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Name of the Study: Cell and Tissue Culture Techniques (Embryo culture) 
Introduction: Culture of embryo was first initiated by Hanning (1904) and over the last three decades it became a routine application for many plant species. Embryo culture can be defined as the sterile isolation and growth of an immature or mature embryo in vitro condition with the goal of obtaining a viable plant.
Types of embryo culture: There are two type of embryo culture-
a) Mature embryo culture

b) Immature embryo culture

a) Mature embryo culture:
It is the culture of mature embryo derived from any seeds. This type of culture is carried out when embryos do not survive in vivo or become dormant for long period of time. Seed dormancy of many plant species is due to chemical inhibitors or mechanical resistance present in the structures covering the embryo. Excision of embryos from the testa and culturing them in the nutrient media may be passing such seed dormancy.

b) Immature embryo:
It is the culture of embryos to rescue the embryos of wide crosses this is used to avoid embryo abortion with the purpose of producing a viable plant. The embryos of the distant crosses are isolated aseptically and are transferred to a suitable medium for development under optimum culture conditions. 
Embryo culture Procedure:
A) Selection of embryonal stage: 
The zygotic embryos develop through successive stages, viz undifferentiated poly embryonic stage, globular stage, heart shaped stage, torpedo stage and cotyledonary stage.  Before the heart shaped stage, the embryo is in heterotrophic phase. The embryo in the heart to cotyledonary stages is in differentiated stages at which the embryo shifts from the heterotrophic to an autotrophic phase and becomes capable of independent growth. The selection of an appropriate embryonal stage requires a clear concept of zygotic embryogenesis of particular species as well as knowledge of when and why the embryo aborts in vivo. It should be in mind that when the target is to obtain hybrid plants from otherwise abortive seeds, the embryo must be excised for culture at one set of abortion.
B) Aseptic isolation of embryos: 
As embryos are lodged in the sterile environment of the ovule and covered by ovaries their surface sterilization is not required. The entire ovule or seed or fruit is sterilized and the embryo is removed aseptically. Utilization of embryo culture overcomes seed dormancy require a different procedure. Seeds that have hard coats are sterilized and soaked in water for few hours to few days. Sterile seeds are thus split and the embryos are excised. The whole operation is carried out in the laminar airflow cabinet.
C) Culture medium: 
The selection of culture medium is very important for sustained growth of the embryo. In most cases, a standard basal plant growth medium with major salts and trace elements may be utilized. Mature embryo can be grown in a basal salt medium with a carbon energy source such as sucrose but young embryo in addition requires different vitamins, amino acids and growth regulators and in some cases natural endosperm extract.  
Young embryos should be transferred to a medium with high sucrose concentration (8-12%) which approximates the high osmotic potential of young embryo sac. High osmorality prevents precous germination of embryos. Reduced organic nitrogen as per give, glutamine or casein hydrolysate is always beneficial for embryo culture. The phytohormones like IAA, NAA, 2,4-D, Kinetin, GA3 etc have a profound influence on the growth and development of the cultured embryos. Growth of immature embryos is better at a near neutral PH, but as the embryos mature, an acidic medium provide to be more suitable. Several after substances like Myo-inositol, malt extract, yest extract etc. induce growth of plant embryos when added as supplements of the basal medium. Coconut milk is the most common additive for an embryo culture medium.

After one or two weeks when embryo ceases to grow it must be transferred to a second medium with a normal sucrose concentration, low level of Auxin and a moderate level of Cytokinin which allows for renewed embryo growth with direct shoot germination .    
D) Culture environment: 
Optimum temperature for embryo growth is between 27 0C and 30 0C. Light in some cases suppresses the precocious germination of embryos. Root elongation inhibited in light
Special culture strategies: Several culture stages can be followed to make embryo culture successful. Two of them are described bellow

1. Two medium system

2. Embryo-nurse endosperm technique

1. Two medium system:  
It is a specially devised culture system where two types of culture medium are used in a Petridish. In the centre of the petridish, the medium used has 160 g/L sucrose, high Ca2+, Zero Fe+, low salts and plenty of amino acids. The medium is called central medium. The medium in the periphery, which is called outer medium, has high salt concentration, high Fe2+ but no sucrose or amino acids. Embryos are cultured on the central medium. The central medium becomes gradually modified due to the diffusion of constituents from and into the outer medium. This system allows the culture of embryos on the same medium without any need for a subsequent transfer.
2. Embryo-nurse  endosperme technique:
Often very young embryos can not be cultured successfully on the medium directly. In such cases embryos may be placed onto or implanted into developing endosperm that is cultured first in vitro. This technique is known as embryo- nurse endosperm technique.
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Application Of embryo culture:
1. Embryo rescue: In wide crosses, incompatibility barriers often prevent normal seed development and production of hybrids. In some crosses, normal fertilization may take place but poor or abnormal development of endosperme often causes embryo abortion. The culture of hybrid embryo on artificial medium helps to obtain hybrid plants. Embryo culture is widely used for rescuing embryos. Successful interspecific hybrids have been obtained in cotton, barley, tomato, rice, legume, etc.  and well known intergeneric hybrids include wheat × barley, Wheat × Rye, Barley × Rye, Maize × Tripsicum, Raphanus sativus ×  Brassica napus 
2. Overcoming seed dormancy: Embryo culture technique is applied to break the seed dormancy. Seed dormancy causing factors can be circumvented by embryo excision and culture. A potential use of the technique is the production of seedlings from seed of naturally vegetatively proposed crops such as bananas and Colocosia whose seeds do not germinate in nature.
3. Production of Haploid: Embryo culture can be utilized in the production of haploids from hybrid embryos. Interspecific crosses between Hordeum bulbosum as the pollen present and the H. vulgare as female parent are cultured. In culture H. bulbosum chromosomes are eliminated resulting the haploid plantlets of H. vulgare. Similarly Wheat × Maize hybrid embryo culture retains the chromosomes of wheat only with the elimination of maize chromosomes resulting wheat haploid plant. 
4. Shortening the breeding cycle: In plant species where enough time is required for embryo maturity, seedlings can not be raised just after fruit ripening. Seeds of Brussels sprout, rose apple, oil palm and Iris do not germinate after fruit ripening. Moreover, long period is required to break their dormancy. Culture of immature embryos on growth medium cause immediate germination shortening the breeding cycle reasonably.   
5. Overcoming seed sterility: Some plant species produce sterile seeds which do not normally germinate and eventually decay in soil. In early ripening varieties of peach, cherry, apricot, plum etc. incomplete embryo development causes seed sterility which results in the death of the germinating embryo.
6. Propagation of orchids: Orchids are difficult to propagate by using seeds directly to the soil since their seeds lack stored food and the embryo is virtually naked. In many orchids embryos development is incomplete at the time of seed maturity. Young or mature orchid embryos are removed from seeds and placed on suitable nutrient media. The embryos develop into seedlings directly or through callus formation. This is particularly desirable in orchid breeding to recover sexual progeny from crosses.
7. Clonal micropopagation: Embryos are excellent materials for in vitro clonal propagation. Because of their juvenile nature, embryos have a potential for regeneration and are used in some plant species for in vitro clonal propagation. This is especially true for Conifers and member of Poaceae family. 
Fig. Embryo-nurse endosperm technique in which immature embryos are cultured onto a developing endosperm culture 
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Fig. Two medium culture systems for young       excised embryo
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