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Abstract. Colleters are protuberances or trichomes that produce and release an exudate that overlays vegetative or
reproductive buds. Colleters have a functional definition, as they are thought to protect young tissues against dehydra-
tion and pest attack. Decaffeinated coffee plants, named Decaffitow, have recently been obtained through chemical
mutagenesis, and in addition to the absence of the alkaloid, the flowers of these plants open precociously. Decaffito
mutants exhibit minimal production and secretion of the exudate by the colleters. We compared these mutants with
normal coffee plants to infer the functional role of colleters and the secreted exudate covering flower buds. Decaffito
mutants were obtained by sodium azide mutagenesis of Coffea arabica cv. Catuaı́ seeds. Wild-type plants were used
as controls and are referred to as Catuaı́. The flower colleters were analysed by scanning and transmission electron mi-
croscopy in addition to histochemical analysis. Histochemical analysis indicated the presence of heterogeneous
exudate in the secretory cells of the colleters of both variants of coffee trees. Alkaloids were detected in Catuaı́ but
not in Decaffito. Transmission electron microscopy revealed that the secretory cells in the Catuaı́ colleters possessed
the normal and common characteristics found in secretory structures. In the secretory cells of the Decaffito colleters,
it was not possible to identify any organelles or even the nucleus, but the cells had a darkened central cytoplasm, indi-
cating that the secretion is produced in low amounts but not released. Our results offer a proof of concept of colleters in
coffee, strongly indicating that the exudate covering the flower parts works as an adhesive to keep the petals together
and the flower closed, which in part helps to avoid dehydration. Additionally, the exudate itself helps to prevent water
loss from the epidermal cells of the petals.
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Introduction
Colleters have been defined as secretory structures
present in different organs of members of .60 angio-
sperm families, including Rubiaceae, Loganiaceae and
Apocynaceae (Thomas and Dave 1990; Miguel et al.
2009). Structurally, they can appear as trichomes or as
emergences that are formed from both epidermal and
subepidermal tissues (Foster 1949; Appezzato-da-Gloria
and Estelita 2000; Evert 2007).

Morphology, location and the chemical nature of the
exudate are the criteria used to define the term colleter,

but in fact the functional concept is the common link con-
necting most reports of this structure (Mayer et al. 2011).
The term colleter originates from the Greek word ‘colla’,
which means glue (Foster 1949). The nature of the sticky
resinous or mucilaginous substance released by the coll-
eters is diverse, and polysaccharides, proteins and lipids
have been described as components (Miguel et al. 2006).
These structures differentiate early, and their function
seems to be to provide physical or chemical defences for
the shoot apex and lateral buds against insect and patho-
gen attack. However, the occurrence of colleters is not
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limited to these plant parts, as they also occur in repro-
ductive organs and seedlings (De-Paula and Oliveira
2007; Mayer et al. 2011). Other reports suggest that coll-
eters and the exudate protect juvenile plant structures
against dehydration because the exudate permeates
and overlays the entire meristem and juvenile organs
(Thomas and Dave 1989; Thomas et al. 1989; Klein et al.
2004). Appezzato-da-Gloria and Estelita (2000) argued
that the exudate prevents water loss in hot tropical cli-
mates. In addition to dehydration protection, it has also
been suggested that bycovering the shoot apex meristem,
the exudate may act as a physical barrier (Miguel et al.
2010). It is important to supplement morphological, struc-
tural and developmental data with information on the
secretory product from histochemical tests or chemical
analysis to construct an association between the defin-
ition of colleter and its functionality (Radford et al. 1974).

Although the alleged role of the colleter and its exudate
is to protect plant parts against water loss and attack by
insects and pathogens, only indirect evidence of this role
has been obtained. Only a few reports have analysed the
composition of the resinous material and have suggested
such a role (Miguel et al. 2006 and references therein).
According to Miguel et al. (2006), who demonstrated an in
vitro fungicide property (spore germination) of the exudate
from the colleters of Bathysa nicholsonii K. Schum. (Rubia-
ceae), the exudate protects the shoot apical meristem
against pathogen attack. Another function attributed to
the exudate from colleters is related to nutritional aspects
regarding bacterial leaf nodule symbiosis with the Rubia-
ceae species (Horner and Lersten 1968; Lersten 1975).

The colleters in the stipules of Coffea arabica (Patel and
Zaveri 1975) are classified as ‘standard type’ (Lersten
1974a, b). This type of colleter is formed by a secretory epi-
dermis and the central axis of parenchyma cells, without
vascular tissue. The origin of this type of colleter involves
the protoderm and the ground meristem, as described
for the colleters of Caryocar brasiliense Camb. (Paiva and
Machado 2006a).

Under Brazilian climate conditions, coffee (C. arabica)
floral buds start to differentiate from axillary buds in
January at the leaf axils that pre-formed in August of
the previous year (Majerowicz and Söndahl 2005).
During the shorter days of April, the induction of the exist-
ing leaf buds to flower buds intensifies. Once they have
developed into mature buds, they become dormant.
Dormancy coincides with the start of the dry season,
and as soon as the first rains of spring begin, flower-
ing is triggered and anthesis occurs (Camargo and
Camargo 2001). During development, coffee buds/
flowers are covered by a viscous exudate of unknown
composition. The functional role of this secretion has
never been proved, but it is argued that it protects the

dormant coffee floral bud from dehydration during the
dry season, as has been suggested for many other plant
species.

Recently, we used sodium azide to mutagenize coffee
seeds, aiming to obtain decaffeinated coffee plants
(P. Mazzafera, unpubl. res.; Borrell 2012). Among the
�33 000 seedlings analysed, seven were found not to
contain caffeine (1,3,7-trimethylxanthine) due to a blockade
in the methylation of theobromine (3,7-dimethylxanthine)
mediated by caffeine synthase (Mazzafera et al. 1994).
These plants were grown in the field for 2 years until they
blossomed, at which point it was observed that, in addi-
tion to lacking caffeine, they exhibited precocious flower
opening (see Fig. 1A). The term anthesis will not be used
here because we understand that what happens in Decaf-
fito is not a normal process. Although this process happens
veryearly during bud development, the buds curiouslyalso
undergo a period of dormancy, i.e. they stop growing
during the dry season and start to swell and increase in
size with the first rains of spring. The flowers are smaller
than normal flowers (Fig. 1B), but they produce viable
pollen. By crossing these mutants with caffeinated plants,
the descendants recover the normal caffeine content.
Normal C. arabica plants have cleistogamy, and therefore
self-pollination is high (Carvalho 1988), an advantage lost
by the decaffeinated mutants as they are more prone to
cross-pollination. Controlled crosses showed that every
time the decaffeinated mutant was obtained, this early
flower opening phenotype was displayed, suggesting a
strong genetic link. These mutants were named Decaffito
(Mazzafera et al. 2009).

Figure 1. (A) Flowers of Decaffito on a branch of a plant in the field
and (B) open flowers of Catuaı́ and Decaffito.
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Here, we report that the flowers of Decaffito open preco-
ciously because of the lack of exudate released by coll-
eters. In normal flowers, the viscosity of the exudate
seems to hold the petals together, acting as an adhesive,
and does not allow them to open until they absorb
water, swell and can then overcome the barrier imposed
by the exudate. Furthermore, the exudate seems to
protect against dehydration through the formation of a
thick layer on the young flower buds, which have numer-
ous stomata on the external petal surface. This informa-
tion is the first direct evidence for a functional role of
colleters and their exudate.

Methods

Botanical materials

Coffea arabica cv. Catuaı́ Vermelho and cv. Decaffito were
used in this study. The plants were grown in the experi-
mental field of the Department of Plant Biology of the
State University of Campinas, Campinas-SP, Brazil. Catuaı́
is a commercial cultivar and contains �1.2 % caffeine on
a dry weight (DW) basis in its fruits (Guerreiro Filho and
Mazzafera 2003) and 0.8 % DW in its leaves (Guerreiro
Filho and Mazzafera 2000).

Decaffito mutants were obtained by treating Catuaı́
Vermelho seeds with sodium azide (0.003 or 0.01 % in
200 mM sodium phosphate pH 3, 48 h) and then germinat-
ing them in a sand bed. Approximately 33 000 plants
were analysed for caffeine in the leaves using high-
performance liquid chromatography, and seven were
found to be almost devoid of caffeine. These plants were
then transferred to field conditions (P. Mazzafera, unpubl.
res.; Borrell 2012). Samples of the flower buds and
flowers at different developmental stages were collected
from these plants and used in our studies.

Light microscopy

Samples were fixed under vacuum as described by Kar-
novsky (1965; modified by preparation in phosphate
buffer pH 7.2) for 24 h and dehydrated in an ethanol
series (10, 30, 50 and 70 %) and then in a tert-butyl
alcohol (TBA) series (70, 85, 95 and 100 %) (Johansen
1940) for 48 h in each solution. The last dehydration in
100 % TBA was repeated three times. A three-fourths
volume of solid Paraplast X-traw (Fisher) was added to
the samples in 100 % TBA, and the mixture was main-
tained at 58 8C. The Paraplast was changed three times,
every 12 h. The samples were placed on moulds to solidify,
and serial sections (5 mm thick) were cut on a rotary micro-
tome (Leica) and distended in heated plates at 48 8C. The
Paraplast was removed by immersion of the slides in
xylene, and the sections were subsequently rehydrated
in absolute ethanol followed by distilled water. The

sections were stained with safranin and astra-blue
(Gerlach 1969) and mounted in Entellanw synthetic resin
(Merck). Photomicrographs were taken with an Olympus
BX 51 photomicroscope equipped with an Olympus DP71
camera.

Histochemistry

Samples were fixed, dehydrated and embedded as
described above. The chemical nature of the substances
found in the secretory cells of the colleters and the
exudate was determined using the following histochem-
ical tests: periodic acid–Schiff’s reaction for 1,2-glycol
groups present in polysaccharides (McManus 1948); ruthe-
nium red for acid polysaccharides and pectic substances
(Johansen 1940); Wagner’s reagent for alkaloids
(Wagner et al. 1984); aniline blue black (Fisher 1968) to
identify proteins; and Sudan black B (Pearse 1985) and
Nile blue (Cain 1947) for neutral (stained pink) and
acidic (stained blue) lipids to identify the aliphatic com-
pounds. Standard control procedures were performed
simultaneously.

Scanning electron microscopy

Samples were fixed as described by Karnovsky (1965;
modified by preparation in phosphate buffer pH 7.2) for
24 h, dehydrated in a graded ethanol series and subjected
to critical point drying with CO2 (Horridge and Tamm
1969). The samples were attached to aluminium stubs
and coated with gold (30–40 nm). Finally, the samples
were examined under a LEO model VP 435 scanning elec-
tron microscope at 20 kV.

Transmission electron microscopy

Samples of bract with colleters were fixed by Karnovsky’s
method (Karnovsky 1965; modified by preparation in
phosphatebuffer pH 7.2), post-fixed in 1 % osmium tetrox-
ide (0.1 M phosphate buffer pH 7.2) for 2 h, dehydrated by
an acetone series and embedded in Araldite resin (Roland
1978; Silva and Machado 1999). Ultrathin sections were
contrasted with uranyl acetate and lead citrate (Roland
1978) and examined under a Philips EM 100 transmission
electron microscope at 60 kV.

Results

Morphology of the bud flower

The Catuaı́ flower buds had a whitish, thick, viscous
exudate covering the petals at different developmental
stages before flower opening (Figs 2A, C and 3A). Although
the exudate was not visible in fresh samples of Decaffito
flowers (Figs 1A and 2B, D), analysis by scanning electron
microscopy revealed its presence in minimal amounts
(Figs 3B and 4G) when compared with Catuaı́. The lack of
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exudate in Decaffito was observed from the beginning of
the development of the reproductive meristem until the
precocious opening (Figs 1A, B, 4A–F and 5B, C).

The structures responsible for the secretion of the exu-
dates are the colleters, which are positioned on the
adaxial side of the bracts adjacent to the flower buds, as
seen for Catuaı́ (Figs 2A, 3C and 5A, F) and Decaffito
(Figs 2B, 3D, 4H, I and 5B–D). The colleters are long, have
a short peduncle (Figs 3E–G and 4I) and are formed by a
secretory palisade-like epidermis and an axis of non-
secretory parenchyma central cells (Fig. 5D). The secretory
phase of colleters begins at the induction of the reproduct-
ive meristem and remains active during the development
of the flower bud.

Histochemistry

Histochemical tests revealed the complex and hetero-
geneous chemical nature of the exudate detected on the
surface of the flower buds and inside the secretory cells
of the colleters. The exudate is composed of polysacchar-
ides (Fig. 5E–G), pectic substances (Fig. 5H–J), alkaloids
(Fig. 6A and B), proteins (Fig. 6D–F) and lipophilic sub-
stances (Fig. 6G–L). The release of the exudate is abundant
in Catuaı́ (Figs 5E, H, I and 6A, B, D, E, G, H, K, L) and scarce in
Decaffito (Figs 5F, G, J and 6F, I, L). As expected, alkaloids

were not detected in the exudate or inside the secretory
cells of the colleters of Decaffito (Fig. 6C).

The exudate released by the secretory epidermal cells
between the cuticular layer and the wall layers below led
to the formation of large subcuticular spaces in which
the exudate accumulated (Fig. 6H). This accumulation
creates pressure under the cuticle, causing it to rupture
and release the exudate (Figs 3E–G and 6K).

Ultrastructure of colleters

Catuaı́. The secretory cells of the colleters of this coffee
cultivar have a dense cytoplasm, an evident nucleus,
small vacuoles, vesicles containing lipid-like substances,
several dictyosomes, mitochondria and rough endoplasmic
reticulum (Fig. 7A–E). The plastid matrix is granular with
starch grains (clear bodies), classified as amyloplast
(Fig. 7B and E). Some small vacuoles have an internal mem-
brane system (Fig. 7C). The exudate is clearly heterogeneous
(Fig.7A,DandG),and itoccupies intercellularspacesandthe
large subcuticular spaces formed by the separation of the
cell wall from the cuticle. The non-secretory parenchyma
cells of the central axis have a low-density content, and
phenols are present (Fig. 7F). In the secretory cells near
the senescent phase, the small vacuoles fuse, forming a
large vacuole that occupies most of the protoplast interior
(Fig.7G).Thecytoplasmbecomesrestrictedtotheperiphery
of the cell, and the rough endoplasmic reticulum appears to
be parallel to the plasma membrane (Fig. 7H).

Decaffito. The secretory cells of the colleters of Decaffito
show marked changes compared with Catuaı́ as shown
by the ultrastructural analysis (Fig. 8A–E). Little exudate
is produced, and it seems that it is either not released or
when small amounts are released it is still enough to
lead to the formation of subcuticular and intercellular
spaces (Fig. 8A–C and E). Inside the cell, it is not possible
to identify any organelles or even the nucleus, with only
a darkened central cytoplasm (Fig. 8A and C–E) and a
network of translucent tubule-like structures (Fig. 8C–E)
visible. The non-secretory parenchyma cells of the
central axis have characteristics similar to those of the
Catuaı́ cell, with low-density content, large vacuoles and
a detectable presence of the nucleus and plastids (Fig. 8F).

Discussion
Stipules protect vegetative buds and leaf primordia
(Lubbock 1890; Paiva and Machado 2006a, b), and bracts
protect reproductive structures (Bell 2008). Thus, the pres-
ence of colleters in the stipules (Patel and Zaveri 1975) and
bracts of C. arabica reinforces the idea that they may have
a protective role. Colleters occur exclusively on the adaxial
face of bracts (Lersten 1974a) and are positioned above

Figure 2. Flower buds of (A and C) Catuaı́ and (B and D) Decaffito.
(A and B) Note the colleters (arrows) and the exudate covering the
petals (*). Scale bars: A and B ¼ 1 mm; C and D ¼ 2 mm.
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and adjacent to the reproductive meristem. The beginning
of the secretory phase occurs prior to the development
of flower organs, and as the flower buds start to develop,
they are already covered by the exudate released from
the colleters.

Both coffee plants in this study were grown in Campinas
(SP, Brazil), where it is well established that coffee floral
buds start to differentiate from axillary buds in January
at leaf axils that pre-formed in August of the previous
year. The formation of flower primordia occurs in March/

Figure 3. Scanning electron micrographs of flower buds and colleters. (A) Overview of the flower bud of Catuaı́: observe the exudate covering the
petals; (B) overview of the flower bud of Decaffito; (C and D) overview of colleters (arrowhead) in the bract; (C) Catuaı́; (D) Decaffito; (E–G) details of
colleters: note the cuticular rupture in the apical portion of the colleter (arrows), exposing the secretory cells and releasing the exudate (*); (E and F)
Catuaı́: note the apical portion of the colleter in detail; (G) Decaffito. Scale bars: A and B ¼ 1 mm; C, D and F ¼ 100 mm; E and G ¼ 20 mm; F
(inset) ¼ 3 mm.
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April (Majerowicz and Söndahl 2005). Starting in May, the
temperature and rain precipitation decline and remain
low compared with other months until August/September.
During this winter period, the vegetative growth of the
flower buds ceases, and they remain dormant (Majerowicz

and Söndahl 2005). The same climatic conditions apply to
Catuaı́ and Decaffito, although the flower buds of the latter
remain dormant, and no growth is observed. Because
Decaffito does not have the presumed protection of the
colleter exudate, the flower buds are exposed to low air

Figure 4. Scanning electron micrographs of the flowers of Decaffito. (A–F) Different stages of the flower bud; note the scarce presence of exudate;
(D–F) flower in precocious opening; (G) note the scarce exudate (*) covering the petals; (H) overview of a flower bud, view of the colleter position
(arrows) in the adaxial side of the bract; (I) details of colleters. Scale bars: A–F ¼ 1 mm; G and I ¼ 100 mm; H ¼ 1 mm.
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Figure 5. Longitudinal sections of flower buds. (A, E, H and I) Catuaı́; (B–D, F, G and J) Decaffito. (A and B) Flower bud at the beginning of devel-
opment; note the extracellular exudate (*) and colleter (arrows); (C) flower in precocious opening, without complete development of the floral
organs; (D) details of the colleter with the secretory palisade epidermis (sp) and the central axis formed by non-secretory parenchyma cells
(ca) in the adaxial side of the bract (br); (E–J) histochemical characterization of the exudates; (E–G) periodic acid–Schiff reaction; (H–J) ruthenium
red. Scale bars: A and B ¼ 500 mm; C and F ¼ 200 mm; D ¼ 100 mm; E, G, H and J ¼ 50 mm; I ¼ 20 mm.
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Figure 6. Histochemical characterization of the exudateof colleters. (A, B, D, E, G, H, J and K) Catuaı́; (C, F, I and L) Decaffito. (A–C) Wagner’s reagent:
note the secretory palisade epidermis (sp) and the extracellular exudate (*); (D–F) aniline blue black; (G–I) Nile blue; note in (H) the cuticle (ct)
displacement and subcuticular space; (J–L) Sudan black B; note in (K) the cuticular rupture in the apical portion of the colleter, releasing the
exudate (*). Scale bars: A, E, F, I and K ¼ 20 mm; B ¼ 10 mm; C, G, H and J ¼ 50 mm; D ¼ 200 mm; L ¼ 100 mm.
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Figure 7. Transmission electron micrographs of Catuaı́ colleters. (A–F) Colleters in the secretory stage; (G and H) colleters close to senescence.
(A) Secretory palisade epidermis (sp): note the dense cytoplasm, large nucleus (n), cuticle (ct) displacement and subcuticular space with
exudate (*) and intercellular space (is); (B, C and E) details showing small vacuoles (v), vacuoles with an inner membrane system (ims), dictyosomes
(d), plastids (p), lipid vesicles (lv), mitochondria (m) and rough endoplasmic reticulum (er); note in (D) the wide subcuticular space with heteroge-
neous exudate; note in (F) that the non-secretory parenchyma cell axis accumulates phenolic compounds; (G) secretory palisade epidermis close
to senescence: note that the vacuoles increase in size and fuse; (H) the cytoplasm of these secretory cells consists of a thin peripheral layer close to
the cell wall (cw): note the endoplasmic reticulum parallel to the plasma membrane (arrows). Scale bars: A ¼ 5 mm; B ¼ 500 nm; C, E and
H ¼ 1 mm; D ¼ 2 mm, F and G ¼ 10 mm.
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humidity and may dehydrate. We suggest here that the
colleter exudate in coffee also functions to keep the
petals united, acting as an adhesive, by ‘sealing’ the bud.
Once closed, the flowers may be partially protected from
dehydration. In Decaffito, the petals are freed due to the
lack of exudate. They also lose water from the external
surface due to the presence of many stomata (see
Fig. 4G), which may cause differential tension between
the internal and external cell surfaces, forcing the petals
to curve and open precociously (see Fig. 1A) before
flower development is complete and when the flowers
are still dormant. At the beginning of the rainy season, in

September/October, the dormancy is broken and anthesis
occurs after 10–12 days of the first rain (Majerowicz and
Söndahl 2005). This is observed for both Catuaı́ and Decaf-
fito, whose flowers are smaller than those of the former,
most likely as a consequence of dehydration stress during
the dry season (Fig. 1B). Thus, considering that Catuaı́ and
Decaffito flowers differ regarding the presence of exudate,
the Decaffito flowers provide functional proof of the role
of colleters in protecting coffee flowers from dehydration
and controlling their opening.

The histochemical evaluation showed that the differ-
ence in composition of the exudate of Catuaı́ and Decaffito

Figure 8. Transmission electron micrographs of Decaffito colleters. (A) Secretory palisade epidermis (sp) in the secretorystage; note the cuticle (ct)
displacement and subcuticular space with exudate (*) and intercellular space (is); (B) details of the cell wall (cw) of secretory cells and exudate;
(C and D) cross-section of the secretory cell: note the completely disorganized cytoplasm; (D) details of the centre of the secretory cell: note
that no intact organelles were observed; only cytoplasm darkening was observed; (E) longitudinal section of the secretory cell: note the
exudate inside (arrows) and outside (*) the cell and vacuoles (v); note in (F) the normal non-secretory parenchyma cell axis for the nucleus (n),
plastids (p) and large vacuole (v). Scale bars: A and F ¼ 10 mm; B and D ¼ 1 mm; C ¼ 2 mm; E ¼ 5 mm.
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was the absence of alkaloids in the latter, as would be
expected given that Decaffito was selected for low caf-
feine content after sodium azide mutagenesis. The
marked detection of caffeine in Catuaı́ is in agreement
with chemical analysis, which showed that the caffeine
content in the coffee flowers is among the highest of the
different parts of the coffee tree (Hamidi and Wanner
1964; Raju and Gopal 1979).

The histochemical tests also revealed that the exudate
composition was highly heterogeneous and complex.
Polysaccharides, pectic substances, alkaloids, proteins
and lipophilic substances were detected. Complex poly-
saccharide polymers of high molecular mass seem to
play a role as an adhesive to aid in seed dispersion by
fixing them to animals and by helping carnivorous plants
to capture insects or to lubricate the root apex and facili-
tate interaction with microorganisms (Fahn 1988 and
references therein). Additionally, the hydrophilic charac-
teristics of these polymers seem to assist in maintaining
appropriate humidity levels in the meristem and develop-
ing organs during dry periods, when soil water content
and air humidity are low and temperatures are high
(Kronestedt-Robards and Robards 1991; Paiva 2009). On
the other hand, the colleter exudate is insoluble in water,
which is most likely related to the lipid-like substances,
produced to prevent water loss (Thomas and Dave 1989).
The Catuaı́ exudate showed intense colouration for lipids.
Kronestedt-Robards and Robards (1991) suggested that
these substances could also inhibit the development of
pathogenic microorganisms. Similarly, Paiva and Machado
(2006a) suggested that proteins found in the exudate of
colleters of C. brasiliense may have an anti-pathogenic
function because they found enzyme activities related to
chitinases and b-1,3-glucanases, which are usually
related to protection against pathogens (Goy et al. 1992;
Giannakis et al. 1998). The presence of protein in the
exudate of colleters has also been related to the protection
of meristems (Klein et al. 2004; Gonzalez and Tarragó 2009)
but without a defined function. Although controversial
(Guerreiro Filho and Mazzafera 2000, 2003), caffeine has
been suggested to protect plants against insect attack
(Nathanson 1984). However, it is noteworthy that at any
time point, the Decaffito flowers were not observed as
more likely to be under attack by insects or microorganisms
than Catuaı́ or any other known C. arabica cultivar or coffee
species containing caffeine (P. Mazzafera, pers. observ.),
which suggests that, at least in coffee, the caffeine in the
exudate from colleters does not have a function related to
pest or pathogen protection.

The exudate covering the Catuaı́ flowers is mainly com-
posed of polysaccharides and pectic compounds, which in
turn seems to explain the presence of numerous dictyo-
somes in the secretory cells. Proteins were also densely

stained. The secretion of protein–carbohydrate mucilage
indicates participation of the Golgi complex and amylo-
plasts as well as the rough endoplasmic reticulum in the
release process (Fahn 1988; Evert 2007). Amyloplasts are
abundant in nectariferous tissue (Fahn 1988). They can
act as organelles for the storage of substances necessary
for the synthesis of the polysaccharide component of the
nectar (Rachmilevitz and Fahn 1973; Nepi et al. 1996).

Epidermal cells of the colleters of Catuaı́ showed normal
and common characteristics of secretory structures, with
an evident nucleus, dense cytoplasm, various dictyo-
somes and mitochondria. However, the secretory cells of
Decaffito did not show any distinguishable organelles,
not even the nucleus, but only a darkened cytoplasm. In
these cells, the exudate is produced in lower amounts
than in Catuaı́, and it is not secreted.

The exudate produced in Catuaı́ and Decaffito accumu-
lates in subcuticular and intercellular spaces. Paiva and
Machado (2006b) and Appezzato-da-Gloria and Estelita
(2000) argued that such subcuticular spaces are formed
by dissolution of the middle lamella due to enzyme activ-
ities along the anticlinal walls of the epithelial cells. Such
processes increase the surface area from which the
exudate is released as well as the space in which it can
accumulate. Rupture of the cuticle by an increase in pres-
sure caused by exudate accumulation in the subcuticular
space has been observed in the colleters of other species
of Rubiaceae (Thomas and Dave 1990), Caryocaraceae
(Paiva and Machado 2006a) and Apocynaceae (Thomas
and Dave 1989), which strongly suggests an absence of
pores in the cuticle to facilitate exudate release.

Like any other secretory structure, colleters senesce
after a secretory phase in which marked anatomical and
ultrastructural alterations occur (Dickinson 2000). In the
colleters of Catuaı́, the main alteration observed with sen-
escence was the state of the cytoplasm, from dense to less
dense, and an enlargement of the vacuole. During the sen-
escing phase of the colleters of B. nicholsonii, the secretory
cells showed a disorganized system of endomembranes,
and it was not possible to distinguish organelles, suggest-
ing programmed cell death (Miguel et al. 2010). We could
not visualize or distinguish any structural organization
inside the secretory cells of the colleters of Decaffito
in any phase. We speculate that such an occurrence
is most likely related to a precocious programmed cell
death process.

Conclusions
The Decaffito plants have very low caffeine content in all
tissues, and this characteristic is profoundly associated
with precocious flower opening (Borrell 2012; P. Mazzafera,
unpubl. res.). Similar to natural mutants of C. arabica
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(Silvarolla et al. 2004), Decaffito plants accumulate theo-
bromine, indicating a metabolic blockade of the last step
of caffeine biosynthesis (Mazzafera et al. 2009). Although it
is still not clear what controls caffeine biosynthesis in
Decaffito coffee mutants, the associated and undesirable
precocious flower opening characteristic provides the first
functional proof of the role of colleters and their exudate in
protecting flowers against exposure to dry atmospheres
and acting as an adhesive to keep the petals united until
anthesis. Additionally, although not reported here, we
observed a lack of exudate on leaf buds, suggesting
that the mutation in Decaffito might also affect the
productionandreleaseofexudate inthecolleters indifferent
plant organs.
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eters in monocots: new record for Orchidaceae. Flora 206:
185–190.

Mazzafera P, Wingsle G, Olsson O, Sandberg G. 1994. S-adenosyl-
L-methionine:theobromine 1-N-methyltransferase, an enzyme
catalyzing the synthesis of caffeine in coffee. Phytochemistry 37:
1577–1584.

Mazzafera P, Baumann TW, Shimizu MM, Silvarolla MB. 2009.
Decaf and the steeplechase towards Decaffito – the coffee
from caffeine-free Arabica plants. Tropical Plant Biology 2:
63–76.

McManus JFA. 1948. Histological and histochemical uses of periodic
acid. Stain Technology 23:99–108.

Miguel EC, Gomes VM, Oliveira MA, Cunha MD. 2006. Colleters in
Bathysa nicholsonii K. Schum. (Rubiaceae): ultrastructure, secre-
tion protein composition and antifungal activity. Plant Biology 8:
715–722.

Miguel EC, Moraes DG, Cunha MD. 2009. Stipular colleters in Psychotria
nuda (Cham. & Schltdl.) Wawra (Rubiaceae): micromorphology,
anatomy and crystals microanalysis. Acta Botânica Brası́lica 23:
1034–1039.

Miguel EC, Klein DE, Oliveira MA, Cunha M. 2010. Ultrastructure of se-
cretory and senescence phase in colleters of Bathysa gymnocarpa
and B. stipulata (Rubiaceae). Revista Brasileira de Botânica 33:
425–436.

Nathanson JA. 1984. Caffeine and related methylxanthines: possible
naturally occurring pesticides. Science 226:184–187.

Nepi M, Ciampolini F, Pacini E. 1996. Development and ultrastructure
of Cucurbita pepo nectaries of male flowers. Annals of Botany 78:
95–104.

Paiva EAS. 2009. Occurrence, structure and functional aspects of the
colleters of Copaifera langsdorffii Desf. (Fabaceae, Caesalpini-
oideae). Comptes Rendus Biologies 332:1078–1084.

Paiva EAS, Machado SR. 2006a. Colleters in Caryocar brasiliense
(Caryocaraceae) ontogenesis, ultrastructure and secretion.
Brazilian Journal of Biology 66:301–308.

Paiva EAS, Machado SR. 2006b. Ontogenesis, structure and ultrastruc-
ture of Hymenaea stigonocarpa (Fabaceae: Caesalpinioideae)
colleters. Revista de Biologı́a Tropical 54:943–950.

Patel JD, Zaveri M. 1975. Development of leaf and stipular glands in
Coffea arabica. Flora 164:11–18.

Pearse AGE. 1985. Histochemistry: theoretical and applied, Vol II, 4th
edn. Edinburgh: Churchill Livingstone.

Rachmilevitz T, Fahn A. 1973. Ultrastructure of nectaries of Vinca
rosea L., Vinca major L. and Citrus sinensis Osbeck cv. Valencia
and its relation to the mechanism of nectar secretion. Annals of
Botany 37:1–9.

Radford AE, Dickison WC, Massey JR, Bell CR. 1974. Vascular plant sys-
tematics. New York: Harper & Row.

Raju KI, Gopal NH. 1979. Distribution of caffeine in arabica and robusta
coffee plants. Journal of Coffee Research 9:83–90.

Roland JC. 1978. General preparations and staining of thin sections.
In: Hall JL, ed. Electron microscopy and cytochemistry of plant
cells. New York: Elsevier, 1–62.

Silva EMJ, Machado SR. 1999. Ultrastructure and cytochemistry of
pearl gland in Piper regnellii (Miq.) C. DC. – Piperaceae. Nordic
Journal of Botany 19:623–634.

Silvarolla MB, Mazzafera P, Fazuoli LC. 2004. A naturally decaffeinated
arabica coffee. Nature 429:826.

Thomas V, Dave Y. 1989. Histochemistry and senescence of colleters
of Allamanda cathartica (Apocynaceae). Annals of Botany 64:
201–203.

Thomas V, Dave Y. 1990. Structure and necrosis of stipular colleters in
Mitragyna parvifolia (Rubiaceae). Belgian Journal of Botany 123:
67–72.

Thomas V, Dave Y, Menon ARS. 1989. Anatomy and histochemistry of
colleters in Roupelia grata (Apocynaceae). Nordic Journal of
Botany 8:493–496.

Wagner H, Bladt S, Zgainski EM. 1984. Plant drug analysis – a thin layer
chromatography. Atlas, NY: Springer.

AoB PLANTS www.aobplants.oxfordjournals.org & The Authors 2013 13

Mayer et al. — A functional role for the colleters of coffee flowers



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


