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Introduction 

 

Plant embryos are young organisms arising from a single cell, which are dependent on 

the maternal organism in the natural state and which are capable of developing into new, 

morphologically and functionally adequate plants. It is a well-known fact that environmental 

factors that affect embryo development by changing the microenvironment of the embryos 

have a great influence on the quantity and quality of yield, which is of key importance in plant 

breeding and crop production. 

As the embryos are embedded deep in the tissues of the mother plant, the in vitro 

replication and investigation of zygotic embryo development is of great assistance in 

obtaining a better understanding of the process of embryogenesis. The in vitro growth of 

zygotes takes place in single cell cultures, where the nutritional function of maternal tissues is 

taken over by nurse cells. If this culture system is maintained reliably and efficiently it is 

suitable for a number of biotechnological purposes. The microinjection of zygotes and egg-

cells could be an alternative method of genetic transformation (Scholten and Kranz, 2001), 

making the use of marker genes for selection superfluous. In the field of developmental 

biology, valuable results are expected from the microinjection of specific staining agents 

(Pónya and Barnabás, 2001) or from the use of transgenes coding for GFP fusion proteins. 

Another possibility is the analysis of the gene expression patterns of zygotes and embryos 

developing in vivo or in vitro (Le et al., 2005; Okamoto et al., 2005; Sprunck et al., 2005; 

Ning et al., 2006). The results of this work are expected to be of practical use, as they will 

allow the expression of desirable genes to be modified in order to control the direction of 

development (e.g. induction of parthenogenesis, or improvement of crossability). New 

interspecific crosses could be achieved through the in vitro cell fusion of gametes from 

diverse species (Kranz and Dresselhaus, 1996) or through the in vitro growth of egg-cells 

activated by means of pollination with alien species, but unable to develop into embryos 

within the plant. If any of these aims is to be achieved, however, it will need to be possible to 

grow individually isolated zygotes. Up till now this has only proved possible in maize (Kranz 

and Lörz, 1993), barley (Holm et al., 1994), wheat (Kumlehn et al., 1998), rice (Zhang et al., 

1999) and tobacco (He et al., 2004) using complicated culture systems. 

The elaboration of a single-cell culture method suitable for the purposes outlined above 

is also a priority for the Cell Biology Department of the Agricultural Research Institute of the 

Hungarian Academy of Sciences and forms the subject of the present dissertation. 

 



Aims 

 

The experiments were set up to achieve the following aims: 

A. In vitro growth of wheat zygotes: introduction and efficient application of the single-

cell culture technique and the reduction of labour requirements. 

B. Examination of the extent to which zygotes cultured in vitro are capable of replicating 

the developmental pathway followed in planta: 

- how do the initial cell divisions in the zygotes take place? 

- what types of cells and tissues are characteristic of in vitro embryos? 

C. Pollination with alien pollen: 

- wheat × maize: to determine whether egg-cells activated by alien pollination 

can be grown in single cell culture systems, 

- wheat × rice: development of progeny from a previously untried crossing 

combination with the future aim of determining whether gene transfer occurs 

from rice into the progeny. 

 

Materials and methods 

 

Plant material 

The plants were grown in Conviron climatic growth units in the Agricultural Research 

Institute of the Hungarian Academy of Sciences. The barley variety Igri, the wheat varieties 

Siete Cerros, Mv Pálma, Mv Ködmön, Chinese Spring and Mv9kr1, the maize hybrid Norma 

SC and the rice varieties Rigola and Bioryza were used in the experiments. 

 

Isolated microspore culture of barley 

The cultures were prepared using the method of Olsen (1991). Anthers were isolated 

from spikes containing microspores in the late uninucleate stage and were pretreated in 0.3 M 

mannitol solution for three days at 26°C in the dark, after which isolated microspores were 

cultured on MMS3 nutrient medium (Hu and Kasha, 1997) with maltose as carbon source at a 

cell density of 100,000/ml. 

 

 

 

 



Isolated microspore culture of wheat 

The cultures were prepared as described for barley, except that the spikes were 

pretreated at 4°C for two weeks, the concentration of the mannitol solution was 0.4 M, and 

ten young pistils removed from the plant 3–5 days prior to flowering were cultured per ml. 

 

Growth of isolated wheat zygotes 

Millicell inserts (Falcon), which have a membrane on the bottom to prevent cell mixing, 

were placed in the MMS3 nurse cultures and 4–8 freshly isolated zygotes were placed in each 

insert using the method of Kovács et al. (1994). The cultures were kept at 26°C. The nurse 

cultures consisted of 7–10-day-old isolated barley or wheat microspore cultures (Kumlehn et 

al., 1998), or 6–12-day-old wheat embryos precultured for 3 days, or 3–4-day-old cultures of 

young, unpollinated pistils. The embryos developing from the zygotes grew to a size of 1–2 

mm in the course of 3–5 weeks, after which they were transferred to solid B5 medium. The 

plants developing from the embryos were vernalised, then planted out and grown with the 

same technology as seed-grown wheat plants. 

 

Growth of isolated “zygotes” arising from wheat × maize pollination 

Castrated wheat spikes were pollinated with maize at the time when anthesis would have 

taken place. On the following day each pistil was treated with 2,4-D to induce pathenocarpic 

development in maternal tissues. Egg-cells fertilised in this way were isolated at the age of 2 

days and grown in MMS3 nutrient medium, using young pistils as nurse cells. The 

conventional embryo rescue technique was used as a control. 

 

Growth of isolated “zygotes” arising from wheat × rice pollination 

The wheat × rice pollination was conducted as described for wheat × maize, except that 

the activated egg-cells were grown in N6Z nutrient medium. 

 

Preparation of zygote-derived structures for cytological and histological analysis  

The structures developing from isolated zygotes in nurse cultures were fixed using the 

method of Hoshino et al. (2004) at intervals of 26, 50 and 98 hours, and 7, 12 and 20 days 

after pollination. For the purposes of comparison, unfertilised egg-cells isolated at the time of 

anthesis, ovules isolated 26 or 50 hours after fertilisation, and 14-day-old seeds were also 

fixed. The fixed cells were rinsed with MSB buffer, embedded in agarose drops, dehydrated 



and impregnated with Unicryl resin, which was then polymerised under UV light. Semi-thin 

(1 µm) sections were then prepared with an Ultracut E (Reichert-Jung) ultramicrotome.  

The sections were stained with Toluidine Blue, DAPI (4’,6-diamidino-2-phenylindole), 

Calcofluor White and Coomassie Brilliant Blue, or with the periodic acid Schiff reaction, after 

which they were examined under an Olympus BX 51 microscope. 

 

Determination of ploidy level 

The ploidy level of plants obtained as the result of alien pollination was determined 

using a Becton Dickinson FACScan flow cytometer using the method of Galbraith et al. 

(1983). 

 

Summary of results 

 

The first step was to overcome the problems arising during the isolation and culture of 

wheat zygotes in order to minimise the mechanical and osmotic stress effects exerted on the 

zygotes and to provide the nutrients and growth factors required for their development. This 

was followed by the cytological analysis of the zygotes and embryos grown in single-cell 

cultures and by the isolation (rescue) from the wheat plants of egg-cells activated by alien 

pollination and their culturing under in vitro conditions. 

The major results achieved in this work can be summarised as follows: 

 

In vitro growth of wheat zygotes: 

• During the optimisation of the media required for the isolation and culture of wheat 

zygotes it was found that zygotes could only be grown with very low efficiency if they 

were isolated and cultured on the same nutrient medium. An acceptable efficiency of 

around 20% could only be achieved if the zygotes were isolated in medium containing 

mannitol and cultured in MMS3 medium with the same density but lower osmolarity, 

containing maltose. 



• Isolated barley microspores (Kumlehn et al., 1998), isolated wheat microspore cultures 

and separately cultured young wheat pistils were used as nurse cultures for the in vitro 

growth of zygotes. 

Efficiency 
 Isolated barley microspore culture (MMS3 medium) 20% 
 Isolated wheat microspore culture (MMS3 medium) 18% 
 Prepared embryos developing in vitro (MMS3 medium) 0% 
 Immature wheat pistils (MMS3 medium)   20% 
 Immature wheat pistils (N6Z medium)   59% 
 

• Under the given experimental conditions the microspore nurse cells only developed 

satisfactorily on MMS3 medium, while the wheat pistils also grew well on N6Z 

medium containing glucose (Kumlehn et al., 1998). The use of N6Z medium with the 

same osmotic concentration and density as the solution used for zygote isolation 

helped to reduce the osmotic stress to which the zygotes are exposed during transfer to 

culture medium. It is clear from the data above that the use of N6Z medium and 

immature pistils as nurse cells led to a substantial improvement in the efficiency of 

single-cell cultures. 

 

Cytological and histological analysis of cultured wheat zygotes 

The following conclusions could be drawn from a comparison of in vivo and in vitro zygote 

development: 

• In in vitro cultures the first cell division in the zygotes led to the formation of two 

daughter cells with the same shape and organelle organisation (symmetrical cell 

division), in contrast to the asymmetrical division observed in vivo. Apart from this, 

no difference was observed in the organelle organisation of the cells. 

• As the result of further cell division in the proembryos, globular proembryo-like 

structures were formed, which were lobular or spherical, while those developing in 

planta were pear-shaped. However, both the in vitro and in vivo proembryos consisted 

of cells of the meristem type, which were rich in organelles. 

• The subsequent morphology of embryos developing in vitro was sometimes similar to 

that of in planta embryos, but in the majority of cases the structures also contained 

tissues consisting of callus-like cells in which large quantities of starch granules and 

protein bodies were accumulated, as in the cells of in planta endosperm. 



• It is important to note that the meristems of structures developing in vitro were never 

observed to become callused, but were continually present right from the zygote stage, 

as in embryos developing in the plant. 

 

Rescue of egg-cells activated by alien pollination from the plant and their in vitro growth 
in single-cell cultures 

It is well-known that egg-cells can be activated by alien pollination, but embryo development 

is often hindered by abnormal endosperm development. This necessitates embryo rescue and 

in vitro growth. The earlier the embryos are rescued, the smaller the number of aborted 

embryos and the larger the potential number of genetically valuable progeny. Tests were 

made on the possibility of growing activated egg-cells in vitro after wheat × maize and wheat 

× rice pollination. 

• Wheat × maize pollination is followed by the fusion of the wheat egg-cell and the 

male gamete from maize, but the maize chromosomes are eliminated in the course of 

cell division, resulting in monoploid wheat progeny. Using the first version of single-

cell culturing tested (in which 20% of wheat zygotes developed into plants) plants 

were obtained from 1–4% of the wheat × maize “zygotes”. This level of efficiency is 

on par with that of conventional embryo rescue techniques. 

• The wheat × maize “zygotes” were found to be still in the single-cell stage 1 or 2 days 

after alien pollination. When cultured, however, these cells began to divide 

intensively, and although the structures formed in the initial stages of development 

were less regular than those observed in the control wheat zygotes, in later stages their 

morphology was similar to that of the wheat embryos. 

• In the case of wheat × rice pollinations, conventional embryo rescue failed completely. 

Progeny plants could only be grown using the single-cell culture technique developed 

in the present work. Even with this technique the rescued activated egg-cells still 

exhibited no cell division after 4 days. At least 7 days were required for the first cell 

division, but after this they developed rapidly, first forming globular embryo-like 

structures, and then exhibiting a transitional stage of development. Finally the 

morphologically complete embryos germinated. 

• Only four plants could be grown from maturity from the 1473 wheat flowers 

pollinated with rice. These plants varied in terms of both DNA content (hexaploid and 

monoploid genome size) and fertility (fertile, partially fertile and sterile plants). 

Further analysis will be required to clarify the genetic background of the plants. 



 

Conclusions 

 

When culturing wheat zygotes in vitro it is essential to minimise the exposure of the 

zygotes to mechanical and osmotic stress during isolation and transfer, and to use nurse 

cultures during the intensive growth phase. 

In cultures optimised on these principles the majority of zygotes are able to grow into 

fertile plants, and the course of embryo development in vitro is similar both morphologically 

and histologically to that observed in planta. The anomalies observed can be attributed to 

removal from the maternal tissues: 1. If the zygotes are to exhibit a normal pattern of cell 

division, the existence of the cell-wall synthesised in planta, exhibiting a composition 

gradient, is an important precondition, at least in tobacco (He et al., 2007). As the wheat 

zygotes lose their cell-wall during isolation, disturbances can be expected in polarisation, 

causing them to divide symmetrically, in contrast to their behaviour in vivo. Proembryos 

formed in this way, however, later differentiate into structures containing the same organs as 

those developing in planta, though the mechanism by which this occurs is as yet unknown. 2. 

Presumably due to the lack of an endosperm, cells of the callus type, characteristic of the in 

planta endosperm, appear in the in vitro embryos to perform nutritional and storage roles. 

It was proved in the present work that the single-cell culture system is suitable for the in 

vitro growth of wheat egg-cells activated by alien pollination. In the case of wheat × maize 

pollination an earlier, less efficient variant of the single-cell culture method was applied, but 

even this allowed haploid plants to be grown with a frequency similar to that of conventional 

embryo rescue techniques. The improved variant of the single-cell culture method could thus 

be expected to increase the efficiency of “zygote rescue”. In the case of wheat × rice 

pollination, progeny plants could only be grown using the improved method, but the success 

of this modification indicates that the single-cell culture technique could facilitate alien 

crosses that have previously been unsuccessful. The technique could also be useful in cases 

where the main factor inhibiting the in planta embryogenic development of egg-cells 

activated by alien pollination is the functional abnormality of the endosperm. The practical 

advantage of this research could be the achievement of gene transfer between species as the 

result of alien pollination, aimed at transferring important resistance genes into cultivated 

wheat. 
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