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FRUIT STRUCTURE OF THE GENUS TORICELLIA DC. (TORICELLIACEAE)
AND ITS TAXONOMIC POSITION IN THE ORDER APIALES

E.Yu. Yembaturova', A.I. Konstantinova?
('RSAU-MTAA, *MSU named in honour of M.V. Lomonosov)

Abstract: The genus Toricellia DC. with 2 species — T. tiliifolia DC. and T. angulata Oliv.
- is represented by dioecious trees or shrubs with alternate exstipulate leaves and morphological
differences between male and female flowers. Its fruit (pyrenarium) is ovoid or obliquely ovoid,
crowned by a persistent calyx. Toricellia has 2—4-loculed yet I1-seeded pyrenaria, developed
from the inferior ovary (pseudomonocarpous fruits). Outer walls of sterile locules have rounded
openings. A very peculiar stone (“pyrene”) consists of two zones: the outer is very thick, consisting
of multilayered lignified sclereids, the inner is one-layered, fiber-formed, inconspicuous. Thus, in
species of Toricellia, the endocarp proper composes only the inner part of the pyrene, while the
outer part is made of mesocarp elements, so the “pyrene” is of combined mesoendocarpic origin.
The only seed is of the same shape as the locule — oblong and curved. Seed coat of a few cell layers.
Some features shared by Toricellia and other related genera (Aralidium Miq., Griselinia Forst.,
Melanophylla Baker) are discussed along with Toricellia’s possible taxonomic relations.

Key words: Toricellia, Toricelliaceae, fruit anatomy, pyrenaria, Apiales, Cornales, taxonomic
position

Introduction

The genus Toricellia DC. with 2 species — Toricellia tiliifolia DC. and T. angulata
Oliv. — is represented by dioecious trees or shrubs with alternate exstipulate leaves and
morphological differences between male and female flowers. The pentamerous flowers are
in lax axillary paniculate inflorescences. These plants’ distribution range is confined to
southeastern Asia, including Bhutan, China, northern India, Nepal and Sikkim; one of the
two species is endemic to China.

Toricellia, described and validated by A.P. de Candolle in late 1830, was named
after an Italian naturalist, physicist and mathematician Evangelista Torricelli. This peculiar
Chinese-Himalayan genus was attributed to the family Cornaceae by H. Harms in 1898 [4]
and W. Wangerin in 1910 [14] — they placed it in the tribe Toricellicac. However,
W. Wangerin pointed out marked morphological differences existing between the only
genus of this tribe and other 15 representatives of Cornaceae sensu Harms [4] (Cornus L.,
Nyssa L., Helwingia Willd., Aucuba Thunb., Garrya Douglas ex Lindl., Mastixia Blume,
etc.). Based on these differences (multi-celled glandular trichomes, specific hanging axillary
paniculate inflorescences, free stylodia, etc.), X.S. Hu was able to describe a new family
Toricelliaceae in 1934. Later, the advisability of this placement was confirmed by wood
and bark anatomy research by Adams [1] who noted relative primitiveness of Toricellia’s
characters treating the genus as a climax point of a long and independent evolutionary
line. Out of genera of Cornaceae sensu Harms (1898), Griselinia Forst. and Helwingia
were most often related to Toricellia, and some authors would remove Toricellia from
Cornaceae circle of affinity and relate it to Apiales. A.L. Takhtajan [9, 10] was convinced
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that Toricellia is even more distant from Cornales and related orders, therefore placing the
genus in the order of its own, Toricelliales, between Aralidiales and Araliales (Apiales).

The results of recent molecular research provided new insights into Toricellia’s
taxonomic position [2, 6]. Based on these data, currently the family Toricelliaceae is described
to include three genera — Toricellia, Melanophylla Baker (formerly a member of Cornaceae
sensu Harms and Melanophyllaceae within no longer existing order Hydrangeales) and
Aralidium Miq. (previously representing a family and an order of its own, Aralidiaceae and
Aralidiales, respectively).

Even though Harms’s concept of Cornaceae of 1898 [4] is now considered outdated
and more molecular-based classifications have been and are being proposed, the clear-cut
circumscription of the this circle of related or unrelated genera is still to be completed.
Therefore, for the purposes of convenience and methodology, hereinafter we are still going
to use “Cornaceae sensu Harms”, which is known to include 15 genera (Cornus, Aucuba,
Alangium Lam., Camptotheca Decne, Corokia A. Cunn., Curtisia Aiton, Davidia Baill.,
Helwingia, Garrya, Griselinia, Kaliphora Hook. f., Mastixia, Melanophylla, Nyssa and
Toricellia). We do acknowledge thought that this concept cannot be valid in the phylogenetic
sense.

As we can see from the above cited references, Toricellia has been studied well in
terms of its vegetative structure and molecular aspects, but very regretfully, fruit structure has
been omitted in these studies. However, it is broadly accepted that fruit structure (especially
fruit anatomy) is an important taxonomic marker because carpological traits are known to
be very constant and not much variable under the influence of environmental factors. Our
present work in fruit and seed structure of Toricellia and related genera is aimed at bridging
this gap and searching for traits of high taxonomic value that would be able to contribute to
the clarification of Toricellia’s status and position within flowering plants.

Materials and methods

For morphological and anatomical research, mature fruits of Toricellia tiliifolia and
T' angulata were used. The material was obtained from botanic gardens and carpological
collections of herbaria (carpological collection of Komarov Botanical Institute,
St. Petersburg, Russia (LE), Herbarium of Royal Botanic Gardens Edinburgh, UK (E).

Plant material was fixed in 70% ethyl alcohol and freehand transverse (cross) sections
were made. Dry fruits were previously rehydrated in Strassbourger mixture (water, glycerol
and 70% ethyl alcohol in equal proportions) at 50°C or boiled and cooled down repeatedly.
Further treatment of sections was performed according to traditional anatomical techniques
[5, 8] and included the following:

1. Phloroglucinol + HCI (concentrated) — test-reaction to reveal lignification;

2. 12 + KI — test-reaction for proteins and starch;

3. Sudan III (IV) — test- reaction for lipids (including cutin and suberin).

After test-reactions and staining, if needed, the sections were embedded in
glycerolgelatin and studied with the help of light microscope (Primo Star by Carl Zeiss).
Suitable sections were photographed and drawn.

Transverse fruit sections and surface ultrasculpture of Toricellia fruit was studied
at the Inter-department laboratory of electron microscopy of the Faculty of Biology, MSU
named in honour of M.V. Lomonosov, by means of scanning electron microscopes (SEM)
Hitachi S-405A and JSM-6380 LA. The plant material was prepared for SEM investigations
according to the techniques used in the Inter-department lab of MSU. SEM research was
documented by microphotographs.
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Results
Fruit morphology

Toricellia fruits are often referred to as drupes (or ‘drupaceous’) but this term is
imprecise as true drupes are only known to occur in the subfamily Prunoideae of the family
Rosaceae where the fruit develops from a single-carpelled apocarpous gynoeceum [7]. For
plants with syncarpous gynocea, just like the majority of Cornaceae sensu Harms, a more
suitable term “pyrenarium” is used (for a detailed substantiation of the terminology applied
to Cornaceae and related families as well as explanation of the crucial developmental
aspects of such fruits see works by E. Yu. Yembaturova and co-authors [15, 17]).

The fruits of Toricellia are small inferior pyrenaria, 5-8 mm in length and 4-5 mm in
diameter in dry condition; their shape is somewhat asymmetrical (flattened on one side and
bulging on the other. Two to three protruding projections (unrelated to vascular bundles)
are found on the bulging side. Dry fruits are black in colour; in natural conditions, a mature
fruit is dark purple [12]. The fruit’s single stone possesses 2 to 4 locules (triangle in cross
section) with only one of them being fertile and bearing a single seed capable of reaching
full maturity [12; original data].

Pericarp histology

At the first glance, the pericarp of Toricellia is very simple in structure (Figure 1B,
2B), but since the fruit develops from the inferior ovary, five histological zones can be
distinguished in it:

1. Exocarp is represented by the epiderm (originating from the outer hypanthial
epiderm) and subepidermal underlying tissue. The pigment determining the fruit colour is
localized in exocarp cells.

2. Parenchymous mesocarp of tissues of hypanthial origin.

3. Parenchymous mesocarp of outer carpellary tissues with vascular bundles and
their derivatives.

4. Stone, or pyrene, made of supporting tissue (sclereids).

5. Endocarp proper — the inner layer of fibers (different from the sclereids) derived
from the inner carpellary epiderm. The endocarp is an integral part of the stone.

The border between the hypanthial and the carpellary zone of the fruit wall is
quite pronounced: the former consists of larger cells whereas the latter is in general
made of minute, often compress cells that partially obliterate in the mature fruit
(T. tiliifolia). Vascular bundles derivatives form one or two circles. They tend to be lo-
cated towards the inner part of the fleshy mesocarp of carpellary origin. The above men-
tioned projections appear to be formed out of all tissues present in the fleshy part of the
pericarp. In total, the fleshy part of the pericarp (of exomesocarpic origin) is constituted
by 6 to 10 cell layers.

The stone in most studied specimens is composed of 10 to 12 layers of well-lignified
sclerenchymous elements (of rounded or irregular shape in cross section) with moderately
thickened walls (Figure 1D, 2D) while the endocarp proper is not very conspicuous but
nevertheless present; fibers in its structure are readily distinguishable from other sclereids
of the pyrene (Figure 1C, 2C); their walls are canaliculated. No secretory structures were
found in mature fruits of 7. tiliifolia The pericarp histology of both studied species is found
to be very similar.

As far as the fruit surface ultrasculpture (Figure 1A, 2A) is concerned, the primary
sculpture is flattened, showing rhombic or trapeziform outlines of epidermal cells. The
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Fig. 1. Fruit structure of T. tilifolia (SEM photographs): A — fruit surface, x150;
B — fruit cross section, x25; C — pyrene structure: endocarp fibers and mesocarp
sclereids, x70; D — sclereid-like lignified elements of mesocarpic origin

cuticle is slightly plicate. A few stomata or sparse thin simple trichomes can be observed.
Very few globoid or differently shaped granules of epicuticular wax are seen on the fruit
surface (Figure 1A, 2A).

Seed structure

The seed structure in Toricellia has been described previously [12]. The seed
develops from a single ovule hanging down from the top of the fertile locule. Its short
funiculus possesses an outgrowth. At maturity, the seed can easily be removed from the
locule. According to our observations, in certain parts of the fertile locule wall, the stone
is not fully continuous and apparently, the seed simply falls out of the stone when full
maturity is reached and the outer fleshy tissues are destroyed. This peculiar trait has not
been observed in any representatives of Cornales or Apiales studied to date.

The seed coat is rather thin and filmy however, it is much more pronounced than
in representatives of Cornaceae and related families with thick bony endocarps (Cornus,
Alangium, Nyssa, etc.) due to the correlation between the endocarp and seed coat thickness
characteristic to fleshy drupaceous fruits [13].

Discussion

As shown by our investigation, fruit structure of Toricellia is very peculiar and differs
greatly from that of most other Apiales or Cornales genera studied previously. The most
striking features are: quite thin fleshy part of the pericarp (exocarp and part of mesocarp)
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Fig. 2. Fruit structure of T. angulata (SEM photographs): A — fruit surface, x150;
B —fruit cross section through the middle part, x25; C — pyrene structure: endocarp
fibers and mesocarp sclereids, x70; D — lignified elements of mesocarpic origin

and a four-loculed pyrene of relatively thin-walled and moderately lignified (in comparison
to most other Cornaceae sensu Harms) sclereids. In the pyrene, only one locule is fertile
and seed-bearing, but the other two or three sterile locules retain their shape and do not
compress. Moreover, it was interesting to observe almost discontinuous structure of the
stone wall which could allow the seed to literarily fall out of it.

Pyrene structure. The majority of Cornaceae sensu Harms (except Curtisia,
Kaliphora and Helwingia [17]) are known to possess pseudomonomerous pyrenaria (with
only one of two or more locules and seeds reaching full development). In many genera,
(Cornus and its segregates, Nyssa, Corokia, Davidia) all locules besides the fertile one are
markedly compressed. However, there are some taxa in this circle of affinity where sterile
locules retain their shape and size. One of them is Melanophylla, in which the seed-bearing
locule is the smallest of three, two other ones being large and somewhat inflated [11]. Just
like in Toricellia, the seed of Melanophylla copies the shape of the locule. It is known to
have copious endosperm and a tiny embryo, differently from Toricellia, where the embryo
is much bigger in size. Another feature shared by the two discussed genera is the relatively
small thickness of the pyrene wall.

Discontinuous pyrene. The opening (or discontinuity) in the wall of the fertile locule,
noted in Toricellia, is seemingly a peculiar trait not found in any studied representatives,
related to Toricellia now or before. One must note though that openings, more or less
rounded in shape, have been reported by R. Eyde [3] in the walls of sterile locules.
According to this botanist, the germination in Toricellia occurs by means of a triangle
valve. Almost discontinuous pyrene (however, much bigger in thickness) was observed in
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Kaliphora [16], which was closely related to Melanophylla within Hydrangeales [11] in the
past. Similar traits (locules discontinuous from outside) have been revealed in a saniculoid
genus Petagnaea Caruel [A.l. Konstantinova, unpublished data].

Fleshy part of the pericarp. Even though in Toricellia’s supposed relatives by
Cornales (Cornus, Alangium, Nyssa, Curtisia, Mastixia, Corokia, etc.) the fleshy zone
of the fruit wall is always very well-developed, there are some representatives in which
the reduction of this part has been noted. More distinctively this trend of exomesocarp
reduction, together with more pronounced histological zonality and distinct specialization
of the zones, is observed in more specialized fruits of Apiales.

The absence of secretory structures in the mature pericarp points out Toricellia's
difference from Apiales, where they are present in abundance. However, they have not been
found in mature fruits of Helwingia, Aralidium, Kaliphora and Griselinia.

All carpological traits taken together suggest comparing the studied genus with yet
another representative of Cornaceae sensu Harms — Griselinia. These plants have many
features in common, e.g., they both tend towards pyrene reduction in thickness and the
degree of cell wall lignification of sclereid-like elements (Figure 1D). Both of them have
rather uniform structure of the fleshy exomesocarp, where no secretory canals are found at
maturity and derivatives of vascular bundles can be seen and help to identify the borderline
between the carpellary and hypanthial zones of the fruit wall. However, differences are
present, too — most importantly, in Toricellia all three or four locules are well-developed in
the stone whereas in Griselinia only one of them is pronounced and obviously dominating.
G. scandens Taub. is known to possess sclereids in the fleshy part of the pericarp — this
feature is common for many Cornales but not found in Toricellia. The seed of Griselinia
is bigger in size and the embryo develops to a much more advanced stage. The seed coat
structure is similar in both of the discussed genera, but it seems thicker and less compressed
in Griselinia, suggesting a parenchotestal type of the seed in the genus.

Apart from carpological traits, there is a biochemical feature shared by Griselinia
and Toricellia. Both of them have been reported to accumulate an iridoid compound

Comparative analysis of fruit structure traits in Toricellia and possibly related genera

Traits Toricellia Griselinia Aralidium Melan(i- Kaliphora Schefflera
phylla
Number of 3.4 1 1 23 2 From 2 to
locules many
Number of From 2 to
fully deve- many, seeds
1 1 1 1 2 may mature
loped seeds ;
er fruit only in some of
p the locules
Borderline Present: Poorly de-
between ’ fined, the Present,
. more pro- Present,
hypanthial . most pro- well seen
nounced in . well seen
and carpel- T anaulata nounced in
lary zone -ang G. jodinifolia
Secretory Absent Absent Absent Absent Usually well-
system developed
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Table — ending

Traits Toricellia Griselinia Aralidium A;’Zﬁ;? Kaliphora Schefflera
Present, in Present, in | Present, in clir:assc()gfefp)eih
Discontinuit the distal the proxi- | the proxi- the roxir¥1a|
y part of the None None mal part mal part pro. .
of the stone . . .. | part (inside), in
fruit (out- of the fruit | of the fruit .
. - A the distal part
side) (inside) (inside) or both
Present as A_bsent, Absent, Absent, ob-
. obliterated . literated or
a single L Present as obliterated R
Presence of laver of fib- | °" indistinct a laver of or indistinct indistinct in
endocarp (as yer ot in the mass ay ) the mass of
s ers lining obliterated in the mass
carpel’s in- of pyrene- pyrene-com-
. the pyrene . parenchy- of pyrene- -
ner epiderm) composing . posing fibers
made of : ma cells composing
. sclereids (G. ) (from several
sclereids . fibers
lucida) layers to one)
More or
Thin, non- less dif- | pin non-
e Thin, non- ferentiated e Thin, non-
Seed coat differenti- . . . differenti- . .
ated differentiated into exo-, ated differentiated
meso- and
endotesta
Pr'ese.nce'of Present Present Present
griselinoside

* Data on fruit structure of Melanophylla are taken from V.1. Trifonova’s paper [11].

griselinoside [3, 9]. This substance has also been found in Aralidium [9], which is united
with Toricellia within one family — Toricelliaceae according to one of the most recent
treatments of Apiales based on molecular research [2, 6].

Data on fruit structure in some of the above discussed genera, currently placed in or
related to Apiales are given in the Table. Schefflera J.R. Forst. & G. Forst. is shown here as
a typical and the most numerous representative of the order Apiales.

Conclusions

The genus Toricellia has demonstrated a unique combination of features that does not
give an immediate suggestion of its close relationship to any of the genera ever considered
as Toricellia’s possible relatives. The genera of its family, Aralidium and Melanophylla, do
share some traits with Toricellia however, still remaining rather different.

Our carpological investigation has revealed some interesting features, one of the
being the locules discontinuous from outside. A similar trait has been found in Grise-
linia, which has also been transferred from Cornales to Apiales, and a saniculoid genus
Petagnaea.

The absence of secretory structures in mature fruits of 7oricellia links it to Aralidium
and Griselinia. However, this carpological evidence is not in favour of Toricellia’s affin-

203



ity with Apiales as representatives of this order are known to have a variety of secretory
structures in their fruits.

An interesting peculiarity of Toricellia is the accumulation of griselinoside. This
iridoid compound is also found in Griselinia and Toricellia’s suggested family-mate Ara-
lidium. This peculiar trait, as well as the other above listed characters, definitely requires
further investigations.
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OCOBEHHOCTH CTPOEHUS IIJIOJIOB ITPEJCTABUTEJEMN
POIA TORICELLIA DC. (TORICELLIACEAE) U B3I'JIA1bI
HA ITOJIOXKEHUE TAKCOHA B CUCTEME ITOPAJIKA APIALES

E.JO. Em6aryposa', A.W. KoncranTunoBa’
('PTAY-MCXA umenn K.A. Tumupsizesa, *MI'Y umenu M.B. JlomoHocoBa)

Annomayus: npeocmasumenu pooa Toricellia DC.— T. tiliifolia DC. u T. angulata Oliv. —
08y00MHbIe 0epesbsl U KVCIMAPHUKU C 0YePeOHbIMU TUCMbAMU 6e3 NPUTUCIIHUKOS 1 OMAUYAIOWU-
MUCA NO MOPPOTO2UU MYHCCKUMU U dHceHCKuMU yeemkamu. 11noo0vt smux pacmenuil (nupenapuu)
HepasHoOOKue, AliyesuoHble Ul NOYMU WAPOSUOHble, HA 6EPXYUIKe C Heonaoarujell YauleyKol.
Omauyumenvuasn ocobennocmo Toricellia — pazeumue u3 HudcHell 3a6a3u niooa ¢ 2—4 enezoamiu,
MONLKO 00HO U3 KOMOPBLIX Hecem ceMs (nceB0OMOHOMEPHbLIL NI00). XapakmepHo Haluyue oKpy-
2TbIX OMEEPCMUll 8 HAPYHCHLIX CIMEHKAX CMepunbHbix eHe3d. B xocmouke («nupeney) paziuua-
10Mcsl 06 2UCMONI0ZUYECKUe 30HbL: HAPYIHCHASA, YACMO OYeHb MOWHAS, COCMOAWAs U3 CKiepeuo,
U c1abo BbIPANCEHHAS BHYMPEHHAS 30HA U3 00HO020 C1051 60110KOH. Takum obpaszom, y éudos Toricel-
lia cobcmeenno HOOKapnull COCMasnaem 1utib 6HYMpeHHIO Yacns NUPeHsl, Mo2oa KaxK HapyiCHAsL
00paszosana dnemMeHmami. Me30Kapnus, max 4mo npoUcXoxcoenue nupenvl Me30dHOOKaApnuiecKoe.
Eouncmeennoe cems nogmopsiem gopmy @pepmuiivHo2o eHe30a — npooon2osamoe i 6 pasHoli cme-
nenu coenymoe. Cnepmooepma manociounas. B cmamve obcysicoaromesn npusnaxu, ommeuentvle
y pooa Toricellia u coruscaemvix ¢ Hum pooos (Aralidium Miq., Griselinia Forst., Melanophylla
Baker), a maxowce 63214061 Ha cucmemamuueckoe nOI0MCEHUE USYHAeMO20 MAKCOHA.

Knroueswie cnosa: Toricellia, Toricelliaceae, anamomus nioda, nupenapuu, Apiales, Cor-
nales, cucmemamuyeckoe noaodIceHue.
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