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Abstract Structural aspects of the seeds of Serjania com-

munis Camb. and Urvillea ulmacea Kunth were described

aiming to increase the knowledge about these organs in

Sapindaceae. Ovules and seeds were collected at different

stages of development and morphological and anatomical

studies were performed according to standard techniques.

Ovules are anatropous, tending or bowing to campi-

lotropous, bitegmic, and pachychalazal; they also develop a

pachychalazal, bitegmic, exotestal, and exalbuminous seed.

Seeds are small, lenticular in S. communis and ellipsoid inU.

ulmacea, and become campilotropous by means of the

development of an invagination originating from the

meristematic activity on the rapheal region. The exotesta

consists of macrosclereids arranged in palisades. The other

layers of the testa and the tegmen collapse up. InU. ulmacea,

a cordiform aril is observed in the funicle and, as registered in

the literature, it is similar to that found in Serjania inflata

Poepp. & Endl. In other Serjania species there is no aril, but

these two genera are considered phylogenetically close by

many authors. Seed development in the studied species is

similar and resembles other species of Paullinieae. Our

results associated with those found in the literature seem to

reinforce the transitional character of seed structures

associated with fruit type in the tribe, as the reduction or

absence of aril in indehiscent fruit of Serjania. However,

seed ontogenetic studiesmust be extended tomore species so

as to allow reliable mapping of a larger number of charac-

teristics of seeds on tribe phylogenies.
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Introduction

SerjaniaMiller and Urvillea Kunth include around 230 and

16 species, respectively, of woody lianas; both are native to

tropical and subtropical regions of the New World (Ace-

vedo-Rodriguez 1993; Ferrucci 2006). The climbing habit,

the presence of stipules, modified peduncles like tendrils,

and nectariferous disc modified into four protrusive glands

place these genera inside Paullinieae (Acevedo-Rodriguez

1993; Ferrucci 2006). This tribe belongs to Clade X of

Sapindoideae, according to the phylogeny proposed by

Buerki et al. (2009), together with Thouinieae and Sapin-

dus oligophyllus Merr. & Chun. This clade is characterized

by zygomorphic flowers, petals with a prominent scale, a

unilateral disc, imparipinnate leaves, and the liana habit;

the development of tendrils and stipules constituting

synapomorphies for the group (Buerki et al. 2009).

Harrington et al. (2005) and Buerki et al. (2009) pointed

the tribe Paullinieae as a monophyletic group that includes,

besides Serjania and Urvillea, also Balsas Jiménez Ram. &

Vega, Cardiospermum L., Houssayanthus Hunz., Lophos-

tigma Radlk., and Paullinia L. Paullinieae is the largest

tribe of Sapindaceae (Sapindoideae) and comprises almost

a quarter of all species from that family (Coulleri et al.

2012). According to Harrington et al. (2005), there is

strong evidence for the monophyly of Cardiospermum,
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Paullinia, and Serjania¸ which is consistent with the

recognition of Paullinieae.

Phylogenetically, Urvillea is closely related to Car-

diospermum and its members are characterized by papery,

inflated capsules, and seeds that usually have a dry aril.

These two genera are distinguished from each other by the

presence of pericarpic wings in Urvillea, and their com-

plete absence in Cardiospermum (Urdampilleta et al. 2006;

Buerki et al. 2009). In the study of Buerki et al. (2009),

Serjania is related to Paullinia (BS 55) and the relationship

between these two genera with the clade that includes

Cardisopermum and Urvillea is strongly supported (BS

100).

Considering the circumscription of this family (Buerki

et al. 2009, 2010), ontogenic studies of seeds are scarce and

began to be important due to the taxonomic value of such

structures since the first delimitations, as highlighted in

Weckerle and Rutishauser (2005). Weckerle and Rutish-

auser (2005) pointed that in these studies the materials used

were from herbarium and for that reason they did not

analyze seminal characteristics in detail—including the aril

structure. Thus, it becomes difficult to use the states of this

character for phylogenetic discussions.

Among the classic studies describing the seed structure

of some genera of Sapindaceae, the works of Corner (1976)

and van der Pijl (1957, 1982) stand out, which did not

include Serjania and Urvillea, which is one of the justifi-

cations for doing this work. Albiero et al. (2001) described

the fruit and seed ontogenesis of Sapindus saponaria L.

With regard to the tribe, it is very important to point out the

works carried out by Milanez (1959), Mendonça et al.

(1992), Weckerle and Rutishauser (2005), and Polo (2006)

on morphology and ontogeny of Paullinia fruit and seeds.

Weckerle and Rutishauser (2005) described six Paullinia

species and three species of other genera—Serjania altis-

sima Radlk., Cardiospermum halicacabum L., and Urvillea

ulmacea Kunth. However, these descriptions did not

emphasize the development of the seed coat. It is important

to highlight here that there are few studies of detailed

seminal ontogeny in Sapindaceae, especially in Paullinieae.

The presence of fleshy structures in the seeds has long

been related with fruit dehiscence. In Sapindaceae, Corner

(1976) states that the aril appears as a primary character-

istic of capsular fruits (Alectryon Gaertn., Cupania L.,

Guioa Cav., Harpullia Roxb., and Paullinia). The aril is

absent in the genera related to these cited above or even in

species within those genera that have simplified and

papyraceous capsules, or has been lost in tribes with

indehiscent fruit such as Aphanieae, Lepisanthes, Melic-

occeae, Sapindeae, Schleichera, Thinouieae, and Thoui-

nieae. According to Corner, in Paullinieae, the three

situations seem to occur: Paullinia and Cardiospermum

with capsular dehiscent fruit have arillate seeds; Urvillea

with papyraceous consistency fruit has reduced aril; and in

Serjania which presents a schizocarpic fruit with three

samara-like mericarps, the aril is absent; whereas according

to Weckerle and Rutishauser (2005), in Serjania inflata

Poepp. & Endl. there is a reniform structure similar to the

aril of U. ulmacea. This aspect can be associated with that

discussed by Tanaka et al. (2014), who stated that the

presence of dorsal wings, lighter spongy tissue, inflated

loci, and the opening facilitated by the spongy tissue in

septa in U. ulmacea may represent a transitional state

between the samaroide mericarps to the schizocarpic fruit

of Serjania and the septifragal capsule of Cardiospermum.

According to Weckerle and Rutishauser (2005), all

studied Paullinieae species (except Serjania spp.) have

seeds with arils, like a necklace or white-lobed structure,

which is conspicuous and fleshy (Paullinia) or inconspic-

uous and dry (Cardiospermum and Urvillea). Polo (2006)

found that in Paullinia trigonia Vell. the outer integument

participates in the formation of fleshy structure in two

regions of the seed, at the basal portion of the raphe and in

the area near the micropyle, not evidencing any contribu-

tion of the funicle on the formation of the fleshy structure.

This fleshy structure was designated by the author as sar-

cotesta, and the term aril as it has been described for the

genus was not used.

Considering the importance of studies on the ontogeny

of reproductive organs in Sapindaceae, the divergence in

the structure present in seeds, such as the type of aril or

sarcotesta, the objective of this paper is to describe the

morphology and anatomy of seed development in Serjania

communis and Urvillea ulmacea and answer the question:

Is the seed structure associated with the transitional nature

of the fruit type (indehiscent schizocarpic fruit to dehiscent

capsule fruit) in the tribe?

Materials and methods

Sites for sampling S. communis and U. ulmacea (Sapin-

daceae) were located in urban forest remnants: Forest

Garden ‘‘Dr. Luiz Teixeira Mendes’’ (23�26001, 4700S and

51�57056, 2100W) and ‘‘Bosque dos Pioneiros’’ (23�26004,
3600S and 51�56033, 0400W), both in the Maringá City,

Paraná State, Brazil. Vouchers of the species were depos-

ited as a taxonomic document at the Maringá State

University Herbarium (HUEM), registered by the numbers

11.741 and 11.743, respectively.

Ovules and seeds at different developmental stages were

fixed in FAA 50 (Johansen 1940) and stored in 70 %

ethanol (Jensen 1962). The anatomical study was carried

out in sections of 8 lm thick at different planes using a

rotary microtome. Permanent slides were made with the

botanic pieces embedded in hydroxyethyl ? methacrylate
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LeicaTM, according to the manufacturer’s protocol. Sec-

tions were stained with 0.05 % Toluidine Blue in buffer

acetate, pH 4.7 (O’Brien et al. 1964 modified). The botanic

material was also embedded in paraffin, sectioned, and

stained with Astra Blue and Safranin (Gerlach 1969). Both

cases were mounted in synthetic resin.

The following histochemistry tests were performed:

phloroglucinol plus hydrochloric acid for lignified walls

(Sass 1951); Sudan IV for lipid substances; lugol for starch;

ferric chloride plus sodium carbonate for phenolic com-

pounds (Johansen 1940), and Ruthenium Red for mucilage

(Strasburger 1924).

Morphological and anatomical documentation was done

by capturing images using the software Image Pro-Plus 4.0

(Media Cybernetics�). The scales referring to the pictures

were obtained in the same optical conditions used for each

case.

The terminology used in seed description was the one

defined by Corner (1976).

Results

In both species, each carpel presents an erect ovule formed

in axial placenta at the locule base (Fig. 1). The ovule is

pachychalazal, bitegmic, anatropous tending or bowing to

campilotropous. It has a short and thick funicle with

obturator that surrounds it; the obturator has a papillose

surface that secretes mucilage (positive reaction to ruthe-

nium red and purple aspect with toluidine blue) and the

major lobule at the side of the micropyle (Figs. 1–3). In U.

ulmacea, above the obturator, the aril starts growing, evi-

dent like a small protrusion (Fig. 3). Ovule vascularization

has a funical bundle (Fig. 4) which ramified into two

bundles in the rapheal region. As the vascular tissue

reaches the chalaza, the rapheal bundles are further rami-

fied, showing circular arrangement in the periphery of all

pachychalaza (Figs. 4–7).

The outer integument has about seven layers, and the

inner approximately four layers of cubic cells, with thin

walls, dense cytoplasm, and conspicuous nuclei (Figs. 2,

3). The three regions in the pachychalaza in U. ulmacea,

may possibly differ: the outer region with five or six layers

of isodiametric cells, periclinally flattened, in which the

procambial strands are immersed; the middle region

formed by isodiametric and vacuolated cells; and the inner

region that presents smaller cells than the first two regions,

of varied shapes (Fig. 8). In S. communis, the three regions

of the pachychalaza are different, but the middle region has

large cells with phenolic contents (Fig. 7). The nucellus

has one or two layers of cubical parenchymatic cells with

thin walls, dense content, conspicuous nuclei, and it shows

signals of reabsorption highlighted by the degeneration of

the cells between the inner tegument and the embryo sac

(Figs. 5, 6). In both species, the micropyle consists of the

endostome (Figs. 2, 3).

During seed development, the testa, tegmen, and

pachychalaza do not increase the number of layers, but

there is an increase in cell volume and the layers on the

pachychalazal region become more evident (Figs. 9–16).

At the anti-rapheal region, the tegmen has cuboidal cells

with phenolic content and the first two layers of the

mesotesta also have phenolic content (Figs. 10–12). An

invagination appears in the ovule (Figs. 2, 3) due to high

mitotic activity occurring in rapheal region and the seed

becomes curvy. In this phase, the young seed is still ana-

tropous (Fig. 9). The exotesta, in both species, is uniseriate

throughout the seed development, and the cells of phenolic

content start to show an anticlinal stretching (Figs. 10–18).

The enlargement of mesophyll cells of the pachychalaza

turns more distinct the three evident regions in the ovule:

the outer region has six layers of isodiametric cells, slightly

and periclinally flattened; the middle region has from four

to five layers of isodiametric cells, larger than those in the

outer region, slightly and anticlinally elongated and with

phenolic content; and the inner region is formed by a

variable number of layers of small cells in initiation of

collapse (Figs. 14–16).

The non-specialized endotesta becomes indistinct from

mesotesta along the development. The mesotesta and the

tegmen, in both species, exhibit no specialization and

become collapsed in mature seed (Fig. 18). The nucellus,

little conspicuous, is slowly consumed. The endosperm is

nuclear, presenting numerous free nuclei near the cordi-

form embryo that develops slowly (Figs. 19, 20).

The mature seed becomes a little campilotropous by the

development of an invagination that causes a slight curving

of the seed (Figs. 19–22). It is pachychalazal, bitegmic,

and exotestal. The exotesta, including the pachychalazal

region, is formed by macrosclereids, arranged in palisade

covered with thick cuticle. The remaining testa and tegmen

collapse up. In the immature seed, the pachychalazal

integument is still quite distinct, but there is evidence of

collapse, mainly in the inner region (Figs. 17, 18). At the

end of seed development, the nucellus was completely used

and the endosperm, after the cellularization, is reabsorbed

(Figs. 21, 22).

Seeds of S. communis are lenticular (Fig. 24) and the

seeds of U. ulmacea are ellipsoid (Fig. 25), with smooth

surface, showing red to brown color. In U. ulmacea, near

the hilum, in the pre-rapheal region, the reduced aril is

cordiform in shape (Fig. 26). Next the maturation, an

abscission line, which will originate the hilum, is observed

between the obturator and the aril (Fig. 21).

The embryo of both species is curved and the embryonic

axis is short, showing in the radicle a root cap at the
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beginning of the differentiation process (Fig. 22). Cotyle-

dons are fleshy, constituted by isodiametric meristematic

cells and procambial strand immersed in fundamental

meristem (Fig. 23). In S. communis, both cotyledons are

flat and parallel to the seed axis (Figs. 27, 29). In U.

ulmacea, the outer cotyledon is curved and the inner one

biplicated (Figs. 28–30). The embryonic reserve in both

species basically consists of lipids, showing small starch

grains dispersed in the seed coat.

Discussion

In S. communis and U. ulmacea, the ovules are anatropous

tending or bowing to campylotropous as in most Sapin-

daceae described by Corner (1976) in which the latter state

occurs at least after fertilization. In Paullinieae, Weckerle

and Rutishauser (2005) described campylotropous ovules

for the tribe. These contradictions can be due to differences

in developmental stages at which the ovules had been

described.

In both species, there is a funicular obturator with

secretory surface, a structure that, according to Corner

(1976), among Sapindales, has been reported in Rutaceae

and Sapindaceae. In Sapindaceae the obturator, it may have

funicular or placental origin and cover or not the micropyle

(Corner 1976). A papillose obturator is also found in S.

saponaria (Albiero et al. 2001). Bouman (1984) stated that

the papillose obturator has the function of guiding the

pollen tube to the micropyle, and it is connected with the

transmitting tissue, which was also emphasized by Weck-

erle and Rutishauser (2005). For the species described in

this work, the obturator maybe have this function, but floral

biology studies are necessary to be sure. The obturator

surface is smooth in S. communis and papillose in U.

ulmacea. The occurrence of papillose obturator in P. alata

G. Don, P. pachycarpa Benth., P. dasystachya Radlk.,

Cardiospermum halicacabum L., U. ulmacea (Weckerle

and Rutishauser 2005), and S. saponaria (Albiero et al.

2001) can be a characteristic that reinforces the proximity

of the species from tribe Paullinieae with the other groups

in the Clade X (Paullinieae) from Buerki et al. (2009)

proposal, besides the species sampled being S. oligophyl-

lus. A detail investigation from the seed ontogeny from

more species in the Clade X and species from other clades

in Sapindaceae can reinforce or refute this point of view.

In mature seeds of S. communis and U. ulmacea, the

mesotesta, endotesta, and tegmen become quite crushed,

and only the exotesta consisting of macrosclereids in pal-

isade is visible. This exotestal seed is described by Corner

(1976) in Sapindaceae, by Albiero et al. (2001) in S.

saponaria, by Weckerle and Rutishauser (2005) in all

Paullinieae species studied, and in P. trigonia by Polo

(2006). According to Corner (1976), exotestal palisade of

imperfect Malpighian cells, some with linea lucida

(Sapindus L.), suggests a connection to a leguminous

ancestry. This affirmation makes sense because seed with

Malpighian cells is a character state shared by Fabales

(eurosids I) and Sapindales (eurosids II) (APG III 2009);

however there is variation according to the position of this

layer (testa or tegmen). The layer of Malpighian cells in the

testa or tegmen is constant in the descriptions presented in

Corner (1976), as well in the studies of seed ontogeny in

Chorisia speciosa A. St.Hil. (Malvales) (Marzinek and

Mourão 2003), and in other species from another family in

Sapindales (Pinto et al. 2003 in Guarea macrophylla Vahl).

It is important to highlight that studies like the one realized

in this work, with a bigger amount of species in eurosids I

and II, allow us to explain better the affirmation of Corner

(1976).

The seed is pachychalazal in S. communis and U.

ulmacea. It is interesting to note that both Weckerle and

Rutishauser (2005) and Polo (2006) did not refer to the

occurrence of pachychalaza in the species they described,

despite the record in the tribe by Corner (1976) for

Cardiospermum and Paullinia. In C. halicacabum, Cor-

ner (1976) stated that pachychalaza has the same struc-

ture of the testa, except for the presence of vascular

bundles. In the species studied in this work, pachycha-

laza is much broader than the testa, and we could dis-

tinguish three regions. This fact reinforces the

importance of ontogenetic studies in the definition of

seminal structures, so they can be correctly used in the

phylogenetic discussions.

In S. communis and U. ulmacea, vascularization is

typical of pachychalazal seeds (Corner 1976), in which the

vascular supply of the raphe is divided a little before

entering the seed into several branches which are further

ramified in the pachychalaza, closing over the expanded

hypostasis, being absent in the anti-raphe and in the free

portion of the testa.

bFigs. 1–8 Longitudinal (1–3) and cross (4–8) sections of the ovule of
flowers at anthesis (1–3, 5, 8) and post-anthesis (4, 6, 7) of Serjania
communis (2, 4, 7) and Urvillea ulmacea (1, 3, 5, 6, 8). 1 General

view of the ovary showing the axial placentation and obturator in the

funicle region. 2, 3 General view of the ovule evidencing rapheal and

anti-rapheal limits on the pachychalaza (asterisk), meristematic

region of the raphe, which originates the rapheal invagination

(arrow), obturator and aril in the funicle region, and endostome

formed by the inner integument. 4–6 General view showing the inner

and outer integument, funicle, rapheal vascular bundles, and the

reabsorption of the nucellus (arrow unfilled). 7, 8 General view

showing the three regions of the pachychalaza (r1, r2, r3) and the

pachychalazal bundles (ar aril, en endostome, fu funicle, ii inner

integument, ob obturator, pt pachychalazal procambial bundles, rb

rapheal bundle, r1 outer region, r2-middle region, r3 inner region, oi

outer integument, vb vascular bundle)
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The nucellus is not a conspicuous layer in the ovules of

S. communis and U. ulmacea and rapidly disorganizes in

the developing seed, unlike the description of Corner

(1976), in which the nucellus extends up long before the

absorption by the endosperm in species of this family.

Initially, the nuclear endosperm of S. communis and U.

ulmacea becomes cellularized, and it is subsequently

reabsorbed by the developing embryo that fills the seed, as

described by Corner (1976) for Sapindaceae in general and

Polo (2006) for P. trigonia.

In S. communis, the aril is absent. This structure also does

not occur in S. altissima, but in S. inflata, a reniform

structure is found at the seed base, similar to U. ulmacea

(Weckerle and Rutishauser 2005). These two genera are

considered phylogenetically close by several authors (Ace-

vedo-Rodriguez 1993; Weckerle and Rutishauser 2005). In

Sapindaceae, there are arillate, exarillate, and sarcotestal

seeds; structures which absent in Serjania and Urvillea

(Corner 1976), an aspect not confirmed by Weckerle and

Rutishauser (2005) in the two genera (they described in S.

inflata and in U. ulmacea as confirmed in the present study).

The aril of U. ulmacea is funicular, but Weckerle and

Rutishauser (2005) described, for this species and C. hal-

icacabum, that the aril is built in the basal part of the

chalaza. However, Corner (1976) described the aril as

funicular in C. halicacabum. Probably, the descriptions

made by Weckerle and Rutishauser (2005) have not taken

in account the aril ontogeny, like the one realized in U.

ulmacea. An extensive discussion on the use of the term

aril and sarcotesta in Sapindaceae is presented by Polo

(2006). This author named partial sarcotesta the fleshy

structure that differentiates at the basal portion of the raphe

and in the area near the micropyle, in Paullinia, contrary to

the term aril described for the genus by Weckerle and

Rutishauser (2005). All these contradictions are due to the

lack of detailed analysis on seed ontogenesis making the

seed appendages not reliable in phylogenetic discussions.

The transitional character of aril loss associated to the

loss of the fruit dehiscence in Sapindaceae and in

Paullinieae, as described by Corner (1976), is reinforced in

the present study. The same way, this transition is present

in the work of Weckerle and Rutishauser (2005), when the

authors cite the presence of a reniform structure in S.

inflata similar to the aril in U. ulmacea. As highlighted in

the introduction, the anatomical transitional character of

the loss of dehiscence in the fruit of Paullinieae was also

described and discussed by Tanaka et al. (2014), who

stated that the presence of dorsal wings, lighter spongy

tissue, inflated loci, and the opening facilitated by the

spongy tissue in septa in U. ulmacea may represent a

transitional state between the schizocarpic fruit with three

samara-like indehiscents mericarps of Serjania and the

septifrage dehiscent capsule of Cardiospermum. Tanaka

et al. (2014) affirmed that ontogenic studies of more spe-

cies belonging to these three genera can sustain these

affirmations. This consideration is also valid to seminal

ontogeny, since studies of this aspect in other species of

Serjania can reveal different degrees in aril size or even its

absence. The biggest difficulty is to collect a representative

number of species with all the developmental phases that

are necessary to realize an ontogenetic study like the one

done in this work.

The monophyly of Cardiospermum, Paullinia, and

Serjania was supported in the study of Harrington et al.

(2005) and the close relationship of Cardiospermum and

Urvillea by Urdampilleta et al. (2006). In a more recent

study, working with more molecular markers, Buerki et al.

(2009) confirmed the monophyly of the tribe Paullinieae. In

this phylogenetic proposal, the authors had a 55 % degree

of reliability between the relationship of Serjania (with

indehiscent schizocarpic fruit and vestigial aril in S. inflata)

and Paullinia (with dehiscent capsule fruit and seeds with

fleshy appendices), while the degree of reliability between

these two genera and the branch that includes Car-

diospermum and Urvillea is 100 %.

In this sense, studies with fruit and seed ontogeny

including more species of the tribe Paullinieae can

demonstrate in a more consistent way the transitions

between dehiscence to indehiscence, with the subsequent

loss of the fleshy appendice in the group or even reversals

or parallelisms that may have occured in the tribe.

In S. communis and U. ulmacea, the seeds become

slightly campylotropous through the development of a

partial septum, arising from meristematic activity in the

rapheal region adnate to the outer integument from the

ovule, which causes a slight curving of the seed. This

development is described in Sapindaceae by Corner (1976)

and also by Weckerle and Rutishauser (2005) and Polo

(2006), resulting in a radicle chamber (radicle pocket) that

holds the short embryonic radicle.

According to Acevedo-Rodriguez (1993), the size and

shape of seeds in Paullinieae are important

bFigs. 9–18 Longitudinal (9, 11, 12, 15, 16) and cross (10, 13, 14, 17,
18) sections of developing (9–16), developed (17), and mature (18)
seeds of Serjania communis (9, 12–14, 17) and Urvillea ulmacea (10,
11, 15, 16, 18). 9 General view of the seed evidencing the rapheal and

anti-rapheal limits of the pachychalaza (asterisk), meristematic

rapheal region, which originates the rapheal invagination (double

asterisk) and the cordiform embryo. 10–12 Details of the seed coat

evidencing testa and tegmen. 13–16 Details of the seed coat in the

pachychalaza showing the three distinct regions, the middle region

being phenolic (r1, r2, r3). 17, 18 Details of the seed coat of the

developed and mature seed, respectively, showing periclinal division

in the region r1 of the pachychalaza, and exotesta with macrosclereids

(eb embryo, en endostome, ex exotesta, pb pachychalazal bundles, rb

rapheal bundle, r1 outer region, r2 medium region, r3 inner region, ts

testa, tg tegmen)
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characteristics at the species level, with the embryo

being straight or curved in various degrees and the

cotyledons being generally thick, straight, or curved. In

S. communis, embryo is type 1, which is in accordance

with one of the types described by the above-mentioned

author in Serjania section Platycoccus and characterized

by both cotyledons which are flat and parallel to the axis

of the fruit.

Figs. 19–23 Detail of longitudinal sections of developing (19, 20), developed (21), and mature (22, 23) seeds of Serjania communis (19) and
Urvillea ulmacea (20–23). 19, 20Micropyle region evidencing the rapheal invagination, endostome, and cordiform embryo. 21Micropyle region

evidencing the pachychalaza limit in the raphe (asterisk), cellularized endosperm being consumed, embryo, rapheal invagination, and radicle

pocket. 22 Micropyle region evidencing the rapheal invagination and root cap. 23 Detail of the cotyledons highlighting the procambial strands

(arrow) (ar aril, ct cotyledon, cr cap root, eb embryo, ed endosperm, eh hypocotyl-radicle axis, en endostome, fa funicle abscission region, ob

obturator, ra raphe, ri rapheal invagination, rp radicle pocket, ts testa, tg tegmen)
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Weckerle and Rutishauser (2005) described straight

(Serjania) or curved (Cardiospermum) cotyledons and

embryo with the outer cotyledon curved and the inner

biplicate in U. ulmacea, which was confirmed in the present

work for this species and that classifies the species into type 2

cotyledon proposed for Serjania (Acevedo-Rodriguez 1993).

Although recent researches on the reproductive organs of

Sapindaceae define differential morphological and anatomical

seed characters, contradictory descriptions are found in many

structures, for example the type of fleshy appendix, which

could be elucidated only by ontogenetic analysis as per-

formed herein. Studies on seed ontogeny in the tribe Paulli-

nieae can ensure the reliable use of its structural characters

and mapping on current molecular phylogenetic purpose

revealing transitional states among genera of Paullinieae.

The transitional character of the presence of aril associ-

ated with the fruit type (dehiscent or indehiscent) in the tribe

Paullinieae is reinforced. Species with capsule fruit type

present a well-developed aril. In U. ulmacea, the aril is

poorly developed and is associated with indehiscent fruit,

but have tissues that allow an easy disintegration of the

pericarp. In Serjania, with indehiscent schizocarp fruit with

free samara-like mericarps, the aril is absent or very small,

as reported in the literature, which can strengthen the gradual

transition of these characteristics between these two genera,

whose position has varied in the phylogenies of Paullinieae.
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