Plant anatomy

Plant anatomy, the study of plant cells and tissues, remains a powerful tool that can be used to help solve baffling problems, whether this is in the classroom, or at National botanical research facilities, We also apply anatomy to help solve rather more academic questions of the probable relationships between families, genera and species. The incorporation of anatomical data with the findings from studies on gross Morphology, pollen, cytology, physiology, chemistry or molecular biology and similar disciplines enables those making revisions of the classification of plants to produce more natural systems. About history of plant anatomy

History of Plant anatomy:

The detailed studies of plant anatomy originated with the invention of the compound microscope in the seventeenth century. Nehemiah Grew (1641_1712) and Marcello Malpighi (1628_1694), physicians working independently in England and Italy respectively, were early pioneers of the microscopically examination of plant cells and tissues. Their prescient work formed the foundation that eventually led to the development of our understanding of cell structure and cell division.
Nehemiah Grew is considered the founder of plant anatomy which presented classification of plant tissues as consisting of different "bodies" (woody parts, strings, and fibers, piths, parenchyma, and pulps). Also recognized vertical and horizontal systems of tissues and described secondary growth of bark and wood, The Anatomy of Vegetables Begun.  1672. is one of his books in plant anatomy.

Other early outstanding figures included Robert Brown (1773_1858), who discovered the nucleus, and the plant embryologist Wilhelm Hofmeister (1824_1877), who first described the alternation of generations in the life cycle of land plants.

One of the most notable plant anatomists of the twentieth century was Katherine Esau (1898_1997), recognized particularly for her work on the structure and development of phloem and her influential textbooks on plant anatomy.
Plant cell:

All plants (and every other living organism) are composed of cells. Cells represent the smallest structural and functional units of life. Living organisms consist of single cells or of complexes of cells. Cells vary greatly in size, form, structure, and function. Some are measured in micrometers, others in millimeters, and still others in centimeters (fibers in certain plants). Some cells perform a number of functions; others are specialized in their activities. Despite the extraordinary diversity among cells they are remarkably similar to one another, both in their physical organization and in their biochemical properties. Plant cells usually composed of two main components: Cell wall and protoplast.
Cell wall:
It is rigid layer surrounds the living protoplast therefore limits the size of the protoplast, preventing rupture of the plasma membrane when the protoplast enlarges following the uptake of water. The cell wall largely determines the size and shape of the cell, the texture of the tissue, and the final form of the plant organ. Cell walls contain a variety of enzymes and play important roles in absorption, transport, and secretion of substances in plants. Experimental evidence indicates that molecules released from cell walls are involved in cell-to-cell signaling, influencing cellular differentiation; In addition the cell wall may play a role in defense against bacterial and fungal pathogens by receiving and processing information from the surface of the pathogen and transmitting this information to the plasma membrane of the host cell. Through gene-activated processes, the host cell may become resistant to attack through the production of phtoalexins: antibiotics which are toxic to pathogens. 

Chemical Components of the cell wall:

1- Cellulose: The principal component of plant cell walls is cellulose, a polysaccharide with the empirical formula (C6H10O5)n. These long, thin cellulose molecules tend to hydrogen bond together to form microfibrils. Cellulose has crystalline properties resulting from the orderly arrangement of cellulose molecules in the microfibrils. Such arrangement is restricted to parts of the microfibrils that are referred to as micelles. Less regularly arranged glucose chains occur between and around the micelles and constitute the paracrystalline regions of the microfi bril. The cellulose microfibrils of the wall are embedded in a cross-linked matrix of noncellulosic molecules. These molecules are the polysaccharides known as hemicelluloses and pectins, as well as the structural proteins called glycoproteins.

2- Hemicellulose is a general term for a heterogeneous group of noncrystalline glycans that are tightly bound in the cell wall. The hemicelluloses vary greatly in different cell types and among taxa.

 3- Pectins are probably the most chemically diverse of the noncellulosic polysaccharides.They are characteristic of the primary walls of eudicots and to a lesser extent of monocots. Pectins may account for 30% to 50% of the dry weight of the primary walls of eudicots compared with only 2% to 3% that of monocots.

4- Proteins In addition to the polysaccharides described above, the cell wall matrix may contain structural proteins (glycoproteins). Structural proteins make up about 10% of the dry weight of many primary walls. Among the major classes of structural proteins are the hydroxyproline-rich proteins (HRGPs), the proline-rich proteins (PRPs), and the glycine-rich proteins (GRPs). The best characterized structural proteins are the extensions
 a family of HRGPs, so named because they were originally assumed to be involved with the cell walls extensibility, an idea that now has been abandoned. It appears that extension may play a structural role in development. For example, an extension has been found in the palisade epidermal cells and hourglass cells that make up the outer two cell layers of the soybean seed coat.

5- Callose: linear (1-3)-D-glucan, is deposited between the plasma membrane and the existing cellulosic cell wall (. It is probably best known in the sieve elements of angiosperm phloem, where it is associated with developing sieve pores. Callose is a widely distributed cell wall polysaccharide.

6- Lignins are phenolic polymers formed from the polymerization of three main monomeric units, deposited mainly in cell walls of supporting and conducting tissues.
7- Cutin: It is insoluble lipid polymers, together with its embedded waxes, forms the cuticle, which covers the surface of the epidermis of all aerial parts. The cuticle consists of several layers having arying amounts of cutin, waxes, and cellulose.
8- Suberin is a major component of the cell walls of the secondary protective tissue, cork, or phellem, of the endodermal and exodermal cells of roots, and of the bundle sheath cells enclosing the leaf veins of many of the Cyperaceae, Juncaceae, and Poaceae. In addition to reducing the loss of water from the aerial parts of the plant, suberin restricts apoplastic (via the cell wall) movement of water and solutes and forms a barrier to microbial penetration. Cell wall suberin is characterized by the presence of two domains, a polyphenolic domain and a polyaliphatic domain. The polyphenolic domain incorporated within the primary wall and is covalently linked to the polyaliphatic domain, which is deposited on the inner surface of the primary wall, that is, between the primary wall and the plasma membrane. 

Cell wall layers

Plant cell walls may consist of one or three layers. Each protoplast forms its wall from the outside inward so that the youngest layer of a given wall is in the innermost position, next to the protoplast. The cellulosic layers formed first make up the primary wall. The region of union of the primary walls of adjacent cells is called the middle lamella, or intercellular substance. Many cells deposit additional wall layers; these form the secondary wall. Being deposited after the primary wall, the secondary wall is laid down by the protoplast of the cell on the inner surface of the primary wall.

1- Primary cell wall:  usually consists of one layer, is deposited before and during the growth of the cell. Actively dividing cells commonly have only primary walls, as do most mature cells involved with such metabolic processes as photosynthesis, secretion, and storage. Such cells have relatively thin primary walls, and the primary wall is usually thin in cells having secondary walls. The primary wall may attain considerable thickness, however, as in the collenchyma of stems and leaves and the endosperm of some seeds, although these wall thickenings are considered secondary by some (Frey-Wyssling, 1976). Thick primary walls may show layering, or a polylamellate texture, caused by variations in the orientation of the cellulose microfibrils, from one layer to the next. 

