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Abstract Conditions for induction of androgenesis

in coconut cv. Sri Lanka Tall were studied. Anthers

collected from inflorescences at four maturity stages

were given heat (38�C) or cold (4�C) pretreatments

for 1, 3, 6 and 14 days, either prior to or post

inoculation. Three different basal media and different

anther densities were also tested. Androgenesis was

observed only in anthers collected from inflorescenc-

es 3 weeks before splitting (WBS) and after a heat

pretreatment at 38�C for 6 days. Modified Eeuwens

Y3 liquid medium supplemented with 100 lM

2,4-dichlorophenoxyacetic acid (2,4-D), 0.1% acti-

vated charcoal and 9% sucrose was effective in

inducing an androgenic response. The lowest anther

density tested, 10 per petri plate, was found to be the

optimal density. When androgenic calli or embryos

were subcultured to Y3 medium containing 66 lM

2,4-D, followed by transfer to Y3 medium without

plant growth regulators and finally to Y3 medium

containing 5 lM 6-benzyladenine (BA) and 0.35 lM

gibberellic acid (GA3), plantlets regenerated at a

frequency of 7%. Histological study indicated that the

calli and embryos originated from the inner tissues of

the anthers. Ploidy analysis of calli and embryos

showed that they were haploid. This is the first report

of successful androgenesis yielding haploid plants

from coconut anthers.
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Abbreviations

BA Benzyladenine

CLZ Cambium like zone

2,4-D 2,4-dichlorophenoxyacetic acid

GA3 Gibberellic acid

NBB Naphthol blue black

PAS Periodic acid Schiff’s reaction

WBS Weeks before splitting
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Introduction

The coconut palm (Cocos nucifera L.), a monocot, is

grown as a plantation crop in more than 90 countries

for many uses. The tall cultivars are allogamous and

exhibit wide variation. Problems encountered with

conventional breeding of coconut are its long life

span and high heterozygosity that make plant breed-

ing a long, difficult and expensive process.

Production of homozygous lines will have a tremen-

dous impact on generating new cultivars through

breeding programs. In order to obtain homozygous

lines of coconut, breeders need to use self-fertiliza-

tion or backcrossing that may take 60 years by

conventional methods.

Androgenesis has been reported in more than 250

plant species, belonging to 100 genera and 40

families (Ochatt and Zhang 1996). However, in

woody species, androgenesis has had only limited

success (Peixe et al. 2004). The developmental stage

of the microspores is a critical factor that determines

the success of anther culture (Peixe et al. 2004;

Konieczny et al. 2003; Raina and Iyre 1983). Various

stress treatments have been necessary to block

gametophytic development and trigger pollen

embryogenesis in microspores (Reynolds 1997).

Few studies have been conducted on coconut

anther culture. Kovoor (1981) observed callus for-

mation in cultured coconut anthers at a low

frequency, while Iyer (1981) obtained many-celled

anther-derived proembryos that, however, failed to

develop further. Thanh-Tuyen and de Guzman (1983)

reported the development of embryos from pollen in

cultured anthers at less than 1%. Likewise, these

embryos showed no further development. Monfort

(1985) obtained a few anther-derived embryos exhib-

iting root tips and leaf primordia, but these structures

did not develop into plantlets. The present study was

undertaken to optimize techniques to develop haploid

plants of Cocos nucifera by anther culture.

Materials and methods

Culture media preparation and in vitro culture

conditions

Modified Eeuwens Y3 medium (Fernando and

Gamage 2000) was used as the basal medium (unless

otherwise stated). This was supplemented with

100 lM 2,4-D and 9% (w/v) sucrose. The pH was

adjusted to 5.8, after adding 0.1% (w/v) activated

charcoal (BDH acid washed) and the media were

autoclaved at 121�C for 20 min. This liquid medium

was used as the standard culture medium for induction

of androgenesis in all the experiments unless other-

wise stated. Ten anthers (unless otherwise stated)

were cultured in petri plates (100 9 10 mm), each

containing 25 ml of culture medium. The petri plates

were sealed with Parafilm and incubated in the dark at

28�C for 8 months.

Induction of androgenesis

Microspore developmental stage

Anthers excised from male flowers of 15–20 year old

coconut palms (cultivar Sri Lanka Tall) were used as

the explants. In order to determine the most responsive

microspore developmental stage for androgenesis, we

selected anthers at different stages of development as

described below.

In coconut, a new inflorescence emerges at the tip

of the crown every 4 weeks. After emergence, the

spathe splits open due to the expansion of the

inflorescence. We designated a newly split open

inflorescence as stage 0 and the next one immediately

below it, that had not yet emerged, as stage -1.

Palms bearing stage 0 inflorescences were selected

and rachillae bearing male flowers were excised by

opening the stage -1 inflorescence. The rachillae

were excised again three more times, at weekly

intervals, from the same inflorescence. The rachillae

were excised from inflorescences at 4, 3, 2 and

1 week before splitting (WBS) and the developmen-

tal stages of anthers at the times of excision were

designated as 4-WBS, 3-WBS, 2-WBS and 1-WBS,

respectively (Fig. 1).

Anther pre-treatments

Cold or heat pre-treatments were applied either

before or after inoculation of anthers in the culture

medium as described below. The middle portion of

the excised rachillae (Fig. 2a and b) bearing male

flowers (Fig. 2c), in all four maturity stages, 1-WBS
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to 4-WBS, was wrapped in wet tissue paper and then

in aluminium foil and placed in a refrigerator at 4�C

or in an incubator at 38�C for 1, 3, 6 or 14 days in the

dark. As a control rachillae were kept at room

temperature for the same duration. Anthers were next

excised from the filaments (Fig. 2d and e) and surface

sterilized by immersion in 2% (w/v) calcium hypo-

chlorite with a few drops of liquid detergent, for

12 min followed by four rinses with sterilized water

under aseptic conditions. Anthers were cultured in

petri plates each containing 25 ml of standard liquid

culture medium mentioned above.

Another set of anthers was cold or heat pre-treated

after inoculation by exposure to 4 or 38�C respec-

tively for 1, 3, 6 or 14 days in the dark. Anthers kept

continuously at room temperature in the dark were

Un opened
inflorescence (-1) 

Youngest open
inflorescence (0)  

28 days

1 WBS0 WBS 2 WBS 3 WBS 4 WBS

Fig. 1 Sample (male flowers) collection from -1 inflores-

cence at different stages. Time interval between splitting of

two consecutive inflorescences is approx. 4 weeks (28 days).

The date of opening of the youngest inflorescence (0 stage) was

recorded. Then the -1 inflorescence (that would be expected to

open next) was forced open and rachillae were collected at

weekly intervals for 4 consecutive weeks. Thus rachillae

collected during the 1st, 2nd, 3rd and 4th week belong to 4-, 3-,

2- and 1-WBS stages, respectively

Fig. 2 Isolation of anther

from the male flowers of

inflorescence at -1 stage

(a) Isolated rachilla (r)

containing male (mf) and

female flowers (ff)

(Bar = 3cm) (b) Close

view of the male flowers

attached to the middle

portion of the rachilla

(Bar = 1 cm) (c) Isolated

male flower. Anthers are

totally covered by the petals

(p) (Bar = 1.7 mm) (d)

Anthers (an) attached to the

filaments (f) (Bar = 2 cm)

(e) Excised anthers

(Bar = 1.3 mm)
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used as a control. After these pre-treatments, all the

petri plates were incubated in the dark at 28�C±1 for

8 months.

Culture medium

Three different basal media namely, modified Eeuw-

ens Y3 medium, MS medium (Murashige and Skoog

1962) and CRI 72 medium (Karunaratne and Periy-

apperuma 1989) were each supplemented with 9%

(w/v) sucrose and 100 lM 2,4-D. Anthers at devel-

opmental stage 3-WBS subjected to a heat pre-

treatment at 38�C for 6 days, were cultured in ten

replicate petri plates containing these three media in

liquid form.

Anther density

The number of anthers per Petri plate was varied by

culturing 10, 20, 30, 40 or 50 anthers per petri plate

in five replicates for each anther density. Anthers at

3-WBS stage, pre-treated at 38�C for 6 days were

used. After surface sterilization anthers were cul-

tured in standard culture medium as described

above.

Induction of embryogenesis and plant

regeneration

The calli and embryos that developed were subcul-

tured after 1 month in modified Eeuwens Y3 medium

with 66 lM 2,4-D for 4 weeks followed by transfer to

modified Eeuwens Y3 medium without growth reg-

ulators for 4 weeks. The calli/embryos were next

transferred to modified Eeuwens Y3 medium supple-

mented with 5 lM BA, 0.1 lM 2,4-D and 0.35 lM

GA3 to induce conversion. All these media were

solidified with 0.55% (w/v) agar.

Histological observations

Anthers bearing calli or embryos in standard culture

medium (as described above) after 3 months of

inoculation were sampled for histological studies.

The samples were fixed in FAA solution (50%

ethanol:10% formaldehyde:glacial acetic acid =

18:1:1, v/v/v) for 72 h. Next the samples were

dehydrated in a graded ethanol series, impregnated,

embedded in resin, Technovit 7100� (Heraeus Kluzer

GmbH, Germany) to polymerise overnight at room

temperature according to a protocol developed by

Perera et al. (2007). Sections of 3.5 lm thickness

were cut using a microtome (Historange, LKB),

double stained with periodic acid Schiff’s reagent

(PAS) and protein-specific naphthol blue black

(NBB) (Fisher 1968) as described by Buffard-Morel

et al. (1992). The prepared slides were observed

under a light microscope (Leitz DMR, Germany).

Ploidy analysis

Ploidy of calli or embryos obtained 3 months after

culture initiation was analysed. Extraction of nuclei

and the analysis were done according to the protocol

developed for coconut by Sandoval et al. (2003). The

ploidy was determined using a FACScan cytometer

(Becton—Dickinson, USA) with an argon laser

(15 mV) at 488 nm encompassing an emission range

of greater than 590 nm. Calli and embryos (approx.

500 mg) were chopped in 2 ml of extraction buffer

(Dolezel et al. 1989) containing 3% triton to release

the intact nuclei. The suspension containing the

nuclei was then filtered through a 36 lm cloth mesh

filter to eliminate cell debris. The cell nuclei were

stained with propidium iodide (P4170, Sigma) by

incorporating 100 ll of propidium iodide stock

solution (at 1 mg ml-1) in 300 ll of filtered nucleus

suspension. The solution was incubated for 5 min

prior to analysis. Ten embryos/callus were analysed.

Each sample was measured in two replicates, using

leaves of embryo-cultured Sri Lanka Tall coconut

palms as the diploid control (internal reference).

Ploidy was determined by calculating the ratio of the

peaks of the sample and the reference.

Statistical analysis

After 3 months of culture initiation and thereafter,

anther-derived structures (calli and embryos) were

counted and recorded. The androgenic frequency was

calculated as the number of calli/embryos produced

per 100 anthers cultured and the data were analysed

296 Plant Cell Tiss Organ Cult (2008) 92:293–302

123



using SAS statistical package (SAS Institute 1999).

Chi-square or maximum likelihood ANOVA was

conducted using the Proc CatMod procedures of PC-

SAS. Treatment means were compared using SE,

95% confidence intervals or orthogonal contrast

coefficients, where appropriate (Compton 1994).

Results and discussion

Pollen developmental stage and anther

pre-treatment

Androgenesis was induced only in anthers at 3-WBS

stage after a heat pre treatment at 38�C for 6 days.

These anthers developed calli or embryos at a

frequency of 22%. None of the other pre-treatments

or other anther developmental stages responded.

Embryos emerged from the anthers whereas calli

developed from nodules in contact with the culture

medium.

The developmental stage of pollen is known to

be critical for androgenesis (Zheng 2003). A

previous study established the presence of late

uninucleate microspores in anthers at 3-WBS stage

in inflorescences of Sri Lanka Tall coconut under

local environmental conditions (Perera 2003).

Anthers bearing late uninucleate microspores have

been reported to be optimal for induction of

androgenesis in many crop species (Thanh-Tuyen

and de Guzman 1983) as found in the present study

for coconut.

According to Thanh-Tuyen and de Guzman

(1983), anthers at 4-WBS stage with microspores

just prior to, during, or immediately after the first

pollen mitosis were the most responsive for andro-

genesis in the coconut cv. Laguna Tall. Despite the

difference in the age of the spadices (i.e., 3-WBS or

4-WBS), from which explants were collected, the

developmental stage of microspores contained within

them seems similar in both cultivars, Sri Lanka Tall

and Laguna Tall. The difference in genotype and

environmental conditions may have contributed to

the variation in splitting of inflorescences in the two

cultivars. In other studies reported on coconut anther

culture, anthers at first pollen mitosis (Monfort 1985),

tetrad stage (Kovoor 1981) and uninucleate stage

(Iyer 1981) have given rise to embryos or calli at a

low frequency.

In many crops, anther pretreatments have triggered

induction of an androgenic response (Zheng 2003).

Cold pretreatment has been effective in barley

(Hordeum vulgare; Hou et al. 1993; Devaux et al.

1993), rye (Secale cereale; Immonen and Anttila

1999), wheat (Triticum aestivum; Shimada 1981;

Konieczny et al. 2003), timothy (Phleum pratense;

Guo et al. 1999), soybean (Glycine max; Rodrigues

et al. 2005) and several other crops. High frequency

of callus development has been reported in cultured

anthers of apricot (Prunus armeniaca; Peixe et al.

2004), cabbage (Brassica oleracea; Achar 2002),

cow cockle (Saponaria vaccaria; Kernan and Ferrie

2005) and broccoli (Brassica oleracea; Arnison et al.

1990) after applying thermal shocks.

In the present investigation the heat pretreatment

that induced androgenesis is comparable to that of

Monfort (1985) where a pretreatment of anthers of

coconut at 35�C for 1 week, induced development of

embryos at a low frequency. Thanh-Tuyen (1985)

observed androgenesis in coconut anthers pretreated

at 7�C for 7 days or 14�C for 4 days. However, the

cold pretreatment given to anthers at 4�C for 1, 3, 6

and 14 days did not induce androgenesis in our study.

Culture medium

The culture medium which provides both nutrients

and osmoticum is a key factor that affects androgen-

esis. Of the three basal media tested, development of

embryos and calli at a frequency of 21% was

observed only in modified Eeuwens Y3 medium.

The basal medium CRI 72 has been formulated

specifically for coconut tissue culture (Karunaratne

and Periyapperuma 1989) and used successfully for

callus induction and somatic embryogenesis in

explants of coconut such as immature embryos

(Fernando and Gamage 2000), plumules (Fernando

et al. 2003) and ovaries (Perera et al. 2007).

However, it did not induce a positive response in

cultured anthers of coconut. The modified Eeuwens

Y3 medium has a higher amino acid (asparagine,

glutamine and arginine) content as well as more

NH4Cl, KCl and NiCl compared to CRI 72 medium.

This could have contributed to the positive response

of anthers cultured in Y3 medium. It has been

reported that glutamine has a stimulatory effect on

androgenesis (Guo et al. 1999). The anther culture
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medium used by Monfort (1985) also contained high

glutamine.

MS medium has been used as the basal medium

for induction of androgenesis in many crop species,

such as pepper (Capsicum annuum; Kim et al. 2004),

summer squash (Cucurbita pepo; Metwally et al.

1998), rice (Oryza sativa; Wong et al. 1983) and

asparagus (Asparagus officinalis; Peng and Wolyn

1999), even though it was not effective in inducing an

androgenic response in cultured anthers of coconut.

The synthetic auxin 2,4-D is reported to be the

most effective plant growth regulator to induce

androgenesis in many crops, including barley (Zheng

and Konzak 1999) and wheat (Ball et al. 1993).

Furthermore, it has been effective in inducing

callogenesis in different explants of coconut (Wee-

rakoon 2004; Verdeil et al. 1989; Ebert and Taylor

1990). Activated charcoal is another component that

has been essential in coconut tissue culture media

(Verdeil et al. 1989; Fernando and Gamage 2000;

Fernando et al. 2003; Perera et al. 2007). The

beneficial effect of activated charcoal is attributed

to its adsorption of phenols and other growth

inhibitory substances. In anther culture, activated

charcoal is reported to remove toxic substances

released by non-reactive microspores allowing more

embryogenic cells to develop (Chatelet et al. 1999).

The optimum concentration of 2,4-D in the culture

medium varies with the adsorption capacity of the

activated charcoal which also adsorbs 2,4-D (Ebert

and Taylor 1990). Successful callogenesis thus

requires an optimal combination of 2,4-D and acti-

vated charcoal in the culture medium. In the present

investigation we used only one level of 2,4-D

(100 lM); varying the 2,4-D concentration may lead

to more efficient callus or embryo formation. The use

of elevated levels of sucrose has been beneficial for

pollen embryogenesis in many crops (Konieczny

et al. 2003; Ishizaka 1998) as with the anther culture

medium used in the present study (9%).

Anther density

The number of anthers per petri plate (G2 = 9.26,

P \ 0.05) had a significant effect on androgenesis

(Table 1). The number of calli or embryos that

developed was significantly greater at a density of ten

anthers compared to 30 (G2 = 6.09, P \ 0.05) and 50

(G2 = 6.74; P \ 0.05) whereas no androgenic

response was observed at a density of 40 anthers.

At higher anther densities, browning of both medium

and anthers was observed. The embryogenic potential

of the calli or embryos formed at higher anther

densities (30–50) was low and they all turned brown

at an early stage of development. Cultured anthers

release endogenous hormones and substances that

may affect embryogenesis (George 1993). Thus the

density of anthers in the culture vessel could play an

important role in embryogenesis.

Zhao et al. (2006) reported that anther density did

not significantly affect androgenesis. Arnison et al.

(1990) indicated that in broccoli, even though the

percentage of responding anthers decreased at lower

anther densities, the number of embryos formed per

responsive anther was independent of anther density.

It was further reported that the optimum anther

density for broccoli was 60–120 per 20 ml of culture

medium. Embryo formation may be dependent on

physical and biochemical factors; at low anther

density, a few anthers often remain separated in the

medium, whereas at greater anther density, loose

groupings and associations may be maintained

throughout the culture period (Arnison et al. 1990).

In a study conducted in barley, Dunwell (1985) also

reported that in liquid medium, at least 60 anthers

need to be cultured per ml of medium. In a recent

study, Zhao et al. (2006) indicated that there was no

significant difference in callus production among the

Table 1 The effect of anther density on the production of

calli/embryos in cultured anthers of coconut

Anther density (No. of

anthers per petri plate)

Number of calli/embryos

produced per 100 anthersa

10 7.9

20 2.5

30 1.6

40 0.0

50 1.8

Contrast Chi-square

10 vs. 30 6.09*

10 vs. 50 6.74*

a Mean of five replicates

Maximum likelihood analysis of variance was significant at

G2 = 9.26, *P \ 0.05

Only the significant contrasts were listed in the table
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cultures with various densities in purple coneflower

(Echinacea purpurea L.). The use of petri dishes for

anther culture with a shallow liquid phase allows

sufficient surface tension to keep the anthers floating

on the medium. Furthermore, it also provides highly

aerobic conditions for embryo development that

could be beneficial in regeneration of green plants

(Guo et al. 1999).

Embryogenesis and plantlet regeneration

Induction of callus or embryos was observed after

3 months of culture initiation and continued up to

8 months. After 8–9 months, the embryogenic poten-

tial of the anthers diminished, probably due to loss of

pollen viability. The peak response of anthers was

observed 5 months after culture initiation (Fig. 3).

Both embryos and calli developed on the same

culture plate. The embryos were heart-shaped or

round and opaque white (Fig. 4a, e). Subculturing

embryos onto medium with low 2,4-D followed by

0
5

10
15
20
25
30
35
40
45
50

3 4 5 6 7 8

Duration after culture initiation (months)

illac /oyrb
me egatnecr e

P
pr

od
uc

ti
on

Fig. 3 Percentage embryo/callus production from cultured

anthers of coconut 3–8 months after culture initiation

Fig. 4 Plant regeneration via anther culture of coconut (Cocos
nucifera L.). (a) Embryos (em) derived from anther (an). Note

the tiny connector (arrow head) between the embryo and the

anther wall (Bar = 220 lm). (b) Mature embryo with germi-

nation point (gp) (Bar = 777 lm). (c) Germinating embryo

with a shoot (s) emerging by splitting of haustorium (h)

(Bar = 1 cm). (d) Calli (ca) bearing anther (Bar = 1.1 mm).

(e) An anther bearing both callus (ca) and embryos (em). Note

the embryo is opaque white whereas the callus has a

translucent appearance (Bar = 1 mm). (f) Somatic embryos

(se) developed from anther derived callus (Bar = 1.81 mm).

(g) A complete plantlet derived from anther
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transfer to medium devoid of plant growth regulators

led to embryo maturation (Fig. 4b). Mature embryos

were opaque and for most of them, the germination

point could be observed as a depression on the

surface (Fig. 4b). However, in some cases, the shoot

emerged by splitting of the haustorial tissue of the

mature embryo (Fig. 4c). The calli consisted of

translucent masses of globules of an off-white colour

(Fig. 4d, e). Callus was induced only if the emerging

embryos touched the liquid medium (Fig. 4e). When

calli were subcultured to medium with low 2,4-D

followed by transfer to medium without growth

regulators, they developed into somatic embryos

(Fig. 4f) that differed morphologically from mature

embryos. Some somatic embryos converted into

plantlets (Fig. 4g) at a frequency of 7%.

Plants that have regenerated from androgenic

callus or embryos have often been albino in many

crops, including wheat (Shimada 1981) and barley

(Jacquard et al. 2006). However, albino plants were

not observed in the present study.

Histological analysis

The initiation of androgenesis from pollen grains

could be observed in the pollen sac within the

anthers. The embryogenic pollen grains were char-

acterised by higher nucleus to cytoplasm ratio, with

depositions of starch and proteins (Fig. 5a). These

cells were similar to proembryos (of unicellular

origin) that developed from ovary-derived callus in

coconut (Perera et al. 2007). Many degenerate pollen

grains could also be found within the pollen sac.

Pollen derived proembryos at different stages of

development (Fig. 5b, c and d) were present. The

multicellular structures developed into proembryos

and enlarged to fill the interior of the pollen sac. The

proembryo gave rise to embryos by a tiny connection

(Fig. 5e).

The emerging embryo consisted of a highly

meristematic region referred to as the cambium-like

zone (CLZ) (Fig. 5e). When each callus or embryo

was maintained in the same androgenesis induction

Fig. 5 Histological aspects of embryo and callus formation in

cultured anthers of coconut (Cocos nucifera L.). (a) An

embryogenic pollen grain characterized by high nucleus (n) to

cytoplasm ratio and high starch (s, in pink color) and protein

(in blue color) reserves (Bar = 10 lm). (b) Four-celled

embryo (Bar = 166 lm). (c and d) Embryos at different

developmental stages (Bar = 166 lm). (e) An embryo devel-

oping from the proembryo (pe). Note the tiny connector (co)

and cambium like zone (clz) (Bar = 200 lm)
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medium for another 2–3 weeks, it developed either

into an embryo (with differentiation of haustorium,

shoot and root poles) or a callus by proliferation of

CLZ into more globules.

Easy removal of embryos or calli from the anther

indicated that they were loosely connected to the

tissues inside. Histological sections revealed that the

embryo was connected to the proembryo by a stalk

only several cell layers thick (Fig. 5e). Histological

sections further illustrated the degeneration of cells in

the anther wall and tapetum, indicating that the calli

or embryos was likely to have originated only from

the viable pollen grains in the pollen sacs.

Flow cytometric analysis revealed that the calli

and embryos were haploid (2n = 1x = 16) (Fig. 6),

confirming their origin from pollen grains. The ploidy

was determined by considering the ratio of channel

units given for the sample and the internal standard

(control). This is further supported by histological

evidence described above.

The present study indicated the feasibility of

developing an anther culture protocol via pollen

embryogenesis with the use of 3-WBS anthers of

coconut as the explant. This is the first report of

consistent androgenic response in coconut at a

relatively high frequency leading to plantlet

regeneration.

Acknowledgements Authors acknowledge Mr. C. Duperray

(INSERM, Montpellier, France) for the technical assistance in

flow-cytometry. We are also thankful to Mr. J. D. J. S. Kularatne

for the assistance in statistical analysis. Our special thanks go

to Ms. Shantha Ramanayake for reading the manuscript

critically.

References

Achar PN (2002) A study of factors affecting embryo yields

from anther culture of cabbage. Plant Cell Tissue Organ

Cult 69:183–188

Arnison PG, Donaldson P, Ho LCC, Keller WA (1990) The

influence of various physical parameters on anther culture

of broccoli (Brassica oleracea var. italica). Plant Cell

Tissue Organ Cult 20:147–155

Ball ST, Zhou H, Konzak CF (1993) Influence of 2, 4-D, IAA

and duration of callus induction in anther culture of spring

wheat. Plant Sci 90:195–200

Buffard-Morel J, Verdeil JL, Pannetier C (1992) Embryo-
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