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Introduction 
Importance of plants:
· Plants are unique and essential to life on earth. 
· Unlike most living things, plants make their own food from sunlight and water. Either directly or indirectly.
· They are the primary food source for humans and other animals. 
· They provide fuel. 
· Replenish the earth’s oxygen supply. 
· Prevent soil erosion.
· Slow down wind movement.
· Cool the atmosphere.
· Provide wildlife habitat.
· Supply medicinal compounds and beautify our surroundings. 

Definitions
· Botany, plant science, plant biology: is a branch of biology and the science of plant life.
· Botanist: A person engaged in the study of botany is called a botanist.
· Botany discipline (branches): 1-structure.      2-growth.         3-disease.      4-reproduction.       5-development.         6-metabolism.      7-taxonomy.     8-chemical properties.   9-evolutionary relationship.
· The main discipline that researches focus on botany is:  1-plant population groups.   2-evolution.      3-physiology.       4-structure.         5-systematic
· Sub discipline in botany : 1-agronomy    2-forestry    3-horticulture    4-paleobotany.


Characters of plant cell: 
· plant cells are eukaryotic because it have membrane-encased nucleus and other orginales.
· central vacuole
· cytoplasm     
· cytosol 
· dictyosome
· endoplasmic reticulum 
· microbodies  
· microfilaments     
· microtubules  
· mitochondria  
· plastids   
· cell wall.
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The difference between Prokaryotic and Eukaryotic Cells
	Descriptions
	Eukaryotic Cell
	Prokaryotic Cell

	Nucleus
	Present
	Absent

	Number of chromosomes
	More than one
	One--but not true chromosome: Plasmids

	Cell Type
	Usually multicellular
	Usually unicellular (some cyanobacteria may be multicellular)

	True Membrane bound Nucleus
	Present
	Absent

	Example
	Animals and Plants
	Bacteria and Archaea

	Genetic Recombination
	Meiosis and fusion of gametes
	Partial, undirectional transfers DNA

	Lysosomes and peroxisomes
	Present
	Absent

	Microtubules
	Present
	Absent or rare

	Endoplasmic reticulum
	Present
	Absent

	Mitochondria
	Present
	Absent

	Cytoskeleton
	Present
	May be absent

	DNA wrapping on proteins.
	Eukaryotes wrap their DNA around proteins called histones.
	Multiple proteins act together to fold and condense prokaryotic DNA. Folded DNA is then organized into a variety of conformations that are supercoiled and wound around tetramers of the HU protein.

	Ribosomes
	larger
	Smaller

	Vesicles
	Present
	Present

	Golgi apparatus
	Present
	Absent

	Chloroplasts
	Present (in plants)
	Absent; chlorophyll scattered in the cytoplasm

	Flagella
	Microscopic in size; membrane bound; usually arranged as nine doublets surrounding two singlets
	Submicroscopic in size, composed of only one fiber

	Permeability of Nuclear Membrane
	Selective
	not present

	Plasma membrane with steroid
	Yes
	Usually no

	Cell wall
	Only in plant cells and fungi (chemically simpler)
	Usually chemically complex

	Vacuoles
	Present
	Present

	Cell size
	10-100um
	1-10um




**Cell divides by: 1- Karyokinesis     2- Cytokinesis
Plant body contains; 1- roots    2- stems    3- leaves
The function of roots:  1-anchor plants into the ground.
    2- gather water and mineral nutrients from soil.
    3- produce hormones.
**fleshy roots (caroot, beets) store carbohydrates
Function of stems : 1- provide support to the leaves.
                                   2- store nutrients.
Function of leaves:    gather sunlight and begin photosynthesis.
***large green- flat-flexible leaves = foliage leaves
Gymnosperm: are seed producing plants which have open seeds, such as Conifers, Cycads , Ginkgo, Gnetophyta.
Angiosperm: are seed –producing plants that produce flowers , having enclosed seeds.
**some of Gymnosperms is the ancestor of Angiosperms.
Woody plants: undergo secondary growth resulting into additional types of tissues wood( secondary xylem) and bark ( secondary phloem and cork).

Plant cell structure:
· All plant cell have a cell wall surrounding the protoplasm.
· All living component in the cell are bounded by a membrane called the plasma membrane.
· Cytosol: is a soup like fluid in which various bodies called organelles dispersed.
· Cytoplasm : all cellular components between the plasma membrane and nucleus.
· Most organelles are surrounded by a membrane.
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The cell wall: 
· Discovered by Robert Hooke in 1665.
· Cell wall defines the shape of the cell.
· Thin walls in leaves are specialized in photosynthesis.
· Thick walls of wood function in water transport.
· The main structural component of cell walls is 1/cellulose.
· Cellulose is composed from long chain of 100-15000 glucose monomers.
· Cellulose is the most abundant polymer on earth.
· Most life on earth relies directly or indirectly on the cell wall.
· Cell walls contains also a matrix of 2/ hemicellulose: it is a glue like substance that holds cellulose fibrils together.
· 3/ pectin: it is organic material that gives stiffness to fruit jellies.
· 4/ glycoproteins: its proteins that have sugars associated with their molecules.
· The first stage in forming cell wall is called middle lamella, which consists of a layer of pectin, this middle lamella is normally shared by two adjacent cells.
· A flexible primary wall consisting of a fine network of cellulose, hemicellulose, pectin, and glycoproteins, is laid down on either side of the middle lamella.
· Secondary walls which are produced inside the primary walls, are derived from primary walls by thickening and inclusion of lignin: a complex polymer.
·  

Communication between cells
 Fluids and dissolved substances can pass through primary walls of adjacent cells via plasmodesmata: they are tiny strands of cytoplasm that extend between the cells through minute openings.
The sugar, amino acids, ions, and other substances translocate through plasmodesmata.
The middle lamella and most cell walls are permeable and permit slower movement of water and dissolved substances between cells.
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Figure 3.20 A. A diagram of two adjacent cells connected by a plasmodesma. B. A diagram of adjacent cells depicting the relative locations of the nucleus, endoplasmic reticulum, and a desmotubule. 

Plasma membrane
· Plasma membrane is the outer boundary of the living part of the cell, its delicate, semipermeable, its important in regulating the movement of substances into and out of the cell.
· *plasma membrane is composed of phospholipids arranged in two layers with proteins interspersed throughout, some proteins extend across the entire width of the membrane, while others are embedded  or loosely bound to the outer surface.

Function of plasma membrane:  
· regulate the movement of substances into and out of the cell.
· production and assembly of cellulose for the cell walls.
[image: The fluid-mosaic model of plasma membranes.]

plasma membrane


Nucleus
· Nucleus  is the control center of the cell, it may appear as a grayish, spherical to ellipsoidal mass, sometimes lying against the plasma membrane to one side of the cell, they are generally 2-15 micrometer in diameter.
· The DNA in the nucleus provides the original information needed to fulfill the cell, like growth and differentiation and other activities of the cell. The nucleus store also hereditary information, which passed from cell to cell as new cells are formed 
· Each nucleus is bounded by two membranes , which together constitute the Nuclear envelope.
· Complex pores about 50-75 nanometers apart, occupy up to one third of the total surface area of the nuclear envelope.
· Proteins that act as channels for molecules are embedded within the pores. The pores permit only certain kinds of molecules.
· Nucleus contains 1/one or more large body called nucleioli: its composed primarily of RNA and associated proteins. 2/ chromatin :(is composed of protein and DNA ).
· When a nucleus divided, the chromatin strands coil, becoming shorter and thicker, and in this condition they called chromosomes, each cell of a given plant has its own fixed number of chromosomes, ex. Radish=18, tongue fern=1000.
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The Endoplasmic Reticulum:
· Endoplasmic reticulum: is an enclosed space consisting of a network of flattened sacs and tubes that form channels throughout the cytoplasm.
· the outer membrane of the nucleus is connected and continuous with endoplasmic reticulum.

The function of Endoplasmic reticulum:
· facilitates cellular communication and channeling of materials.
· the synthesis of membranes for other organelles take place in the endoplasmic reticulum.
· modification of proteins from components assembled from elsewhere within the cell occur on the surface of the E.R. or within its compartments.
· many enzymes involved in the process of cellular respiration are synthesized on the surface of the E.R.

Types of Endoplasmic Reticulum:
1. Rough Endoplasmic Reticulum: it has ribosomes distributed on the surface of the E.R., and is primarily associated with the synthesis, secretion, or storage of proteins.
2. Smooth Endplasmic Reticulum: it has few, if any, ribosomes lining the surface, and is associated with lipid secretion.
Note: both types of E.R. can occur in the same cell, and it can be interconverted, depending on the demands of the cell.
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Ribosomes:
Ribosomes: are tiny bodies that are visible with the aid of an electron microscope, they are ellipsoidal in shape with varied and complex surfaces, they are about 20 nanometer in diameter in most plant cells.
*Ribosomes composed of two subunits that are composed of RNA and proteins, and they can be differentiated by a line toward the center.
*Ribosomal subunits are assembled within the nucleolus, released and in association with special RNA molecules, they initiate protein synthesis, after assembling complete ribosomes may line the outside of E.R., but can also occur unattached in the cytoplasm, chloroplast, or other organelles.
*Ribosomes have no bounding membranes, and because of this some scientists prefer not to call them organelles.(justify= why) 
[image: ]

Dictyosomes:
Dictyosomes: are stacks of flattened discs or vesicles known as dictyosomes may be scattered throughout the cytoplasm of a cell, they are often bounded by branching tubules that originate from the endoplasmic reticulum, but are not directly connected to it.
*there are 5 to 8 dictyosomes per cell are typical.
**the function of Dictyosomes:
1-involved in modification of carbohydrates attached to proteins that are synthesized and packaged in the E.R.
2-complex polysaccharides are also assembled within the dictyosomes and collect in smallvesicles that are pinched off the margine, these vesicles migrates to the plasma membrane, fuse with it and secrete their contents outside of the cell.
3-the enzymes needed for proteins packaging are produced in E.R. and then modified in the dictyosomes.
*the substances secreted by vesicles includes:
1/cell wall polysaccharides      2/floral nectars      3/essential oils found in herbs

Plastids
Types of plastids: 
1/ chloroplasts      2/chromoplasts            3/ leucoplasts
1. Chloroplasts
 they are the most common kind of plastids, they vary in shape and size.in general they may be from 2 to 10 micrometer in diameter, each plastid is bounded by an envelope of two membranes, the outer membrane is derived from E.R., while the inner membrane is originated from the cell membrane of a cyanobacterium.
*Grana: (singular=granum), they are numerous, which formed from membranes and have the appearance of stacks of coins with double membranes. There are 40 to 60 grana linked together by arms in each chloroplast, and each granum may have from 2 or 3 to more than 100 stacked thylakoids( thylakoids= are part of an overlapping and continuous membrane system suspended in the liquid portion of the chloroplast.
**thylakoid membranes contains green chlorophyll and other pigments.
**the thylakoids (coin stacks) are vital to life cause(justify=why), within the thylakoids the first step of the important process of photosynthesis occur.
**stroma: is liquid portion of the chloroplast, its colorless matrix that contains enzymes involved in photosynthesis.
*most the activities that happens in chloroplast are controlled by the genes in the nucleus .
*each chloroplast contains a small circular DNA molecule that encodes for production of certain proteins related to photosynthesis and other activities in chloroplast and cell.
*chloroplast also contains RNA and ribosomes, which facilitate some proteins synthesis (some plastids like in plant tobacco store proteins).
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2. Chromoplasts
Chromoplasts: are another type of plastid found in some cells of more complex plants, they similar to chloroplasts in size , but they vary in shape, often being angular,they are yellow, orange or red in color due to presence of carotenoid pigments, chromoplast could be found in colorful parts of plants like fruits of carrot,tomato.
*some times chromoplast develop from chloroplasts through internal changes that include the disappearance of chlorophyll.

3. leucoplasts
Leucoplast: is another type of plastids, common in cells of higher plants, they are essentially colorless and include amyloplasts, which synthesize starches, and elioplasts that synthesize oils.
**if the leucoplasts exposed to light some of them will develop into chloroplasts, and vice versa


Mitochondria
Mitochondria: are numerous and tiny from 1 to 3 micrometer in length, its rod shaped , and each one is bounded by two membranes, the inner one forms plate like folds and its called cristae.
*the function of cristae is to increase the surface area available to the enzymes contained in a matrix fluid, the matrix fluid contains DNA, RNA, ribosomes, proteins and dissolved substances.
[image: ]
The function of mitochondria: 
· release energy from organic molecules by process of cellular respiration.
· the rearrangement of carbon skeletons and fatty acid chains within the mitochondria.

*justify=why: the mitochondria is often referred to as the powerhouses of the cell?
Because within them the energy is released from organic molecules by the process of cellular respiration.
Microbodies
Microbodies: are various small bodies distributed throughout the cytoplasm tend to give it a granular appearance, they spherical in shape, they contains special enzymes, and they are bounded by a single membrane.
**types of microbodies:
1/ Peroxisomes: they contains enzymes needed by some plants to survive during hot conditions in a process called photorespiration.
2/Glyoxisomes: contains enzymes that aid in the conversion of fats to carbohydrates during th same process above.
**note: peroxisomes usually found associated with chloroplasts, while glyoxisomes usually found near mitochondria.

Vacuoles
*more than 90% of the volume of plant cell may be taken up by one or two large central vacuoles.
*the membrane that bound the vacuoles is called tonoplast.
*the vacuolar membrane is similar in structure and function to plasma membrane .
*cell sap: is a watery fluid that fill the vacuole, and is slightly acidic.
**the function of cell sap in vacuoles( the function of vacuoles):
1-helps to maintains pressures within the cell.
2-contains dissolved substances such as salts, sugars, organic acids, and small quantities of soluble proteins.
3-contains water soluble pigments, called1/ anthocyanins: which are responsible for many of the red, blue, or purple colors of flowers and some reddish leaves.
2/carotenoid(carotenes): they are yellow pigments play a role in fall leaf coloration.
4-some time it contains a large crystals of waste products form within the cell sap.
5-involved in recycling of certain materials within the cell.
6-aid in the break down and digestion of organelles, such as plastids and mitochondria.
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Cytoskeleton
Cytoskeleton: is envolved in movement within a cell, its an intricate network constructed mainly of two kinds of fibers:      1- microtubules      2- microfilaments

1. Microtubules: 
Microtubules: are unbranched, thin, hollow, tubes like structures that resemble tiny straws, they composed of proteins called tubulins, they are mostly found inside the plasma membrane, and also found in special fibers that form spindles and phragmoplasts of dividing cells. 
The functions of Microtubules
· control the addition of cellulose to the cell wall 
· involve in cell division
· movement of cytoplasmic organelles.
· control the movement of vesicles containing cell-wall components assembled by dictyosomes.
· control movements of whiplike flagella and cilia possessed by some cells.

2. Microfilaments 
Microfilaments: they are three or four times thinner than microtubules, and consist of long, fine threads of protein with 6 nanometer in diameter, they are often in bundles.
  The functions of Microtubules
· have a role in contraction and movement of cells in multicellular animals.
· have a role in cytoplasmic streaming that occur in all living cells ( it is referred to as cyclosis), this streaming facilitate exchange of materials within the cell and from cell to cell also.
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Animal Cell

. Cell wall absent. Cellulose in any form is also absent.

. Cytoplasm is denser, more granular and occupies most of the
space in the cell.

. Vacuoles absent. If present, they are small, temporary and
concerned with excretion or secretion.

. Plastids are absent.

S. Centrosomie is present with one or two centrioles.

. Prominent and highly complex Golgi bodies present near the
nucleus.

. Reserve food stored in the form of glycogen.

’ Plant Cell

Cellulose cell wall is present in plant cells.

Cytoplasm is pushed to the periphery and forms a thin lining .
against the cell wall.

Vacuoles are large and prominent. Maybe one or more.

‘Plastids are generally present.

Centrosome is absent but two small clear areas called polar caps
are present. These participate in cell division.

Several subunits of Golgi apparatus called dictyosomes present.

Reserve food stored in the form of starch.
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