta from one layer of  tabular cells, about 0.004 × 0.004 mm.

The structure of  nucellus and endosperm did not change.

Term III. End of  the first decade of  June (Fig. 1C)

The seed's size is about 6.9 × 4.4 mm. The scales cover 
the seed by 1/3. Aril is a small collar-like enlargement in 
the cha la za region, not visible, located flush with the scales 
(Figs 2C–C2).

Aril is multi-layered (Fig. 2C3). The epidermis on a lon gi-
tu dinal section is represented by tabular cells, 0.0188–0.025 
× 0.0175-0.025 mm. Between the two layers of  the epi-
dermis, there is a multi-layered parenchyma that makes up 
most of  the aril. Parenchyma cells on a longitudinal sec tion 
are polygonal, 0.0188–0.025 × 0.0188–0.025 mm. The in-
ter cellular spaces are absent, the cells are densely packed.

The seed coat consists of  33–35 cell layers (Fig. 2C4). Exo-
testa is two-layer, represented by epidermis and hypo der-
mis. The cells of  the epidermis are elongated radially, with 
a convex outer cell wall with a cuticle. The cell walls are 
thicke ned, 0.0188–0.025 × 0.0125–0.015 mm, the contents 
are bright. The hypodermis is single-layered, from radially 
elon gated or tabular cells on a cross section, with thin 
cell walls and bright content, 0.0188–0.021 × 0.0088–
0.0125 mm. The intercellular spaces are imperceptible. 
Meso tes ta is represented by two zones. Zone of  the cells 
with dark con tent (zone I) from 8 layers of  cells. The cells 
are den se ly arranged, round, densely plasmatic, thin-walled, 
about 0.00375 × 0.00375 mm, not elongated along the seed 
axis. Outer layer of  cells slightly elongated radially, about 
0.00625 × 0.00375 mm. Zone of  the cells with bright con-
tent (zone II) of  20–22 layers of  thin-walled polygonal cells, 
0.005–0.01 × 0.005–0.01 mm. Cells of  two layers adjacent 
to the endotesta with dark contents, small, about 0.0025 × 
0.0025 mm. In this zone, closer to the zone of  the cells with 
dark content, 2 vascular bundles are located. Endotesta 
from one layer of  tabular cells, about 0.004 × 0.004 mm.

The structure of  nucellus and endosperm did not change.

Term IV. Mid June (Fig. 1D)

The seed's size is about 7.1 × 4.7 mm. The scales cover 
the seed by 1/3. Aril protrudes slightly from the scales 
(Figs 2D–D2).

Figure 1 Development of  the Taxus canadensis seed-cones. A – term I; B – term II; C – term III; D – term IV; E – term V; F – term VI;  
G – term VII; H – term VIII (explanations are in the text)
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Aril is multi-layered (Fig. 2D3). The epidermis on a lon gi-
tu dinal section is represented by tabular cells with a thick 
cuticle (0.0088–0.0125 mm thick) extending to half  of  the 
radial cell walls. The cell sizes are 0.025–0.031 (with cuticle) 
× 0.025–0.031 mm. Between the two layers of  the epi der-
mis, there is a multi-layered parenchyma that makes up 
most of  the aril. Parenchyma cells on a longitudinal sec-
tion are polygonal, less often round, 0.025–0.0375 × 0.025–
0.0375 mm. The intercellular spaces are absent, the cells are 
densely packed.
The seed coat consists of  33–35 cell layers (Fig. 2D4). Exo-
testa is two-layer, represented by epidermis and hy po der-
mis. Epidermal cells are tabular, with a convex outer cell 
wall, with cuticles on the outer and radial walls (0.0025 mm 
thick). The cell walls are thickened, the size of  the cells is 
about 0.01 × 0.0125 mm, the contents of  the cells are bright. 
The hypodermis is single-layered, from ra dial ly elongated 
or tabular cells on a cross section, with thin cell walls and 
light contents, 0.015–0.01875 × 0.015–0.01875 mm. The 
intercellular spaces are imperceptible. Meso tes ta is re pre sen-
ted by two zones. A zone of  cells with thi ckened cell walls 
(sclereids) (zone I) of  8 layers. The cells are densely arranged, 
round, about 0.00625 × 0.00625 mm, not elongated along 
the seed axis. Outer layer of  slightly elon gated radially 
sclerenchymal cells, about 0.0125 × 0.00625 mm. Zone of  
the cells with bright content (zone II) of  20–22 layers of  
thin-walled polygonal cells, 0.005–0.0875 × 0.005–0.01 mm. 
The cells of  two layers adjacent to the endo tes ta with dark 
contents, small, about 0.0025 × 0.0025 mm. In this zone, 
closer to the zone of  the cells with dark contents, there are 
two vascular bundles. Endo tes ta from one layer of  tabular 
cells, about 0.004–0.005 × 0.004–0.005 mm.
The structure of  nucellus and endosperm did not change.

Term V. Third decade of  June (Fig. 1E)
The seed's size is about 7.8 × 4.7 mm. Scales at the base of  
the seed. Aril protrudes from the scales, covering the seed 
by 1/3 (Figs 2E–E2).
Aril is multi-layered (Fig. 2E3). The epidermis on a lon gi-
tudinal section is represented by tabular cells with a thick 
cuticle (0.0088–0.0125 mm thick), extending to half  of  the 
radial cell walls. The cells sizes are 0.025–0.031 (with cuticle) 
× 0.025–0.031 mm. From the side of  the seed, clo ser to the 
chalaza, "at the flexion", there are cells with a con vex outer 
cell wall (most likely due to the presence of  a "fle xion"). 
Between the two layers of  the epidermis, there is a multi-
layered parenchyma that makes up most of  the aril. Pa ren-
chy mal cells vary. The cells located closer to the epidermis 
are polygonal on a longitudinal section, less often round, 
0.031–0.05 × 0.031–0.05 mm, with visible nucleuses. The 
inter cel lular spaces are absent, the cells are densely packed. 
In the middle part of  the aril, the cells elongated along the 
seed axis and somewhat at an angle to it, are densely lo ca ted, 
0.0875–0.1375 × 0.0375–0.05 mm, also with visible nuclei.
The seed coat is composed of  23–25 cell layers (Fig. 2E4). 
Exotesta is two-layer, represented by epidermis and hypo-
der mis. Epidermal cells are tabular, with a convex outer cell 
wall, with cuticles on the outer and radial walls (0.005 mm 
thick). The cell walls are thickened, the cells size is 0.0125–
0.015 (with cuticle) × 0.0125–0.015 mm, the con tents are 
bright. The hypodermis is single-layered, from ra dial ly 
flattened or tabular cells on a cross section, with thin cell 
walls and dark contents, 0.0125 × 0.015–0.0188 mm. The 
intercellular spaces are imperceptible. Mesotesta from two 
cell zones. A zone of  cells with thickened cell walls (scle-
re ids) (zone I) of  8 layers. The cells are densely arran ged, 
round, about 0.0075 × 0.0075 mm, not elongated along the 
seed axis. Outer layer of  slightly elongated radially scle ren-

chy mal cells, about 0.0125 × 0.0075 mm. The zone of  the 
cells with bright content (zone II) of  12–14 layers of  thin-
walled po ly gonal cells, of  different sizes, 0.005–0.0088 × 
0.005–0.01 mm. The cells flatten radially and begin to ob
li te rate. Cells of  two layers adjacent to the endotesta with 
dark contents, small, about 0.0025 × 0.0025 mm. In this 
zone, closer to the zone of  the cells with dark contents, 
there are two vascular bundles. Endotesta from one layer of  
ta bu lar cells, 0.004–0.005 × 0.004–0.005 mm. In the chalaza 
zone, the contents of  the cells become dark.

Nucellus (residue) multi-layered, from 2 zones. Outside 
there are 4–5 layers of  dark-colored small rounded cells, 
about 0.0025 × 0.0025 mm, outwardly similar to the 2 inner 
la yers of  the mesotesta. Inside there is a layer of  radially 
flatte ned cells with thickened yellowish cell walls, about 
0.0063 × 0.025 mm.

Endosperm from large polygonal cells, about 0.0125 × 
0.015 mm, with small oil droplets.

Term VI. End of  June (Fig. 1F)

The seed's size is about 9.4 × 5.0 mm. Scales at the base of  
the seed. Aril is yellowish, protrudes from the scales, and 
co vers the seed by 1/3 (Figs 2F–F2).

Aril is multi-layered (Fig. 2F3). The epidermis on a lon gi-
tu dinal section is represented by tabular cells with a thick 
cu ticle (0.0088–0.0125 mm thick) extending to half  of  the 
radial cell walls. Cell sizes – 0.031–0.0375 (with cuticle) × 
0.025–0.0375 mm. From the side of  the seed, clo ser to 
the chalaza, "at the flexion", there are cells with a con vex 
outer cell wall (most likely due to the presence of  a "fle
xion"). Between the two layers of  the epidermis, there is a 
multi-layered parenchyma that makes up most of  the aril. 
Pa ren chy mal cells vary. Closer to the epidermis on the lon-
gi tu dinal section, polygonal, less often round, 0.0375–0.05 
× 0.0375–0.05 mm, with visible nuclei. The intercellular 
spaces are absent, the cells are densely packed. In the 
middle part of  the aril, the cells stretch along the seed axis 
and some what at an angle to it, are densely located, 0.0875–
0.1375 × 0.0375–0.05 mm, with visible nuclei.

The seed coat is composed of  20–22 cell layers (Fig. 2F4). 
Exotesta is two-layer, represented by epidermis and 
hypodermis. Epidermal cells are strongly flattened ra dial ly, 
with a slightly convex outer cell wall, with cuticles on the 
outer and radial walls (about 0.005 mm thick). The cell walls 
are thickened, the size of  the cells is about 0.0125 (with 
cu ticle) × 0.01875–0.03125 mm, the contents are bright. 
The hy po dermis is singlelayered, of  cells radially flattened 
on the cross section, with thin cell walls and dark contents, 
0.0125–0.0188 × 0.025–0.0313 mm. The intercellular 
spaces are imperceptible. Mesotesta from two cell zones. A 
zone of  cells with thickened cell walls (sclereids) (zone I) of  
8 layers. The cells are densely arranged. The cells of  the 4 
middle layers are polygonal, about 0.00875 × 0.00875 mm, 
not elongated along the seed axis. The cells of  the under-
lying layers are flattened radially. Outer layer of  slightly 
elon ga ted radially sclerenchymal cells, about 0.0125 × 
0.0085 mm. A zone of  cells with a bright content (zone II) 
of  10–12 layers of  thinwalled, radially flattened cells of  
dif fe rent sizes, up to 0.00875 × 0.0375 mm. Some of  the 
cells are ob li te rated. Cavities were found in places. Cells 
of  two layers with dark contents adjacent to the endotesta 
were not found, obliterated. Endotesta is not allocated.

Nucellus (residue) multi-layered, from 2 zones. Outside 
there are 4–5 layers of  dark-colored small rounded cells, 
about 0.0025 × 0.0025 mm. To the inside is a layer of  ra-
dial ly flattened cells with thickened yellowish cell walls, 
about 0.00625 × 0.025–0.0375 mm (Fig. 2F4).
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Endosperm from large polygonal cells, about 0.0125 × 
0.01875 mm, with small oil droplets (fig. 2F5).

Term VII. The first ten days of  July (Fig. 1G)

The seed's size is about 7.5 × 5.8 mm. Scales at the base of  
the seed. Aril is eumorphous. It surrounds the seed from 
the sides, exceeds it in height, but from above it stays open. 
The thickness of  the aril is about 3.8 mm (Figs 2G–G2).

Aril is multi-layered (Fig. 2G3). The epidermis on a lon-
gi tu dinal section is represented by radially flattened cells 
with a thick cuticle (0.0088–0.0125 mm thick) extending to 
half  of  the radial cell walls. Cell sizes about 0.0375 (with 
cuticle) × 0.05–0.0625 mm. Between the two layers of  the 
epi der mis, there is a multi-layered parenchyma that makes 
up most of  the aril. Parenchymal cells elongate per pen di cu-
lar to the seed axis and somewhat at an angle to it, 0.23–0.27 
× 0.1–0.17 mm, with visible nuclei. The intercellular spaces 
are absent, the cells are densely packed.

The seed coat is composed of  10 cell layers about 0.5 mm 
thick (Fig. 2G4). Exotesta is two-layer, represented by epi-
dermis and hypodermis. Epidermal cells are strongly ra-
dially flattened, with a slightly convex outer cell wall, with 
cuticles on the outer and radial walls (0.005 mm thick). 
The cell walls are thickened, 0.0125–0.0188 (with cu ticle) 
× 0.0188–-0.0313 mm, the contents are bright. The hy po-
der mis is singlelayered, of  cells radially flattened on a cross 
section, with thin cell walls and dark contents, 0.0125–0.0188 
× 0.0375–0.05 mm. The intercellular spaces are im per cep-
tible. Mesotesta from one remaining cell zone. A zone of  
cells with thickened cell walls (sclereids) (zone I) of  8 layers. 
The cells are densely arranged, the cells of  the 4 middle 
layers are polygonal, up to 0.0125 × 0.0125 mm in size, not 
elon gated along the seed axis. The cells of  the underlying 
la yers are flattened radially. Outer layer of  slightly elongated 
ra dially sclerenchymal cells, about 0.0125 × 0.0085 mm. The 
zone of  the cells with bright content (zone II) is obliterated. 
In the zone of  chalaza, cells differentiate into a layer of  cells 
with dark contents and several layers of  rounded bright 
cells, possibly sclerenchymatous.

Nucellus (residue) from one layer of  radially flattened cells 
with thickened yellowish-orange cell walls, about 0.0088 × 
0.056 mm (Fig. 2G4).

Endosperm from large polygonal cells, up to 0.0225 × 0.02 
mm, with small oil droplets (Fig. 2G5).

The embryo is vertical, about 3.8 × 0.08 mm. The cells 
are polygonal, thin-walled, with bright contents, elongated 
along the axis of  the embryo. The size of  the cells is 0.06–
0.095 × 0.025–0.0375 mm (Fig. 2G6).

Term VIII. Mid-July (Fig. 1H)

The seed's size is about 7.5 × 5.8 mm. Scales at the base of  the 
seed. Aril is eumorphous. It surrounds the seed from the sides, 
exceeds the seed in height, but from above it stays open. The 
thickness of  the aril is about 3.8 mm (Figs 2H–H1).

Aril is multilayered (Fig. 2H2). The epidermis on a lon gi tu
dinal section is represented by radially flattened cells with a 
thick cuticle (0.0088–0.0125 mm thick) extending to half  of  
the radial cell walls. Cell sizes about 0.0375 (with cuticle) × 
0.05–0.0625 mm. Between the two layers of  the epi der mis, 
there is a multi-layered parenchyma that makes up most 
of  the aril. Parenchymal cells are elongated per pen di cu lar 
to the seed axis and somewhat at an angle to it, 0.23–0.27 
× 0.1–0.17 mm, with visible nuclei. The intercellular spa-
ces are absent, the cells are densely packed. Aril has rare 
stomata. Guard cells about 0.0375 × 0.015 mm. The sto-
matal apparatus is anomocytic (Fig. 2H3).

The seed coat is composed of  10 cell layers (Fig. 2H4). 
Thick ness – 0.5 mm. Exotesta is two-layer, represented by 
epi der mis and hypodermis. Epidermal cells are strongly flat
te ned radially, with a slightly convex outer cell wall, with cu-
ticles on the outer and radial walls (about 0.005 mm thick), 
the cell walls are thickened. Cell sizes are 0.0125–0.0188 
(with cuticle) × 0.0188–0.0313 mm, the contents are bright. 
The hypodermis is singlelayered, of  cells radially flattened 
on a cross section, with thin cell walls and dark contents, 
0.0125–0.0188 × 0.0375–0.05 mm. The intercellular spaces 
are imperceptible. Mesotesta from one remaining cell zone. 
A zone of  cells with thickened cell walls (sclereids) (zone I) 
of  8 layers. The cells are densely arranged, the cells of  the 
4 middle layers are polygonal, up to 0.0125 × 0.0125 mm 
in size, not elongated along the seed axis. The cells of  the 
un der lying layers are flattened radially. The outer layer is 
com posed of  slightly radially elongated sclerenchymal cells, 
about 0.0125 × 0.0085 mm in size.
Nucellus (residue) from one layer of  radially flattened cells 
with thickened yellowish-orange cell walls, about 0.0088 × 
0.056 mm (Fig. 2H4).
Endosperm from large polygonal cells, up to 0.0225 × 0.02 
mm, with small oil droplets (Fig. 2H5).
The embryo is vertical, about 3.8 × 0.08 mm. The cells 
are po lygonal, thin-walled, with bright contents, elongated 
along the axis of  the embryo. The size of  the cells is 0.06–
0.095 × 0.025–0.0375 mm (Fig. 2H6).

D I S C U S S I O N
In this studt, at term I, the seed has a length of  about 

5.2 mm and a width of  about 3.7 mm, green, elliptical, 
slight ly flattened from the sides, with a convex micropyle 
(Figs 1A, 2A–A1). Upon reaching maturity, the length of  
the seed increases to about 7.5 mm, and the width to 5, 
8 mm. The color of  the mature seed is brown (Fig. 1H). 
At the beginning of  development, the seed is covered with 
greenish scales by 3/4, the aril in the form of  a small collar-
like thickening in the chalaza area, is not visible from un-
der the scales (Fig 2A2). In mid-June (term IV), the size 
of  the seed is about 7.1 × 4.7 mm, while it is covered with 
scales by 1/3, and the aril is greenish, slightly protruding 
from the scales (Figs 1D, 2D–D2). From the third decade 
of  June (term V) to the beginning of  July (term VI), the aril 
grows even more, covers the seed by 1/3, its color changes 
to yellowish (Figs 1F, 2F–F1). In this case, the scales are 
bent perpendicular to the axis of  the seed; they are only 
at its base. From the first ten days of  July (term VII), the 
aril grows strongly, thickens, looks fully formed (Figs 1G, 
2G–G1). It surrounds the seed from the sides, exceeding in 
height, but from above the seed stay open. The mature aril is 
about 3.8 mm thick. The growth pattern of  the seed and aril 
corresponds to that described in the literature. T. canadensis, 
as well as T. brevifolia, is characterized by uneven ripening 
of  seed-cones.

The seed coat is multi-layered, formed by one integument. 
Exo testa, mesotesta and endotesta are distinguished. At the 
first observation term (the third decade of  May), the seed 
coat consists of  33–35 layers of  cells and has a thickness of  
about 0.225 mm (Fig. 2A4), by the time of  maturation it is 
reduced to 10 layers of  cells and has a thickness of  about 
0.125 mm (Fig. 2H4). Exotesta throughout development is 
re pre sented by two layers of  cells: the epidermis and the un-
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derlying hypodermis. In the third decade of  May (term I), 
epidermal cells are tabular, with bright cellular content (Fig. 
2A4). The size of  the cells is about 0.0125 × 0.0125 mm. 
Already at the first observation term, the cell walls of  the 
epidermis are thickened, the outer cell wall is convex. At 
the beginning of  June (term II), the cells in crease in size, 
elongate radially (Fig. 2B4). At the end of  the first decade 
of  June (term III), the cells reach a size of  0.0188–0.025 × 
0.0125–0.015 mm, a cuticle appears on the outer cell wall 
(Fig. 2C4). In mid-June (term IV), the cells again become 
tabular, their size is about 0.01 × 0.0125 mm (Fig. 2D4). 
The cuticle thickens to 0.0025 mm and is pre sent on the 
outer and radial walls. Starting from the end of  June (term 
VI), epidermal cells flatten radially (Fig. 2F4). In a mature 
seed, they are strongly flattened radially, 0.0125–0.0188 × 
0.0188–0.0313 mm (Fig. 2H4). The cell walls are thickened, 
the outer cell wall is slightly convex, the cu ticle is on the 
outer and radial walls, and its thickness is about 0.005 mm. 
The hypodermis is singlelayered, at the first observation 
term from slightly radially elongated or ta bular cells on 
a cross section, densely located, with thin cell walls and 
bright contents. The size of  the cells is about 0.0188 × 
0.0125–0.0188 mm (Fig. 2A4). From the beginning (term 
II) to mid-June (term IV), the cells slightly increase in size 
(0.015–0.0188 × 0.015–0.0188 mm), retaining their outline 
(Fig. B4). Starting from the third decade of  June (term V) 
and before the maturation of  the seed, the cells of  the 
hypodermis flatten radially (about 0.0125 × 0.0150.0188), 
their contents acquire a dark color (Fig. 2E4). In a mature 
seed, the cells of  the hypodermis have dimensions of  
0.0125–0.0188 × 0.0375–0.05 mm, their cell walls are thin, 
and the contents are darkcolored (Fig. 2H4). Mesotesta 
is multi-layered. At the beginning of  the development of  
seed-cone, it is represented by two zones of  cells: with dark-
colored content (zone I) and with bright content (zone II) 
(Fig. 2A4). Starting from the third decade of  June (term V), 
the cells of  the zone II begin to obliterate (Fig. 2E4); it is 
absent in the mature seed (Fig. 2H4). At the first ob ser vation 
term, the zone I consists of  8 layers. The cells on a cross 
section are densely arranged, rounded, densely plas ma tic, 
thin-walled. The cell size is about 0.00375 × 0.0038 mm. In 
the cross section, the cells are also rounded, not elon gated 
along the seed axis. At the end of  the first de cade of  June 
(term III), the cells of  the outer layer are elon gated radially, 
their size is about 0.0063 × 0.0038 mm (Fig. 2C4). Starting 
from mid-June (term IV), the cells in  crease in size 0.0063 × 
0.0063 mm (cells of  the outer layer – 0.0125 × 0.0063 mm) 
(Fig. 2D4). The thickening of  their cell walls begins, the 
cells are sclerenchymatized. The cells are densely arranged, 
the cells of  the 4 middle layers are polygonal, about 0.0088 
× 0.0088 mm, not elongated along the seed axis. The cells 
of  the underlying layers are flat te ned radially. Outer layer of  
slightly elongated radially scle ren chymal cells, about 0.0125 
× 0.0085 mm. At the end of  June (term VI), the cells of  the 
outer layer are slightly ra dial ly elongated (about 0.0125 × 
0.0085 mm), the cells of  the 4 middle layers are polygonal 
(about 0.0088 × 0.0088 mm), the cells of  the 3 underlying 
layers flattened radially (Fig. 2F4). In a mature seed, the 
same structure of  this meso testa zone is preserved. The 

cells of  the 4 inner layers are up to 0.0125 × up to 0.0125 
mm. The zone I at the first observation term consists of  
20–22 layers. The cells are thin-walled, polygonal, their size 
is 0.005–0.01 × 0.005–0.01 mm (Fig. 2H4). The cells of  
the two layers adjacent to the endotesta are different; they 
are small, about 0.0025 × 0.0025 mm, with dark contents. 
In the zone II, closer to the zone I, there are 2 vascular 
bundles on both sides of  the seed (Fig. 2A4). In the third 
decade of  June (term V), the number of  layers in the zone 
II is reduced to 12–14 (Fig. 2E4). Most of  the cells are thin-
walled, polygonal, of  dif fe rent sizes (0.005–0.0088 × 0.005–
0.01 mm), flattened radially, and begin to obliterate. At the 
end of  June (term VI), the number of  layers is reduced to 
10–12, cavities are found in places (Fig. 2F4). The cells are 
even more radially flattened, their sizes are different, up to 
0.0088 × up to 0.0375 mm, and some of  the cells are obli-
terated. Two layers of  cells with dark content adjacent to 
the endotesta were not detected. In the first decade of  July 
(term VII), the zone II is completely obliterated (Fig. 2G4). 
Endotesta from the beginning of  observation (term I) 
to the third decade of  June (term V) from one layer of  
tabular cells, their dimensions are 0.004–0.005 × 0.004–
0.005 mm. In early July (term VI), the endotesta is not de-
tec ted, it is obliterated (Fig. 2F4). In general, the structure 
of  the seed coat of  the studied T. canadensis corresponds 
to the description of  the seed coat of  the yew. The main 
difference is the absence of  endotesta in the mature seed 
(according to Dupler (1920) – the internal epidermis). 
Weekly observations have shown that the elongated cell 
layer is a derivative of  nucellus. In this case, the cells are 
thick-walled, but do not have dark-colored contents.

The nucellus in the third decade of  May (term I) is 
multi-layered, consists of  15–18 layers of  cells, which can 
be divided into 3 zones (Fig. 2A4). Outside there are 4–5 la-
yers of  small, rounded (about 0.005 × 0.005 mm) cells with 
dark-colored contents. Outwardly, they are similar to the 
two inner layers of  the mesotesta. The main thickness of  nu-
cellus is 10–12 layers of  polygonal cells with bright con tent 
and thickened cell walls, about 0.0087 × 0.0125 mm. The lo-
wer layer of  nucellus is made of  radially flattened cells with 
thicke ned yellowish cell walls, about 0.005 × 0.0125 mm. In 
the third decade of  June (term V), a significant reduction of  
nu cellus is observed (Fig. 2 E4). It has 5–6 layers, 2 zones. 
The outer 4–5 layers of  cells are preserved, and increased 
in size (about 0.0025 × 0.0025 mm) and the lower layer of  
cells, their size is about 0.00625 × 0.025 mm. In a mature 
seed, only the lower layer of  cells is preserved, while their 
size increases about 0.00875 × 0.056 mm (Fig. 2H4).

The endosperm is multilayered. At the first observation 
term, one layer of  densely plasmic rounded cells, about 
0.004 × 0.004 mm in size, stands out on the periphery of  
the endosperm (Fig. 2A4). The cells of  most of  the en-
do sperm are polygonal, their size is 0.006–0.012 × 0.006–
0.012 mm. In the center of  the endosperm there are den-
se ly plasmic rounded cells, about 0.006 × 0.006 mm in size. 
The cells of  all layers of  the endosperm with visible nu clei. 
Starting from the third decade of  June (term V), the en do-
sperm is not differentiated (Fig. 2E5). The cells are large, 
polygonal, about 0.0125 × 0.015 mm in size. There are 
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small oil droplets in the cells. In a mature seed, the size of  
the en do sperm cells increases to 0.0225 × 0.02 mm.

The embryo becomes visible from the beginning of  July 
(term VI). In a mature seed, it is vertical, oblong, about 3.8 × 
0.08 mm in size. The cells of  the embryo are elongated along 
the axis of  the embryo, polygonal, 0.06–0.095 × 0.025–
0.0375 mm, thinwalled, with bright content (Fig. 2H6).

Aril is multi-layered throughout its development. Vas-
cu lar bundles were not found in it. In the third decade of  
May (term I), the epidermis is represented by tabular cells 
mea suring 0.0175-0.025 × 0.0175-0.025 mm (Fig. 2A3). 
Most of  the aril is a multi-layered parenchyma located 
between two layers of  the epidermis. Parenchyma cells are 
polygonal, their size is 0.015–0.025 × 0.015–0.025 mm. The 
inter cellular spaces in the parenchyma are absent, the cells 
are densely located. Until mid-June (term IV), the aril cells 
increase in size, a cuticle appears on the outer cell wall of  
the epidermal cells, gradually thickening (fig. 2D4). In the 
third decade of  June (term V), aril slowly grows (Fig. 2E4). 
Epidermal cells are tabular, their size is 0.025–0.031 × 
0.025–0.031 mm. The cuticle is thick (0.0088–0.0125 mm 
thick), extending up to half  of  the radial cell walls. The cells 
of  the pa ren chy ma are different. The cells located closer to 
the epidermis are polygonal, less often round, densely lo ca-
ted, measuring 0.031–0.05 × 0.031–0.05 mm, with visible 
nuclei. In the middle part of  the aril, the cells elongate 
along the seed axis and somewhat at an angle to it. Their 
size is 0.0875–0.1375 × 0.0375–0.05 mm. They are located 
tightly, nucleuses are observed in the cells. At the beginning 
of  July (term VI), aril grows rapidly (Figs 2F1, F3). Mature 
aril (mid-July) is represented by epidermis and multi-layered 
parenchyma. Epidermis of  radially flattened cells with a 
thick cuticle (0.0088–0.0125 mm thick) extending to half  
of  the radial cell walls (Fig. 2H2). The size of  the cells is 
about 0.0375 × 0.05–0.0625 mm. Rare stomata are found 
in the epidermis (Fig. 2H3). The stomatal apparatus is ano
mo cytic. The cells of  the parenchyma are elongated per-
pen dicular to the seed axis and somewhat at an angle to it, 
densely arranged, their size is 0.23–0.27 × 0.1–0.17 mm, 
nuclei are observed in the cells. The structure of  the aril 
of  T. ca na densis is similar to that described in the literature.

C O N C L U S I O N
Thus, the growth of  the seed is observed before it ri-

pe ning. The structure of  the seed coat changes during the 
development of  the seed. The key point of  change is the 
third decade of  June. At this time, there is an active thi cke-
ning of  the cuticle of  epidermal (exotesta) cells, scle ren chy-
ma tization of  one zone of  the cells of  the mesotesta and 
ob li te ration of  another zone of  cells, differentiation of  cells 
in the chalaza area. At the same time, nucellus is reduced, 
the en do sperm and the embryo grow, and small oil droplets 
appear in the cells of  the endosperm. These changes in di-
cate that the supply of  nutrients to the seed coat stops, and 
their outflow to the endosperm and the embryo, as well as 
the aril, takes place. The protrusion of  aril from under the 
scales can be considered a marker of  these changes in the 
struc ture of  the seed. A week later, at the beginning of  July, 
du ring the week, a rapid growth of  the aril is observed. At 

this time, there is an even greater differentiation of  cells in 
the chalaza area. It can be assumed that nutrients are still 
supplied to the seed, but their transport to the seed is stop-
ped or severely restricted. These anatomical studies confirm 
the fact that seeds with underdeveloped arils are not viable.
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