AP Biology
Genes and Organism Development

(Associated Learning Objectives: 1.14, 1.15, 1.16, 2.22, 2.31, 2.32, 2.33, 2.34, 2.36, 2.37, 3.1, 3.5, 3.9, 3.11, 3.20, 3.21, 3.22, 3.23, 4.1, 4.7, 4.17)

Important concepts from previous units:
1) Genes are segments of DNA that are the “blueprints” for making proteins and enzymes within cells.

I. Zygote (One 2n cell that is the result of a n sperm fertilizing a n egg.)

A. This cell will give rise to over two hundred different human cells all with the 100% identical genome within them during development.
II. Cell Differentiation (A. K.A. Specialization.)

A. Expressing different genes makes cells different or specialized in function and shape.
B. Specialized functions are the products of “adult” cells.
III. Morphogenesis (“morph” means “body shape”; “genesis” means “creation of”)
A. The process of morphogenesis is the product of cell differentiation occurring during development.
B. Apoptosis (Programmed cell death) is a crucial part of development too. (For example, apoptosis helps to “create” the spaces between your fingers and toes by “killing off” those cells in the webbing.)
C. Morphogenesis in plants:
1. The cells of plants do not move as they are restricted by the cell wall. They mature in place and respond to environmental cues.
2. Plants display continual growth until they die. (The growth occurs at the Apical Meristem. These tissues are found at the tips of roots and stems.)

D. Morphogenesis in animals:
1. The cells of animals move into their final position during development.
2. Animal display limited growth. (They die after a certain number of years.)
IV. Cloning and Clones
A. Cloning is the process of making 100% genetically identical organisms called Clones.
B. Animal Cloning 
1. First step: Remove an egg cell from a female organism.
a. This cell has all the enzymes and machinery to make development possible.
2. Second Step: Remove the Haploid nucleus from the egg cell.
3. Third Step: Take a somatic cell nucleus (Diploid) out of a somatic cell and put it in the egg cell.
4. Fourth Step: Put the “egg” cell in a surrogate organism (female) to develop until birth.
C. Ian Wilmut and Dolly (1997) He was the first to develop this process of cloning. Dolly was the name of the first cloned sheep. 
V. Stem cells

A. These animal cells are said to be Pluripotent. (They can become any type of cell.)(“pluri” means “many”)
1. These cells have many possabilities as to what they will develop into as they develop.

B. They are said to be “embryonic” in development. They also have no genes “locked up”; therefore they can make any protein or enzyme.
C. Origins of stem cells. (Embryonic vs. Adult) Embryonic are found in developing embryos and adult stem cells are found within developed tissues. The difference is that adult stem cells have undergone a small amount of differentiation and therefore CANNOT make every protein/enzyme and therefore are limited in what type of cell they can become. Embryonic stem cells have NOT undergone ANY differentiation. They CAN make every protein/enzymes.
D. Research? Embryonic stem cells are more valuable in research because of the unlimited possibilities. They could cure diseases such as Diabetes or SCIDS, repair spinal cord injuries, or be used to grow new organs for transplants.
VI. Pattern Formation
A. DNA information (genes) that controls the development of the species’ “Pattern”.
B. Each species is unique to an extent in the “pattern” and DNA sequences that creates it.
VII. Positional Information

A. The cell “position” is accomplished through cell-to-cell communication. 
1. Where in relation to the whole organism?
2. What is next to it?
VIII. Maternal Effect Genes (A.K.A. Egg Polarity Genes)
A. Controlling the polarity of the Zygote helps to determine the Head and Tail or Root and Shoot.
B. This “control” is accomplished by production of cytoplasmic determinant proteins and morphogens (Proteins that affect morphogenesis.)
C. They will accumulate on one side of the zygote cell. This accumulation determines the poles of the cell and what each end will start development of in the organism.

D. They are referred to as “maternal” because they are produced in the female egg cell.
IX. Segmentation Genes
A. These genes produce proteins that influence what will happen in a particular segment of an organism.
B. Best examples are insects and crustaceans.
X. Homeotic Genes (A.K.A. Hox genes)

A. These genes are the master control genes for an organism’s development. These are the most important genes in any organism… as the control total development from start to finish.)
B. They contain the Homeobox (A unique DNA nucleotide sequence.)
1. It is a 180 Nucleotide sequence found in Hox genes.
2. Evolution? The more similar the sequence between organisms; the more closely related in terms of evolution they are. The more different the sequence; they less related they are.
