
Cor re la tion of se quen tial flo ral and male gametophyte de vel op ment and

pre lim i nary re sults on an ther cul ture in Opuntia ficus-in dica
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Ab stract

Be fore ap proach ing an ther cul ture as a tool to trig ger an
androgenic re sponse in a new spe cies, it is ad vis able to char ac -
ter ize and cor re late flower and male gametophyte de vel op -
ment to en able re pro duc ible iden ti fi ca tion of the ap pro pri ate
start ing ma te rial. Buds and flow ers of Opuntia ficus-in dica cv.
Gialla were clas si fied in eight stages ac cord ing to their to tal
length at the ear lier stages and the length of the co rolla in flow -
ers with emerg ing se pals. Due to the low con den sa tion of
chromatin in the microspore nu cleus as well as in the veg e ta -
tive nu cleus of the bi- and tricellular pol len along with the high
autofluo rescence of the in tri cate exine, DAPI stain ing turned
out not to be fea si ble in this spe cies. There fore an ap proach
based on light-mi cros copy ob ser va tion of semithin sec tions
was used. These sec tions were stained with toluidine blue for
gen eral struc ture rec og ni tion and I2KI to study starch de po si -
tion. Cor re la tions were made be tween the se quen tial flo ral and
male gametophyte de vel op ment. Us ing this ap proach we de -
ter mined the tim ing of pol len for ma tion and ob served that pol -
len de vel op ment is im paired in plants pro duc ing seed less
fruits. Fur ther more, an ther cul ture was car ried out with an thers 
col lected from flower buds at stages 2 and 3. Most of the an -
thers pro duced cal lus, how ever no re gen er a tion was ob tained.

In tro duc tion

Opuntia ficus-in dica L. Mill., na tive of Mex ico, is
cul ti vated for its fruits as well as a for age crop for
an i mals. In It aly, it is mainly spread in Sic ily. This
spe cies per fectly adapted to arid zones char ac ter -
ized by droughty con di tions, er ratic rain fall and
poor soils sub jected to ero sion. Its tax on omy is dif -
fi cult to es tab lish for a num ber of rea sons: the phe -
no types, which vary greatly ac cord ing to eco log i -
cal con di tions; the high num ber of pop u la tions with 
dif fer ent ploidy and veg e ta tive and/or sex ual re pro -
duc tive mode, as well as the ex is tence of nu mer ous
hy brids (Reynolds and Arias 2001). In It aly, the
pop u la tion of prickly pear is prin ci pally com posed
of three ecotypes or va ri et ies: “Gialla”, “Rossa”
and “Bianca”, which are char ac ter ized by dif fer ent
fruit skin colours, and all of them have a high de -
gree of heterozygosity and vari abil ity, e.g. re gard -
ing the quan tity of seeds per fruit (seed less plants
and parthenocarpy) (Weiss et al. 1993). 

Opuntia ficus-in dica L. Mill. breed ing to de velop
new cultivars was ham pered by some re pro duc tive

687

ACTA

PHYSIOLOGIAE

PLANTARUM

Vol. 27. No. 4B. 2005: 687-694

Pablo González-Melendi1, María Antonietta Germanà2,  Nathalie Levy Guarda2, Benedetta 

Chiancone2, María Carmen Risueño1 
 

1 Centro de Investigaciones Biológicas (CSIC). C/ Ramiro de Maeztu 9. 28040-Madrid. Spain, corresponding 
Author e-mail: risueno@cib.csic.es 
2 Dipartimento SENFIMIZO, Sez. Frutticoltura Mediterranea, Tropicale e Subtropicale. Facoltà di Agraria, 
Università degli Studi di Palermo. Viale delle Scienze 11, 90128 Palermo, Italy 



as pects such as cleistogamy, nucellar embryony
and a low seed ger mi na tion rate (Chessa and
Nieddu 2002, Chessa et al. 2000). Bio tech nol ogy
rep re sents a valid tool to im prove the speed and the
ef fi ciency of the tra di tional breed ing meth ods. Lit -
tle re search has been car ried out on tis sue cul ture in
Opuntia such as the es tab lish ment of cal lus and cell 
sus pen sion cul tures (Llamoca-Zarate et al. 1999)
as well as stud ies on the in duc tion of em bry onic
glob u lar struc tures (Pinheiro da Costa et al. 2001). 

Hap loid plants, with a gametophytic set of chro -
mo somes in the sporophyte, and ho mo zy gous dou -
bled hap loid plants are of in ter est for ge netic and
de vel op men tal stud ies as well as for plant breed ing. 
In fact they can be po ten tially em ployed in se lec -
tion, mu ta tion re search, ge netic anal y sis and
genetic transformation.

An ther or iso lated microspore cul ture are the most
ef fec tive and widely used method of pro duc ing
hap loids and dou bled hap loids (Heberle-Bors
1985).

In vi tro pol len embryogenesis is af fected by nu -
mer ous fac tors: ge no type, pre treat ment ap plied to
an thers or to flo ral buds, pol len de vel op men tal
stage, do nor plant growth con di tions, cul ture me -
dia, and con di tions of in cu ba tion (Touraev et al.
1997). Re gard ing the stage of pol len de vel op ment,
it was ob served that only cer tain, im ma ture stages
are ame na ble to cell re pro gram ming to wards pro -
lif er a tion and embryogenesis. When aim ing to ap -
ply this tech nol ogy to a new spe cies, a stag ing of
pol len de vel op ment is needed to limit the num ber
of explants to be tested in vitro.

The pres ent re search was car ried out to study the
cor re la tion of se quen tial flo ral and male game -
tophyte de vel op ment and to in ves ti gate the re spon -
se to in vi tro cul ture of an thers col lected from
flower buds of two dif fer ent can di date stages of
development.

Ma te rial and meth ods

Plant ma te rial

Flower buds and flow ers of dif fer ent sizes of
Opuntia ficus in dica, cv. “Gialla” were col lected in

spring 2004 from plants grow ing in open fields in
in land Sic ily. Fruit-seeded and fruit-seed less plants 
were se lected as sam ple source. The spec i mens
were kept re frig er ated and trans ported to the lab o -
ra tory for clas si fi ca tion ac cord ing to the to tal
length of the buds and also to the length of the co -
rolla in flow ers with emerging sepals.

Sam ple fix a tion and pro cess ing 

The an thers were care fully ex cised from the flow -
ers and fixed in 4 % form al de hyde in phos pha -
te-buf fered sa line (PBS), pH 7.4 over night at 4 °C.
Af ter wash ing in PBS, the sam ples were de hy -
drated in a se ries of meth a nol of in creas ing con cen -
tra tion with a pro gres sive low er ing of tem per a ture
(PLT) in a LEICA AFS de vice (Coronado et al.
2002) and in fil trated in LRwhite resin (Agar Sci en -
tific) at –20 °C, as pre vi ously de scribed (González -
-Melendi and Shaw 2002). Poly meri sa tion of the
resin was per formed at the same tem per a ture un der
UV light. 

Light mi cros copy

Form al de hyde-fixed an thers were stained with a
10 µg·ml-1 DAPI so lu tion con tain ing 1 % Tween
20, for dif fer ent times and in cu bated ei ther at room
tem per a ture or at 4 °C. Then, the an thers were
washed in wa ter and squashed onto slides. The
prep a ra tions were ob served on a Zeiss flu o res cence 
mi cro scope un der UV light. Sec tions of 1 µm from
resin-em bed ded spec i mens were col lected on
slides. These were ei ther un stained and ob served
un der phase con trast or stained and ob served un der
bright field. To stain the sec tions we used a 0.1 %
toluidine blue so lu tion in wa ter, for gen eral struc -
ture ob ser va tion, and I2KI , to de tect starch ac cu -
mu la tion (O'Brien and McCully 1981). Pho to -
graphs were taken in a Leitz photomicroscope
equipped with a dig i tal cam era (Olym pus DP 10).

An ther cul ture

Af ter cold pre-treat ment for 15 days at 4 °C, flower 
buds of stages 2 and 3 (Ta ble) were ster il ized by im -
mer sion for 15 min in 70 % (v/v) eth a nol fol lowed
by im mer sion in a so dium hypochlorite so lu tion
(about 0.5 % ac tive chlo rine in wa ter) and a few
drops of Tween 20 for 20 min and fi nally 3 rinses
each of 5 min with ster ile, dis tilled wa ter. The pet -
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als were asep ti cally re moved with small for ceps
and the an thers care fully dis sected and placed in
6-cm di am e ter Petri dishes con tain ing 10 ml of
solid in duc tion me dium (Ger manB and Chiancone
2003). About 50 an thers were placed in each Petri
dish and 15 dishes were pre pared for each de vel op -
men tal stage (2 and 3). The Petri dishes were sealed
with parafilm, in cu bated at 27±1 °C, for 30 days in
the dark and then placed un der cool white flu o res -
cent lamps (Philips TLM 30W/84) with a photo -
synthetic pho ton flux den sity of 35 µmol·m-2·s-1

and a photoperiod of 16 hours.

Af ter 7 months in cul ture, an thers with cal lus,
opened, not-de vel oped and swol len were counted.
Anal y sis of vari ance us ing Fischer’s LSD test at the 
95 % con fi dence level was applied. 

Re sults and dis cus sion

Male gametophyte de vel op ment

The spec i mens col lected from the fields were clas -
si fied in three groups based on qual i ta tive, eas -
ily-re cog nised fea tures for a rapid, in-field se lec -

tion. Then, for a fur ther and more pre cise clas si fi ca -
tion, eight classes of buds and flow ers were de ter -
mined ac cord ing to their to tal length and also to the
length of the co rolla of flow ers with emerg ing se -
pals (Table). The first group in cluded stages 1 to 4
(Fig. 1a-c), cor re spond ing to buds of dif fer ent sizes
with small, white an thers in side. The sec ond group
cor re sponded to stages 5 to 7 (Fig. 1d-f), rep re -
sented by flow ers of dif fer ent sizes with emerg ing
se pals and yel low an thers. The third group co in -
cided with stage 8 (Fig. 1g), cor re spond ing to open
flowers with yellow anthers. 

To find out the se quen tial pol len de vel op men tal
phases within these eight stages, DAPI stain ing
was at tempted which is an easy, rapid and low cost
method of stag ing based on the spe cific la bel ling of
DNA (Vergne et al. 1987). The in ten sity of flu o res -
cence is a lin ear func tion of the de gree of chromatin 
con den sa tion. Then, the num ber of nu clei, their rel -
a tive po si tion and, prin ci pally, the dis tinc tion be -
tween the veg e ta tive and gen er a tive nu clei of the
pol len grain based on their dif fer ent pat tern of
chromatin con den sa tion (Testillano et al. 2005) can 
be de ter mined. Al though DAPI stain ing has been
suc cess fully ap plied to char ac ter ise pol len de vel -
op ment in dif fer ent spe cies (Ramírez et al. 2003)
and to study diploidization in microspore-de rived
embryogenesis (González-Melendi et al. 2005), its
use is not al ways pos si ble. This ap pears to be the
case in the spe cies stud ied in the pres ent re port. Af -
ter long treat ments with DAPI, even over night at 4
°C, no stain ing was ob served. Occasionally, at late
stages of flo ral de vel op ment one or two small, flu o -
res cent foci could be ob served. Ear lier stages did
not show any stain ing. Only the autofluorescence
of the in tri cate exine of the pol len grain of Opuntia
was clearly re cog nised (Fig. 2). 

As an al ter na tive to cor re late the flo ral and male
gametophyte de vel op ment, the spec i mens can be
em bed ded in a resin and sliced in semithin sec tions
for light mi cros copy ob ser va tions. There is a wide
range of em bed ding pro to cols and me dia de pend -
ing on the fi nal use of the prep a ra tions and the res o -
lu tion of the study, ei ther light or elec tron mi cros -
copy. We chose a low-tem per a ture em bed ding pro -
to col that com bines good struc tural and bio chem i -
cal pres er va tion of the spec i mens and can be used
for light and elec tron mi cros copy ob ser va tions.
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Ta ble. Clas si fi ca tion of buds and flow ers ac cord ing to mor -
pho log i cal fea tures as il lus trated in fig ure 1. Buds and flow ers
were clas si fied in three main cat e go ries: a) Buds with out
emerg ing se pals and white an thers, b) Flow ers with emerg ing
se pals and yel low an thers and c) Open flow ers and yel low an -
thers for a rapid in-field se lec tion. Then a more care ful dis sec -
tion of flo ral de vel op ment showed eight classes of buds and
flow ers ac cord ing to mea sur able fea tures (to tal length and
length of the co rolla) to study its correlation with pollen
development.

Stages To tal length (cm) Co rolla length (cm)

Buds with out emerg ing se pals. White an thers

1 1.5 – 1.8

2 1.9 – 2.7

3 2.8 – 3.1

4 3.2 – 3.8

Flow ers with emerg ing se pals. Yel low an thers

5 3.9 – 4.8 0.65 – 0.75

6 4.9 - 6 0.8 -1

7 6.1 – 6.8 1.1 – 1.3

Open flow ers. Yel low an thers
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This ap proach has been re cently re ported in Cap si -
cum to com pare the gametophytic de vel op ment
with the ear li est events of microspore-de rived
embryogenesis (Bárány et al. 2005) and for cor re -
la tive light and elec tron mi cros copy ob ser va tion of
the same spec i mens in Hordeum vulgare pro-em -
bryos of dif fer ent ploidy (González-Melendi et al.
2005). Al though more time con sum ing, this me -
thod pro vides a more de tailed in for ma tion about
the phys i o log i cal state of the spec i mens than DAPI
stain ing since not only the nuclei but also many
cytological aspects of the cytoplasm can be ob ser -
ved. 

Dif fer ent phases of mei o sis, up to the tetrad, were
found in the first group of buds (stages 1-4, Fig.
1h-i). The nu clei of the micro spores at the tetrad
stage showed a highly decondensed pat tern of
chromatin af ter toluidine blue stain ing. How ever,
in other spe cies such as Cap si cum annuum, large

patches of con densed chromatin can be found at
this stage (González-Melendi et al. 2000). The free
young microspore stage (af ter dis so lu tion of the
callose, which keeps the micro spores clus tered to -
gether in the tetrad) seems to be very short since it
was not de tected in our sam ples and might be found
in the tran si tion phase from stage 4 to 5, the lat ter
be ing char ac ter ised by the vacuolate microspore
(Fig. 1j) with a large vac u ole in the cy to plasm that
polar ises the po si tion of the nu cleus. The chromatin 
is decondensed and the nu cle o lus shows an ar chi -
tec ture (a big vac u ole of ac tiv ity in the cen tre of the
nu cle o lar body) which an nounces the G2 phase of
the cell cy cle of the microspore (RisueZo and Me -
dina 1986). Then an asym met ric di vi sion (pol len
mi to sis I) oc curs, which pro duces the un equal veg -
e ta tive and gen er a tive cells of the bicellular pol len
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← Fig. 1a-g: Se quen tial stages of flo ral de vel op ment in
Opuntia ficus in dica ac cord ing to Ta ble 1. Flower buds. a:
stage 1; b: stage 2; c: stage 3. Flow ers with emerg ing se pals. d:
stage 5; e: stage 6; f: stage 7. Open flow ers. g: stage 8. h-s:
Semithin sec tions across an thers from dif fer ent flo ral stages. h:
meiocytes at stages 1/2. Toluidine blue stain ing. i: tetrad at
stages 3-4. Toluidine blue stain ing. Three micro spores (as ter -
isks) are clus tered to gether by a wall of callose (c). The pat tern
of chromatin (chr) is deconensed. j: late vacuolate microspore
at stage 5. Phase con trast. A large vac u ole (v) pushes the cell
nu cleus to wards the cell wall. The nu cle o lus (nu) shows a large
vac u ole of ac tiv ity (clear area in side) that is a typ i cal fea ture of
cells in the G2 phase of the cell cy cle. The exine (ex) shows an
in tri cate pat tern. k: young bicellular pol len grain right af ter pol -
len mi to sis I (stage 5), show ing the large veg e ta tive (vc) and the 
small gen er a tive (gc) cells. Phase con trast. l: Bicellular pol len
grain at stage 6 with the small gen er a tive cell (gc) en gulfed
within the veg e ta tive cell (vc). Phase con trast. m: I2KI stain ing
on a con sec u tive sec tion of the same pol len grain shown in l
shows some starch de po si tion on small foci in the veg e ta tive
cy to plasm. n: Tricellular pol len grain at stage 7 show ing the
two sperm cells (spc) close to gether. Toluidine blue stain ing. o: 
De tail of a veg e ta tive nu cleus (vn) at stage 7, show ing a
decondensed pat tern of chromatin (chr) and a mod er ately ac -
tive nu cle o lus. Toluidine blue stain ing. p: I2KI stain ing at stage
7 shows that starch ac cu mu la tion spreads to the whole cy to -
plasm of the veg e ta tive cell. Its red dish col our in di cates a re -
cent for ma tion. q: Tricellular pol len grain at stage 8 Toluidine
blue stain ing. r: Close up of the sperm cells (spc) lo cated apart
from each other in the veg e ta tive cy to plasm. The nu clei of the
sperm cells show some patches of con densed chromatin (ar -
row heads) and a com pact nu cle o lus. s: I2KI stain ing shows
starch ac cu mu la tion through the cy to plasm of the veg e ta tive
cell. Its dark col our in di cates that starch de po si tion has been
com pleted. Bars (h – s) = 1 µm.

Fig. 2. In tri cate pat tern of the autofluorescent exine of a micro -
spore (DAPI stain ing). Bar = 1 µm

Fig. 3. In flu ence of de vel op men tal stage on in vi tro an ther cul -
ture. Within each an ther type, val ues with dif fer ent let ters are
sig nif i cantly dif fer ent at p<0,05 (Fischer’s LSD test 



grain (Fig. 1k). At stage 6, the gen er a tive cell de -
taches from the cell wall and moves into the cy to -
plasm of the veg e ta tive cell (Fig. 1l). Starch ac cu -
mu la tion starts in the veg e ta tive cy to plasm at this
de vel op men tal stage, as ob served af ter I2KI stain -
ing (Fig. 1m). Pol len mi to sis II oc curs at stage 7
(Fig. 1n-p). Two sperm cells, next to each other, can 
be ob served sur rounded by the veg e ta tive cy to -
plasm (Fig. 1n). This is the tricellular pol len stage.
When the sec tions are stained with toluidine blue,
the veg e ta tive nu cleus shows highly decondensed
chromatin (Fig. 1o). Starch de po si tion be comes
more ev i dent and abun dant at this stage. The red -
dish col our in di cates newly formed starch (Fig.
1p). In open flow ers (stage 8) we found ma ture tri -
cellular pol len grains (Fig. 1q) with highly abun -
dant starch stain ing of dark col our (Fig. 1s), which
in di cates that starch ac cu mu la tion had al ready
ceased. The sperm cells are sep a rated to each other.
Their nu clei con tained com pact nu cle oli and
patches of con densed chromatin (Fig. 1r). This

might ex plain the faint
DAPI stain ing ob served at
this stage in our for mer tri -
als. At ear lier stages, the
nu clei of the micro spores
and veg e  ta  t ive cel ls
showed highly dis persed
chromatin, which likely
made the visu ali sa tion of
DAPI stain ing dif fi cult un -
der  the highly auto  -
fluorescent exine (Fig. 2). 

In plants pro duc ing seed -
less fruits, pol len de vel op -
ment was im paired. At flo -
ral stages cor re spond ing to
tricellular pol len ac cord -
ing to  the t im ing in
seed-form ing plants, fur -

ther de vel op men tal phases than vacuolate micro -
spores were not ob served. Thus, no func tional pol -
len would be avail able for fer ti li sa tion at anthesis.
In such plants, fruit set could only be ex plained by
parthenocarpy as re ported to oc cur in this spe cies
(Weiss et al. 1993, Chessa and Nieddu 2002). 

In vi tro an ther cul ture

A high per cent age of an thers col lected from flower
buds of stage 2 in fer tile plants did not un dergo any
mod i fi ca tion (non-de vel oped an thers). A very low
per cent age of swol len an thers (Figs. 3, 4c) was reg -
is tered in the cul tures of stages 2 and 3 of fruit -
-seeded and seed less plants. An thers of stage 3
com pared to those of stage 2 de vel oped a sig nif i -
cantly higher per cent age of cal lus for ma tion in
both types of plants (49.5 % in fer tile and 96.0 % in
seed less ones). An thers col lected from seed less
plants showed higher cal lus pro duc tion (prob a bly
of so matic or i gin), com pared with seed-form ing
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Fig. 4. An ther at the stage 2 be fore
cul ture (a) and af ter 5 months of
cul ture (b-f); (b) white cal lus
formed by an an ther of a fer tile
plant, (c) swol len an ther, (d) yel -
low ish-white cal lus formed by an
an ther of a fer tile plant, (e) open
an ther, (f) red cal lus from an an ther 
of a seed less plant. 



plants (89.6 % in stage 2 and 96 % in stage 3, Fig.
3).

The ap pear ance of the calli ob tained from an thers
of the two plant types was quite dif fer ent (Fig. 4). In 
fer tile plants, calli were mainly yel low ish-white
(Figs. 4b, 4d) as pre vi ously re ported by Pinheiro da
Costa et al. (2001), who pro duced calli from in vi tro
ger mi nated zy gotic em bryos of Opuntia ficus-in -
dica. On the con trary, an thers col lected from plants
pro duc ing seed less fruits gave mainly red calli
(Fig. 4f). About 15 % of stage 3 an thers from fer tile
plants showed opened lobes re leas ing the micro -
spores onto the cul ture me dium (re ferred to as
’open‘ in Fig. 3) (Fig. 4e).

Con clu sions

The me thod i cal ap proach ap plied in this study per -
mit ted a de scrip tive anal y sis of pol len de vel op ment 
in a spe cies which turned out not to be ame na ble to
DAPI stain ing. By cor re lat ing flo ral with pol len de -
vel op ment we were thus able to se lect ap pro pri ate
start ing ma te rial for an ther cul tures aim ing to in -
duce androgenesis. The de tailed in for ma tion pro -
vided in the pres ent study was not avail able up to
date. Resin-em bed ding of spec i mens and sec tion -
ing was com pat i ble with cyto chemical stains to
visu al ise the subcellular or gani sa tion and the de tec -
tion of com po nents through out pol len de vel op -
ment. An ad di tional ad van tage of this ap proach is
that these sam ples can also be used for studies at
higher resolution using the electron microscope. 

The pre lim i nary study on an ther cul ture al lowed
the pro duc tion of calli, how ever no re gen er a tion
was ob tained thus far. Fur ther ex per i ments are in
prog ress to char ac ter ize the calli ob tained and to
regenerate plants.
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