BIOCELL
2008, 32(1): 33-39

ISSN 0327 - 9545
PRINTED IN ARGENTINA

A cryopreservation protocol for immature zygotic embryos of
species of Ilex (Aquifoliaceae)
LUIS A. MROGINSKI*, PEDRO A. SANSBERRO, ADRIANA M. SCOCCHI, CLAUDIA LUNA AND HEBE Y. REY
Instituto de Botánica del Nordeste (IBONE), Facultad de Ciencias Agrarias (UNNE), C.C. 209. (3400) Corrientes, Argentina

Key words: encapsulation-dehydration, germplasm preservation, liquid nitrogen, Ilex

ABSTRACT: Tropical Ilex species have recalcitrant seeds. This work describes experiments demonstrating
the feasibility of long-term conservation of Ilex brasiliensis, I. brevicuspis, I. dumosa, I. intergerrima, I.
paraguariensis, I. pseudoboxus, I. taubertiana, and I. theezans through cryopreservation of zygotic rudimentary embryos at the heart developmental stage. The embryos were aseptically removed from the seeds and
precultured (7 days) in the dark, at 27± 2ºC on solidified (0.8% agar) 1/4MS medium, [consisting of quarterstrength salts and vitamins of Murashige and Skoog (1962) medium] with 3% sucrose and 0.1 mg/l Zeatin.
The embryos were then encapsulated in 3% calcium alginate beads and pretreated at 24 h intervals in liquid
medium supplemented with progressively increasing sucrose concentrations (0.5, 0.75 and 1 M). Beads were
dehydrated for 5 h with silicagel to 25% water content (fresh weight basis) and then placed in sterile 5 ml
cryovials. Then the beads were either plunged rapidly in liquid nitrogen were they were kept for 1 h (rapid
cooling) or cooled at 1ºC min-1 to -30ºC. Then the beads were immersed in liquid nitrogen for 1 h (slow
cooling). The beads were rewarmed by immersion of the cryovials for 1 min in a water bath thermostated at
30ºC. Finally, beads were transferred onto culture medium (1/4MS, 3% sucrose, 0.1 mg/l zeatin, solidified
with 0.8% agar) and incubated in a growth room at 27 ± 2ºC under a 14 h light (116 μmol. m-2.s-1)/ 10 h dark
photoperiod. Maximum recovery percentages between 15 and 83% (depending on de the species and the
treatment) were obtained with the cryopreserved embryos.

Introduction
The genus Ilex belongs to the Aquifoliaceae family, which consists of about 600 species that inhabit temperate and tropical regions of the world. They are generally deciduous or evergreen trees or shrubs (Hu, 1989).
Although most of them are found in Asia, approximately
220 species are found in South America (Giberti,1995;
Loizeau, 1994).
From an economical point of view, the “mate tree”
(Ilex paraguariensis) is a very important tree in South
America, mainly because of the value of its leaves for
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making the stimulatory beverage “mate”, a tea-like infusion with a high caffeine and theobromine content
(Filip et al., 1998). I. paraguariensis grows spontaneously and is also extensively cultivated in North-Eastern Argentina, Eastern Paraguay, and South-eastern
Brazil (Giberti, 1995). Other Ilex species (I. aquifolium,
I. cornuta, I. opaca and I. crenata) generally named
“hollies” are cultivated for producing Christmas trees
or for landscaping (Hu, 1989). I. vomitoria and I.
tarapotina are also used in infusions (Loizeau, 1994).
Regarding the possibilities for germplasm conservation, most of the tropical and subtropical Ilex species
present two major constraints: 1) They usually have
seeds with rudimentary embryos that remain at the immature heart-shaped stage for a long time after the fruits
reach maturity (Hu, 1989; Niklas, 1987) and, therefore,
the percentage of seed germination is very low (Fontana
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et al., 1990). Embryo culture has proved to be a very
useful tool to solve this problem (Hu, 1975, 1976, 1989;
Sansberro et al., 1998, 2001). 2) They have seeds which
are highly sensitive to desiccation and cold. In other
words, according to Roberts (1973), the seeds are recalcitrant and, therefore, unsuitable for the dry and/or
cold seed storage procedures traditionally employed for
germplasm conservation (Engelmann, 1991). Thus, the
germplasm of Ilex spp. is conserved as whole plants in
field collections. With this storage method, the genetic

resources are exposed to diseases, pests and natural hazards such as human error, drought, and weather damage. In addition, field genebanks are costly to maintain,
and trained personnel requirements are very important
(Engelmann, 1991; Withers and Engelmann, 1998). This
highlights the need to develop protocols for in vitro conservation. Cryopreserved storage in liquid nitrogen at 196ºC appears as a viable option for long-term
germplasm conservation of recalcitrant seeds (Engelmann, 2000; Scocchi and Rey, 2004).

FIGURE 1. Plant regeneration from cryopreserved zygotic embryos of Ilex paraguariensis. Vertical bars represent 1mm (A and B), 1 cm (C) and 10 cm (D). A. seed showing a zygotic embryo at the heart developmental
stage (arrow). B. germination of an encapsulated embryo. C. regenerated seedling. D. plants transferred to soil.
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Although research on the development of cryopreservation techniques has been conducted with various explants of numerous plant species (Engelmann,
2000), only one preliminary report exists on cryopreservation of Ilex species (Mroginski et al., 2006).
The research presented in this paper was aimed at
developing a cryopreservation procedure for eight Ilex
species using immature zygotic embryos and recovering
plants through in vitro culture of these immature embryos.

Materials and Methods

and then washing them three times with sterilized water.
Rudimentary embryos (0.18-0.26 mm in length) at the
heart developmental stage (Fig. 1A) were aseptically removed under a stereomicroscope under the laminar flow
and were used in the cryopreservation experiments.
Preculture
Preculture of excised embryos consisted of a 7-day
culture in the dark, at 27 ± 2ºC, on solidified (0.8%
agar) 1/4MS medium [consisting of quarter-strength
salts and vitamins of Murashige and Skoog (1962) medium] with 3% sucrose and 0.1 mg/l zeatin.

Plant materials
Experiment 1
Immature fruits (drupes), 2-3 months after pollination, of Ilex brasiliensis, I. brevicuspis, I. dumosa, I.
intergerrima, I. paraguariensis, I, pseudoboxus, I.
taubertiana, and I. theezans were collected from trees
planted in the experimental station of INTA Cerro Azul
(Misiones, Argentina). The fruits were cold-pretreated
(two weeks at 4ºC) and afterwards they were surfacesterilized according the protocol of Sansberro et al.
(2001). The protocol consisted of soaking the fruits in
70% ethanol for 5 min, followed by immersion in 1.8%
sodium hypochlorite solution containing two drops of
Triton X-100® (Merck, Darmstadt, Germany) for 30 min,

Cryopreservation protocol for Ilex paraguariensis
After preculture, embryos were encapsulated in 3%
calcium alginate. For pretreatment, encapsulated embryos (beads approximately 4-5 mm in diameter) were
transferred at 27 ± 2ºC with 24 h intervals in liquid
medium supplemented with progressively increasing
sucrose concentrations (0.5, 0.75, and 1 M). The beads
were then dehydrated for 5 h with silicagel to 25% water content (fresh weight basis). Dried beads were placed
in sterile 5 ml cryovials (10 beads/cryovial) and either

TABLE 1.
Effect of cryopreservation by encapsulation/dehydration of Ilex paraguariensis rudimentary embryos on their in vitro germination after 60 days in culture on nutrient medium (1/4MS, 3%
sucrose and 0.1 mg/l zeatin).
Treatment

encapsulation

Pretreatment
with sucrose

Dehydration

Slow
cooling

Rapid
cooling

% Embryos
forming plants1

1
2
3
4
5
6
7
8
9
10
11

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
-

+
+
+
+
-

+
+
+
+

+
+
+
+
-

50 ± 5bc 2)
44 ± 8bc
33 ± 12ab
27 ± 3a
50 ± 5bc
0a
0a
57 ± 8bc
67 ± 8c
7 ± 3a
7 ± 3a

1) Values are mean % ± SE; 2) Means in each column followed by different letters are statistically different according to
Tukey’s Multiple Comparison Test with p < 0.005.
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plunged rapidly in liquid nitrogen were they were kept
for 1 h (rapid cooling) or cooled at 1ºC min-1 to -30ºC
(using a Controller Rate Freezing System, Gordiner
Electronics, Inc., USA) and then immersed in liquid
nitrogen for 1 h (slow cooling). The beads were rewarmed by immersing the cryotubes in a water bath
thermostated at 30ºC for 1 min. Finally, the beads were
transferred to culture medium (1/4MS, 3% sucrose, 0.1
mg/l zeatin, solidified with 0.8% agar) and incubated
in a growth room at 27 ± 2ºC under a 14 h light (116
μmol. m-2.s-1)/10 h dark photoperiod.
Experiment 2
Cryopreservation protocol for Ilex spp. Based on the
results obtained in experiment 1, other experiments were
performed using seven additional Ilex species. Both
procedures, slow and rapid cooling, were tested.
Survival assessment and statistical analysis of results
Survival of the embryos was evaluated 60 days after freezing by counting the number of embryos that
developed into plantlets. Experiments were performed
with 10 embryos/treatment and replicated three times.
The mean and standard error for each treatment are summarized in Tables 1 and 2. Data were analyzed by analy-

sis of variance (ANOVA) using Tukey’s Multiple Comparison test (p<0.05) for data comparison.

Results
Experiment 1.
The results of cryopreservation of Ilex paraguariensis embryos (Table 1) permit the following five
points to be made:
1) Excision and in vitro culture had no detrimental
effect on the embryos because 50% of them germinated and developed into plants (Treatment 1). This
percentage is similar to that reported by Sansberro
et al. (1998) with the culture of non-treated embryos. Similarly, encapsulation of the embryos
(Treatment 2) did not have inhibitory effects on the
percentage of embryos that formed plants.
2) The survival of control (non-frozen) embryos
ranged between 33 and 50%, while, after freezing,
survival of embryos ranged between 0 and 67%.
3) After freezing, no survival (Treatments 6 and 7) or
only 7% survival (Treatments 10 and 11) was
achieved with nondehydrated embryos, while, with
dehydrated embryos, as much as 67% of the embryos formed plants (Treatment 9).

TABLE 2.
Effect of cryopreservation by encapsulation/dehydration of Ilex spp. rudimentary embryos on their in
vitro germination after 60 days culture on nutrient medium (1/4MS, 3% sucrose, and 0.1 mg/l zeatin)

I. taubertiana

I. pseudoboxus

1

-

-

-

-

56 ± 8ab

8 ± 3b

74 ± 13b

27 ± 12a

23 ± 8a

10 ± 10a

67 ± 3b

2

+

+

-

+

47 ± 13ab

15 ±7b

67 ± 6b

50 ± 11a

7 ± 3a

24 ± 12a

65 ± 15b

3±3

83 ± 8

14 ± 7

10 ± 5

18 ± 8

20 ± 5a

Treatment Pretreatment Encapsulation/ Slow
Rapid
with
dehydration cooling cooling
sucrose

3

+

+

+

-

37 ± 6

4

-

+

-

+

67 ± 3b

0a

-

23 ± 6

3 ±3

5

-

+

+

ab

a

a

a

b

a

a

I. theezans

I. dumosa

I. intergerrima

I. brevicuspis

I. brasiliensis

% of embryos forming plants1

a

30 ± 15a

40 ± 11a

33 ± 3a

10 ± 5a

40 ± 15ab

27 ± 8

13 ± 3

27 ± 12

10 ± 10

0a

a

a

a

a

1) Values are % ± SE; 2) Means in each column followed by different letters are statistically different according to
Tukey’s Multiple Comparison Test with p < 0.005
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4) Pretreatment with sucrose did not improve germination of frozen embryos.
5) If frozen embryos had been previously dehydrated,
none of the cooling procedures (slow and rapid
freezing, Treatments 8 and 9) induced significant
differences in the percentage of embryos that
formed plants.
As a consequence of the results, shown in Table 1,
the procedure selected for cryopreserving Ilex
paraguariensis zygotic embryos comprised: encapsulation in calcium alginate beads followed by dehydration of beads to 25% water content (fresh weight basis)
and direct cooling in liquid nitrogen. With this treatment, after 1-2 weeks of reculture the cryopreserved
embryos germinated (Fig. 1B) and the plants obtained
(Fig. 1C) were successfully transferred to soil (Fig. 1D).
Experiment 2.
The results obtained (Table 2) with cryopreserved
(following encapsulation and dehydration) embryos of
seven Ilex species permit the following five points to
be made:
1) Most of the treatments employed, independent of
the species, permitted that plants to recover when
embryos were recultured.
2) Although cryopreserved embryos of all Ilex species tested formed plants when recultured, the maximum values varied depending on the species and

ranged between 15% (I. brevicuspis) and 83% (I.
dumosa).
3) In all Ilex species tested, the results achieved with
the best treatments were not significantly different
from the results obtained with non-frozen controls.
4) The sucrose pretreatment, independent of the cooling procedure (slow or rapid), was ineffective with
the exception of I .brevicuspis and I. dumosa, for
which sucrose pretreatment significantly increased
the percentage of embryos developing into plants.
5) With five out of the seven Ilex species tested, the
results did not show significant differences when
slow or rapid cooling was employed. However, with
I. brasiliensis, rapid cooling of non sucrose-pretreated embryos allowed for better plant recovery
than slow cooling. Similarly, in I. theezans, rapid
cooling of sucrose-pretreated embryos led to the
highest percentage of embryos forming into plants
when compared with slow cooling.

Discussion
In this paper, we report, for the first time, the recovery of whole plants from zygotic embryos of eight subtropical Ilex species (including the economically most
important Ilex paraguariensis) after cryopreservation. It
is interesting to note that the percentages of embryos
forming into plants that were obtained in this work were
superior to the percentages obtained by Mroginski et

TABLE 3.
Procedures recommended for cryopreservation of encapsulated and dehydrated zygotic embryos of
eight Ilex plant species (X= procedure recomended).
group

I

Plant species
I. paraguariensis
I. brasiliensis
I. intergerrima
I. pseudoboxus
I. taubertiana
I. theezans

Pretreatment with sucrose

Slow cooling

Rapid cooling

----

----

X

II

I. brevicuspis

X

----

X

III

I. dumosa

X

X

----
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al. (2006). In this study, zygotic embryos of eight Ilex
species extracted from fruits directly frozen in liquid
nitrogen (rapid cooling) did not regenerate plants. Plants
were obtained only with five Ilex species (with recovery percentages between 3 to 23% depending on the
species) when embryos were extracted from fruits frozen slowly in liquid nitrogen (slow cooling).
The optimal cryopreservation procedure we recommend varies depending on the species (Table 3). With
Ilex paraguariensis, although the results obtained with
rapid cooling did not differ significantly from those
obtained with slow cooling, we recommend the use of
rapid cooling because it is simpler than slow cooling.
For the same reason, we recommend rapid cooling without sucrose pretreatment with for I. brasiliensis, I.
pseudoboxus, I. taubertiana, I. theezans and I.
intergerrima. However, for I. brevicuspis, we recommend rapid cooling with sucrose pretreatment. Finally,
for I. dumosa, the best plant regeneration percentage
was obtained when embryos that were pretreated with
sucrose and then cooled slowly. Several reports have
shown that differences are often observed between species and between varieties or clones of the same species
in their behavior when different explants are cryopreserved (Reed, 1993, 2000; Lambardi et al., 2004).
Dehydration of zygotic embryos before freezing is
fundamental for successfully using this technique. These
results are consistent with those obtained for other plant
species such as Melia azedarach (Scocchi et al., 2004)
and Oncidium bifolium (Flachsland et al., 2006). On the
other hand, sucrose pretreatment, which proved effective
for numerous tropical plant species (Takagi, 2000), was
necessary only for I. brevicuspis and I. dumosa.
These results demonstrate that immature zygotic
embryos of all the Ilex species tested can still express
their plant regeneration capacity after freezing in liquid
nitrogen. Cryopreservation can therefore be considered
a potential technique for long-term germplasm storage
to complement field germplasm preservation. However,
survival of some of the Ilex species tested (I. brevicuspis,
I. taubertiana, and I. pseudoboxus) in this study was
still very low. Higher recovery percentages after freezing should be achieved in order to envisage using
cryopreservation for the long-term storage of Ilex spp.
germplasm. In all the Ilex species employed in this study,
the highest recovery percentages obtained with
cryopreserved embryos were not significantly different
from those obtained with control embryos. Improvements in the recovery percentage of in vitro cultured
Ilex embryos might be achieved by selecting the optimal developmental stage of the embryos and/or by modi-
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fying the culture conditions (composition of culture
medium, environmental conditions).
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