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Introduction 

Recently, techniques have been developed 

for the isolation and culture of female 

gametes l
), and for plant regeneration from in 

vitro-fertilized egg cells of maize2
) and zygote 

protoplasts of barley3) and maize'). The iso­

lated gametes are expected to be used for 

various new prospects, such as direct observa­

tions of fertilization processes in vitro, studies 

of the mechanism of recognition, adhesion and 

fusion of gametes, and in vitro fertilization 

studies for breeding. However, it is still diffi­

cult to manipulate female gametophytes in 

most angiosperms, because their development 

generally takes place deep inside of the sporo­

phytic ovule tissues. So far, enzymatic proce­

dures for isolation of female gametes or 

embryo sacs have been described in several 

plant species, such as Torenia /ournieri 5
), 

Lilium longijlorum 6
), Zea mays 7), Petunia8

) and 

Crinum asiaticum 9
). Among these species, T. 

/ournieri is considered to be an easy species to 

isolate female gametes because the embryo sac 

protrudes from the micropyle and can be easily 

released from intact ovules5
,IO). 

The genus Torenia belongs to the family 

Scrophulariaceae and involves many ornamen-

tal species. For the breeding of these Torenia 

species, it is now expected to produce inter­

specific hybrids by conventional as well as 

biotechnological methods. In vitro fertiliza­

tion is considered to be one of the useful 

approach to produce the interspecific hybrids in 

this genus because female gametes of Torenia 

/ournieri has already isolated successfully by 

enzymatic treatments5
). In the present study, 

we developed a method for isolation of female 

gametes by enzymatic treatments in T. bail­

lonii which is considered to be useful traits such 

as yellow flower color and creeping habit (Fig. 

lA). 

Materials and Methods 

Plant materials and collection 0/ ovules 

Flowers of Torenia baillonii provided by 

Takii & Company Ltd. were collected just 

before anthesis from plants grown in the green­

house. These flowers were used both for his­

tological observation of the ovules and for iso­

lation of female gametes. 

Histological observations 0/ embryo sacs in 

ovules 

After removal of perianths from harvested 

flowers, ovaries were fixed by FAA solution 
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(formalin, acetic acid, 50% ethanol, 5 : 5 : 90, by 

vol.)II) for 1-3 days. For the histological 

studies on ovules and embryo sacs without 

sectioning, the fixed ovaries were washed by 

distilled water (D.W.) and stained in modified 

Mayer's acid haemalaum I2). After one hour of 

staining at room temperature, the ovules with 

placenta were partially destained in D.W. for a 

period varying from 1 to 3 hours depending on 

individual staining intensity. Subsequently, 

ovules with placenta were gradually dehydrat­

ed in a series of ethanol solutions, 50% for 2 h, 

75% for 2 hand 95% for 24 h successively, and 

then cleared by successive transfer to 95% 

ethanol : benzyl benzoate (2: 1, by vol.), 95% 

ethanol : benzyl benzoate (1: 2, by vol.), and 

lastly to benzyl benzoate : dibutyl phthalate 

(BBD) (1 : 1, by vol.) at intervals of more than 1 

h according to the method of CRANE and CAR­

MAN I3) with several modifications. Treated 

ovules were picked by forceps from placenta, 

mounted in BBD on a slide glass with a hollow 

of 4 mm in depth, covered by a coverslip, and 

observed by an inverted microscope (IMT-2, 

Olympus) with N omarski differential interfer­

ence equipment. 

Isolation of the female gametes by enzymatic 

treatment of the ovules 

After removal of perianths from harvested 

flowers, ovaries just before anthesis were 

surface-sterilized with sodium hypochlorite 

solution (1% active chlorine) for 10 min and 

rinsed 3 times with sterilized distilled water. 

The ovaries were longitudinally cut into 2 

pieces by a razor blade and ovary walls were 

peeled off. Two halves of a dissected ovary 

were put into 2 ml of filter-sterilized (Millipore, 

0.45 pm pore size) enzyme solution in a glass 

Petri dish (35 mm x 15 mm). The enzyme solu­

tions used consisted of 2% Cellulase Onozuka 

RS (Yakult Pharmaceutical Co. Ltd., Japan), O. 

5% Macerozyme R-I0, 0.05% Pectolyase Y -23 

(Seishin Pharmaceutical Co. Ltd., Japan), 10 

mM CaCI2· H20, 5 mM 2-(N -morpholino)-eth­

anesulfonic acid (MES) and 0.6 M sorbitol. 

The pH of the enzyme solution was adjusted to 

5.8 before filter sterilization. Ovules were then 

detached from placenta in the enzyme solution 

by using forceps and a razor blade under a 

dissecting microscope. They were incubated 

on a gyratory shaker (30 cycles min-I) at 25°C. 

Released female gametes were collected by a 

micropipette and transferred to CPW solu­

tionl4) supplemented with 0.6 M sorbitol. 

The viability of isolated female gametes 

was assessed with fluorescein diacetate (FDA) 

stainingI5). 

Results and Discussion 

Histological observations of embryo sacs zn 

ovules 

Microscopic observations showed that the 

type of ovules was the campylotropous in T. 

baillonii (Fig. lB) and that the region of egg 

apparatus in embryo sac protruded from the 

micropyle. All the cells consisting of the 

embryo sac were characterized by their loca­

tion. Approximately half of the elongated 

central cell located outside the ovule. The 

antipodal cells were not confirmed in this obser­

vation. The structure of embryo sacs in Tor­

enia baillonii was similar to that in T. fournieri 

observed by M6L5) and KEIJZER et al. 16
). 

Isolation of the female gametes by enzymatic 

treatment of the ovules 

Using enzymatic maceration, we tried to 

establish a technique for isolation of female 

gametes from ovules of T. baillonii. After 20 

min of incubation in the enzyme solution, sev­

eral cells began to release from the ovules and 
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Fig. 1 Morphological characteri zati on of female gametes and isolation of egg cells from ovules of 
T 01'enia baillonii by enzymatic treatments. 
(A) T01'enia baillonii, the plant material used in this study. 
(B) Microscopic observation of embryo sac in ovule under diffe rential interference-contrast 
optics after staining with acid-haemalaum and clearing with BBD. An egg cell (Eg; arrow) and 
one of two synergids (Sy ; arrowhead) are in fo cus. Bar =40 ,11m. 
(e ) Ovules t reated with enzyme so lut ion for 20 min. Embryo sacs (arrows) were released from 
ovules. Bar = 200 ,11m. 
(D, E) An embryo sac released from ovule after 50 min of enzyme trea tment. Egg cell (Eg) and 
synergids (Sy) focused in D and E, respecti vely, are releasing from central cell (ee) . Bars = 15 
,11 m. 
(F) FDA-positive egg cell showing the vi abi lity. Bar = 15 .u 111. 
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embryo sacs could be readily distinguished 

from the sporophytic cells based on the location 

in the ovules as described above under micro­

scopic observation (Fig. lC). The egg cells and 

synergids were still attached to the central 

cells. Prolonged incubation to 60 min In 

enzyme solution resulted in the liberation of 

individual egg cells and synergids (Figs. ID and 

IE). The average diameters of isolated central 

cell, egg cell and synergid were 40.8, 14.3 and 

12.1 J.lm, respectively (Table 1). 

Table 1. Cell size of isolated central cell, egg cell 
and synergid of T. baillonii 

Cell 

Central cell 

Egg cell 

Synergid 

Diameter Cum) 

40.8± 1.9 

14.3±O.7 

12.1±O.7 

The data were obtained by measuring each 30 cells. 
Each value represents the mean ± standard deviation. 

The egg cells were individually collected by 

a micropipette for incubation in CPW solution 

supplemented with 0.6 M sorbitol. The egg 

cells were viable as assessed by FDA staining 

even 1 h after the collection (Fig. IF). How­

ever, isolated egg cells gradually lost the viabil­

ity and the staining entirely disappeared 6 h 

after the collection. To sustain their viability, 

it will be needed to modify several factors such 

as enzyme solutions and culture conditions 

after isolation. Precise combination of 

enzymes, pH, osmotic pressure, incubation tem­

perature and incubation time is also required to 

isolate the embryo sac in a living state. 

Thus, we developed a procedure for isola­

tion of female gametes of T. baillonii which 

showed specific morphology of an embryo sac 

in an ovule. This study also propose the 

advantage of this plant species as a model 

system for isolation of female gametes and zn 

vitro fertilization. 

Summary 

Female gametes were successfully isolated 

from ovules of Torenia baillonii by enzymatic 

treatments. Prior to enzymatic treatments, 

mature ovules were histologically observed by 

using clearing method to characterize mor­

phological features of embryo sacs in ovules. 

The results showed that the region of an egg 

apparatus in an embryo sac protruded from the 

micropyle. For the isolation of egg cells, 

ovules were collected from ovaries of flowers 

just before anthesis, and treated with enzyme 

solutions on a gyratory shaker. After 20 min 

of enzyme treatment, the egg cell accompanied 

by two synergids was released from the central 

cell. Prolonged incubation until 60 min in the 

enzyme solution resulted in the liberation of 

individual egg cells and synergids. The egg 

cells collected with a micropipette revealed 

that they were viable as assessed with fluor­

ecein diacetate (FDA) staining one hour after 

incubation in CPW solution supplemented with 

0.6 M sorbitol. The procedure for isolating 

egg cells established in this study will offer a 

new approach to further study on in vitro ferti­

lization in this species. 
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