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Definitions – Tissue Culture Applications in Plant Breeding

Androgenesis:  Development of plants from the male gametophyte by the culture of anthers or microspores.

Aneuploid:  (1) Characterizing a cell in which the nucleus does not contain an exact multiple of the haploid number of chromosomes, one or more chromosomes being present in a greater or lesser number than the rest.  The chromosomes may or may not show rearrangements.  (2) Such a cell or organism.

Anther culture:  The in vitro culturing, on a synthetic medium, of anthers containing microspores.  The microspores may form haploid callus or develop directly into haploid plants.

Aseptic:  Characterized by absence of contaminating fungi, bacteria, viruses, mycoplasms, and other microorganisms.

Autotroph:  A mutant that lacks a requirement for its growth required by the wildtype, or a mutant that has acquired resistance to a normally lethal or debilitating condition.

Autotrophic:  Self-reliant.

Auxins:  A class of plant growth regulators chemically and functionally related to the natural hormone indoleacetic acid (IAA).  In tissue culture work, these hormones are valued for their ability to stimulate new cell division, cell enlargement, and the formation of shoot apices or buds.  They promote rooting in later stages of growth.

Auxotroph:  A mutant requiring specific compound(s) for its growth that are already present in the wildtype.  Useful as a genetic marker and for complementation tests.

Batch culture:  A suspension culture in which cells grow in a finite volume of nutrient medium.  Cultures commonly exhibit five growth phases:  lag, exponential, linear, deceleration, and stationary phases.

Bioprocess:  A process in which living cells, or components thereof, are used to produce a desired end product.

Bioreactor:  Culture vessel used for large-scale bioprocessing.

Biotechnology:  Development of products by a biological process requiring engineering technologies, such as fermentation or controlled environments, or utilizing current technologies (such as recombinant DNA techniques) for the modification and improvement of biological systems.

Callus: (1) Undifferentiated tissue (an unorganized proliferative growth of plant cells) cultured in vitro on a synthetic medium.  The tissue grows by mitotic divisions and can, under certain conditions and in some species, be induced to regenerate a whole plant.  (2) A wound response in vivo.  Plural: calli.

Cell culture:  The growing of cells in vitro, including the culture of single cells or suspensions of small aggregates of cells.  In cell cultures, the cells are no longer organized into tissues.

Cell hybridization:  The fusion of two or more dissimilar cells leading to the formation of a synkaryon, heterokaryon, or cybrid.

Cell line:  (1) Descent, through cell division, from a single original cell.  (2) More specifically:  A cell line arises from a primary culture at the time of the first successful subculture.  The term implies that cultures from a cell line consist of numerous lineages of cells originally present in the primary culture.

Cell strain:  (1) A cell line characterized by one or more unique and consistent features.  (2) More specifically:  A strain derived from either a primary culture or a cell line by the selection or cloning of cells having specific properties or markers.  The properties or markers must persist during subsequent cultivation.

Chemically defined medium:  A nutritive solution for culturing cells in which each component is of known chemical structure.

Chimera:  (1) A recombinant DNA molecule that contains sequences from more than one organism.  (2) At the plant level, a mixture of tissues of genetically different constitutions that have resulted from mutation, grafting, or gene transfer.

Chromosome:  The structural component in the cell that carries the genes; composed of DNA and proteins.

Clonal propagation:  Asexual reproduction of plants that are considered to be physiologically and/or genetically uniform and to have originated from a single individual or explant.

Clone:  (1) A population of recombinant DNA molecules all carrying the same inserted sequence.  (2) A population of cells derived from a single cell by mitoses.  (3) A population of plants derived from a single individual by vegetative propagation.  (4) To use recombinant DNA techniques to insert a particular gene or other DNA sequence into a vector molecule.  (5) To propagate a clone.

Competency: the endogenous potential of a given cell or tissue to develop in a particular way.

Crossing over:  Exchange of genes between two paired chromosomes.

Crossover:  The site where breakage and reunion of DNA strands occurs, leading to reciprocal exchange of genetic material during an in vivo recombination event.

Cybrid:  The variable cell resulting from the fusion of a cytoplast with a whole cell, thus creating a cytoplasmic hybrid.

Cytokinins:  A class of plant growth regulators (chemically and functionally related to the natural hormone zeatin) that cause cell division, cell differentiation, shoot differentiation, etc.

Cytoplasm:  Cellular material within the cell membrane and surrounding the nucleus.

Dedifferentiation:  The process of changing the state of cell specialization or expressing an alternate developmental pathway, presumed to involve regression through the previous developmental specialization.

De novo:  Literally, ‘from a new [beginning]’ (Latin).  (1) With reference to plant regeneration or developmental processes:  arising from unorganized cells or tissues or from predetermined cells.  (2) In molecular biology:  not requiring a primer.

Electroporation:  Application of an electrical current across a membrane (as in a protoplast), inducing:  (i) temporary pores and permitting uptake of molecules, organelles, etc., or (ii) fusion of neighboring membranes.

Embryo culture: aseptic excision of an immature embryo from an ovule and its subsequent in vitro culturing.

Embryo rescue: embryo culture to facilitate recovery of progeny from wide crossing between different species (interspecific crosses).

Embryogenesis: The process of initiation and development of embryos or embryo-like structures from somatic cells (more specifically: somatic embryogenesis).

Embryoid:  (1) Mass of cells or tissue that resembles an embryo; i.e., an embryolike structure.  (2) Somatic embryo.

Epigenetic variation:  Phenotypic variation that has a non-genetic basis (i.e., does not involve a change in genotype).

Etiolated:  Characterized (as a result of growth in the absence of light) by the development of a number of symptoms such as yellowing, elongation, thin stems, and failure of leaf expansion.

Euploid:  (1) Characterizing a cell in which the nucleus contains exact multiples of the haploid number of chromosomes.  (2) Such a cell or organism.

Explant:  Tissue taken from it’s original site (plant or seed) and transferred to an artificial medium to establish a cell tissue culture system.

Extrachromasomal:  Located elsewhere than the nuclear chromosome, such as in an organelle or on a plasmid.

Friability:  The tendency for cultured plants cells to separate easily from one another.

Genome:  The hereditary material of a cell comprising an entire chromosomal set found in each nucleus or organelle of a given species.

Habituation:  The ability of cells to grow in the absence of normally required and exogenously supplied growth factors as a result of shifts in metabolism, especially as in the case where cultured cells become autonomous (habituated) for the production of phtyohormones.

Haploid:  (1) Characterizing a cell in which there is half the usual number of chromosomes, or only one chromosome set.  Sex or gametic cells are haploid.  (2)  Such a cell or organism.

Heterokaryon:  A cell possessing tow or more genetically different nuclei, in a common cytoplasm, usually derived as a result of cell-to-cell fusion.

Heterotrophic:  Dependent on an external source of energy; non-self-reliant.

Homokaryon:  A cell possessing tow or more genetically identical nuclei, in a common cytoplasm, derived as a result of cell-to-cell fusion.

Hybridization:  (1) The pairing of complementary DNA or RNA strands to give stable DNA-DNA or DNA-RNA duplexes.  The efficiency of hybridization is a tes of sequence homology.  (2) Production of offspring, or hybrids, from genetically dissimilar parents.  The process can be used to produce hybrid plants (by cross-breeding two different varieties) or hybridomas (hybrid cells formed by fusing tow unlike cells, used in producing monoclonal antibodies).

In vitro:  (1) Carried out in sterile cultures.  (2) Outside the intact organism.  Applied to various biological processes (e.g., tissue culture) and measurements (e.g., enzyme reactions).  (Literally, ‘in glass’.)

In vitro propagation:  Propagation of plants in a controlled, artificial environment using plastic or glass vessels, aseptic techniques, and a defined growth medium.

In vivo:  Occurring in a living whole organism.

Karyoplast:  A cell nucleus (surrounded by a narrow rim of cytoplasm and a plasma membrane) obtained from the cell by enucleation.

Meristem:  A localized group of actively dividing cells, from which permanent tissue systems (root, shoot, leaf, flower) are derived.  The main categories of meristems are (i) apical meristems, in root and shoot tips; (ii) lateral meristems (vascular and cork cambiums); and (iii)intercalary meristems, in the nodal region and at the base of certain leaves.

Mixoploid:  Of a culture of cells or tissues:  comprised of cells exhibiting various chromosome number (i.e., the cells are heterogeneous with respect to nuclear chromosome numbers).

Mutation:  A heritable change in the genetic material of a cell.  Chromosome breaks or rearrangements involve large-scale mutations. If the mutation occurs in body (somatic) cells, the results affect only the individual bearing those cells; if the mutation is in germ like cells, the change can be transmitted to offspring.

Point Mutation:  A mutation resulting from a change in a single base pair in the DNA molecule, caused by the substitution of one nucleotide for another.

Deletion mutation:  A mutation caused by the removal of one or more nucleotides from a gene or chromosome.

Insertion mutation:  A mutation caused by the insertion of at least one extra nucleotide base in a DNA sequence.

Forward mutation:  Any mutation which renders a formerly functional gene nonfunctional.  This is the opposite of a back mutation.

Back mutation:  A mutation that causes a mutant gene to revert to its original wild-type base sequence.

Lethal mutation:  A mutation that disrupts a critical gene, thus killing the developing organism.

Mutant:  A phenotypic variant resulting from a change in its DNA.

Organelle genome:  The DNA of chloroplasts or mitochondria.  These genomes exist as circular chromosomes lacking structural proteins and may be present in many copies per cell.  Small linear or circular plasmids may also be present in mitochondria.

Organogenesis: The process of initiation and development of a structure that shows natural organ form and/or function.

Plant regeneration:  The process of recovering plantlets from in vitro cultures through organogenic or embryogenic development, either by adventitious or de novo origination.

-ploid:  Suffix indicating the chromosomal state of the cell.

Primary culture:  A culture started from cells, tissue, or organs taken directly from organisms.

Primordium:  The earliest detectable stage of an organ.

Prodetermined:  Characterizing cells that are not yet committed to a particular pathway of development or specialization.   Usage:  incorrectly called undifferentiated.

Protoplast:  A membrane-bound cell formed after the cell wall is removed from a microbial or plant cell by the action of pectinases and cellulases.

Protoplast fusion:  A technique for producing somatic hybrids between two sources of protoplasts by treating with agents such as polyethylene glycol (PEG) and Ca=2 ions to induce cell membrane fusion.  The two protoplast sources may be from the same or highly divergent species.

Pseudodiploid:  (1) Characterizing a cell in which the number of chromosomes is diploid but, as a result of chromosomal rearrangement, the karyotype is abnormal and linkage relationships may be disrupted.  (2) Such a cell or organism.

Reconstructed cell:  The viable cell reconstructed by the fusion of a karyoplast with a cytoplast.

Regeneration:  (1) Laboratory technique for forming a new plant from a clump of plant cells.  (2) The formation by an organism of new parts.

Somaclonal variation:  Variation that occurs and accumulates in cultures of cells and tissues; it may be either genetic or epigenetic in basis.  When the rate of variation exceeds the normal mutation rate of that species or genotype in vivo, the variation may be said to arise as a result of growth or manipulation in vitro, and may be the result of growth in unorganized states.

Somatic cell hybridization:  The fusion of plant protoplasts derived from somatic cells that differ genetically.
Somatic embryo:  An embryo arising from a somatic cell rather than from fertilization of gametes.

Subculture:  The process by which tissue or explant is first subdivided, then transferred into fresh culture medium.

Suspension culture:  A type of culture in which cells, or aggregates of cells, multiply while suspended in liquid medium.

Synchronous culture:  A culture in which a large proportion (often a majority) of the cells are in the same phase of the cell cycle at the same time.

Synkaryon:  A hybrid cell resulting from the fusion of the nuclei it carries.

Tissue culture:  (1) Broadly, the growth or maintenance of plant cells, tissues, organs, or whole plants in vitro.  (2) Narrowly, the culture in vitro of unorganized tissues, such as callus.

Totipotency: the ability of undifferentiated plant tissues to differentiate into functional plants when cultured in vitro.

Undifferentiated:  (1) Strictly, cells that are determined but not yet expressing cell specialization.  (2) May also refer to prodetermined  cells.

Unorganized:  Tissues comprised of cells that are not organized into recognizable structures such as organ.  Specialized cells may be present, but are not organized.

Variant:  A culture or plant exhibiting a stable phenotypic change, whether genetic or epigenetic in origin.

Wildtype:  (1) The standard or nonmutant form of a gene or organism, originally indicative of the so-called natural form.  Usage:  The term now means the genetic constitution of an organism in which a number of mutations (markers) may already exist at the start of a program of mutagenesis before further changes are introduced.  (2) Characterizing such a form.

