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Course Title:  Biology

Course/Unit Credit:  1

Teacher Licensure:  Life/Earth Science

Grades:  9-12

Biology should investigate the chemistry and role of cells in life processes, genetics, evolution and the diversity of life. Students should learn about the world through the study of behavioral relationships, ecology, and the global impact of ecological issues. Biology should continue to educate the student in the nature of science. Students should be expected to spend time viewing and classifying life forms. Field studies should be an integral part of the course as well as the process of collecting and analyzing data. Instruction and assessment should include both appropriate technology and the safe use of laboratory equipment. Students should be engaged in hands-on laboratory experiences at least 20% of the instructional time.

          Strand                                                             Content Standard

	Molecules and Cells

	
	1.   Students shall demonstrate an understanding of the role of chemistry in life processes.

	 
	2.   Students shall demonstrate an understanding of the structure and function of cells.

	
	3.   Students shall demonstrate an understanding of how cells obtain and use energy (energetics).

	Heredity and Evolution

	
	4.   Students shall demonstrate an understanding of heredity.

	
	5.   Students shall investigate the molecular basis of genetics.

	
	6.   Students shall examine the development of the theory of biological evolution.

	Classification and the Diversity of Life

	
	7.   Students shall demonstrate an understanding that organisms are diverse.

	Ecology and Behavioral Relationships

	
	8.   Students shall demonstrate an understanding of ecological and behavioral relationships among 

      organisms.

	
	9.   Students shall demonstrate an understanding of the ecological impact of global issues.

	Nature of Science

	
	10.  Students shall demonstrate an understanding that science is a way of knowing.

	
	11.  Students shall design and safely conduct a scientific inquiry to solve valid problems.

	 
	12.  Students shall demonstrate an understanding of current life science theories.

	
	13.  Students shall use mathematics, science equipment, and technology as tools to communicate and 

       solve life science problems.

	
	14.  Students shall describe the connections between pure and applied science.

	
	15.  Students shall describe various life science careers and the training required for the selected career.


Strand: Molecules and Cells

                      Standard 1: Students shall demonstrate an understanding of the role of chemistry in life processes.

	MC.1.B.1

Describe the structure and function of the major organic molecules found in living systems:  

· carbohydrates

· proteins
· enzymes

· lipids
· nucleic acids



	 There are four classes of macromolecules (polysaccharides, triglycerides, polypeptides, nucleic acids). These classes perform a variety of functions in cells.
1. Carbohydrates have the general formula [CH2O]n where n is a number between 3 and 6. Note the different CH2O units on the diagram below. Carbohydrates function in short-term energy storage (such as sugar); as intermediate-term energy storage (starch for plants and glycogen for animals); and as structural components in cells (cellulose in the cell walls of plants and many protists), and chitin in the exoskeleton of insects and other arthropods.
Sugars are structurally the simplest carbohydrates. They are the structural unit which makes up the other types of carbohydrates. Monosaccharides are single (mono=one) sugars. Important monosaccharides include ribose (C5H10O5), glucose (C6H12O6), and fructose (same formula but different structure than glucose).
[image: image1.png]Three-carbon
sugar

~c~#°
1

H—C—OH
I

HC—on
H

Five-carbon sugars

HOH H,0H





The chain (left) and ring (center and right) method of representing carbohydrates. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Classification of monosaccharides is done by the number of carbon atoms and the types of functional groups. For example, glucose and fructose have the same chemical formula, but different structure: glucose having an aldehyde (internal hydroxyl shown as: -OH) and fructose having a keto group (internal double-bond O, shown as: =O). 
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Models of glucose and fructose. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

In aqueous solution, glucose tends to have two structures,  and , with an intermediate straight-chain form. The  form and  form differ in the location of one -OH group. Glucose is a common hexose in plants. The products of photosynthesis are assembled to make a glucose. Energy from sunlight is converted into the C-C covalent bond energy. This energy is released in living organisms in such a way that not enough heat is generated at once to incinerate the organisms. One mole of glucose yields 673 Kcal of energy. (A calorie is the amount of heat needed to raise one gram of water one degree C. A Kcal has 1000 times as much energy as a cal.)
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D-Glucose in various views (stick and space-filling) from the web. Right image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Disaccharides are formed when two monosaccharides are chemically bonded together. Sucrose, a common plant disaccharide is composed of the monosaccharides glucose and fructose. Lactose, milk sugar, is a disaccharide composed of glucose and the monosaccharide galactose.
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Formation of a disaccharide (top) by condensation and structure of two common disaccharides. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Polysaccharides are large molecules composed of individual monosaccharide units. A common plant polysaccharide is starch, which is made up of many glucoses (in a polypeptide these are referred to as glucans). Two forms of polysaccharide, amylose and amylopectin makeup what we commonly call starch. The formation of the ester bond by condensation (the removal of water from a molecule) allows the linking of monosaccharides into disaccharides and polysaccharides. Glycogen is an animal storage product that accumulates in the vertebrate liver. 
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Images of starch (top), glycogen (middle), and cellulose (bottom). Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Cellulose is a polysaccharide found in plant cell walls. Cellulose forms the fibrous part of the plant cell wall. In terms of human diets, cellulose is indigestible, and thus forms an important, easily obtained part of dietary fiber. As compared to starch and glycogen, which are each made up of mixtures of  and  glucoses, cellulose (and the animal structural polysaccharide chitin) are made up of only  glucoses. The three-dimensional structure of the structural polysaccharides is thus constrained into straight microfibrils by the uniform nature of the glucoses, which resist the actions of enzymes (such as amylase) that breakdown storage polysaccharides (such a starch).
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Structure of cellulose as it occurs in a plant cell wall. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Cellulose Fibers from Print Paper (SEM x1,080). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

2. Lipids are involved mainly with long-term energy storage. They are generally insoluble in polar substances such as water. Secondary functions of lipids are as structural components (as in the case of phospholipids that are the major building block in cell membranes) and as "messengers" (hormones) that play roles in communications within and between cells. Lipids are composed of three fatty acids (usually) covalently bonded to a 3-carbon glycerol. The fatty acids are composed of CH2 units, and are hydrophobic/not water soluble.
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Saturated (top and middle) and unsaturated (bottom) fatty acids. The term staurated refers to the "saturation" of the molecule by hydrogen atoms. The presence of a double C=C covalent bond reduces the number of hydrogens that can bond to the carbon chain, hence the application of therm "unsaturated". Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Fatty acids can be saturated (meaning they have as many hydrogens bonded to their carbons as possible) or unsaturated (with one or more double bonds connecting their carbons, hence fewer hydrogens). A fat is solid at room temperature, while an oil is a liquid under the same conditions. The fatty acids in oils are mostly unsaturated, while those in fats are mostly saturated. 
Fats and oils function for in energy storage. Animals convert excess sugars (beyond their glycogen storage capacities) into fats. Most plants store excess sugars as starch, although some seeds and fruits have energy stored as oils (e.g. corn oil, peanut oil, palm oil, canola oil, and sunflower oil). Fats yield 9.3 Kcal/gm, while carbohydrates yield 3.79 Kcal/gm. Fats store six times as much energy as glycogen.
Diets are attempts to reduce the amount of fats present in specialized cells known as adipose cells that accumulate in certain areas of the human body. By restricting the intakes of carbohydrates and fats, the body is forced to draw on its own stores to makeup the energy debt. The body responds to this by lowering its metabolic rate, often resulting in a drop of "energy level." Successful diets usually involve three things: decreasing the amounts of carbohydrates and fats; exercise; and behavior modification.
Another use of fats is as insulators and cushions. The human body naturally accumulates some fats in the "posterior" area. Subdermal ("under the skin") fat plays a role in insulation.
Phospholipids and glycolipids are important structural components of cell membranes. Phospholipids are modified so that a phosphate group (PO4-) is added to one of the fatty acids. The addition of this group makes a polar "head" and two nonpolar "tails". Waxes are an important structural component for many organisms, such as the cuticle, a waxy layer covering the leaves and stems of many land plants; and protective coverings on skin and fur of animals.
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Structure of a phospholipid, space-filling model (left) and chain model (right). Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Cholesterol and steroids: Most mention of these two in the news is usually negative. Cholesterol has many biological uses, such as its occurrence in the cell membranes, and its role in forming the sheath of some neurons. Excess cholesterol in the blood has been linked to atherosclerosis, hardening of the arteries. Recent studies suggest a link between arterial plaque deposits of cholesterol, antibodies to the pneumonia-causing form of Chlamydia, and heart attacks. The plaque increases blood pressure, much the way blockages in plumbing cause burst pipes in old houses.
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Structure of four steroids. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

3. Proteins are very important in biological systems as control and structural elements. Control functions of proteins are carried out by enzymes and proteinaceous hormones. Enzymes are chemicals that act as organic catalysts (a catalyst is a chemical that promotes but is not changed by a chemical reaction). Click here for an illustrated page about enzymes. Structural proteins function in the cell membrane, muscle tissue, etc. 
The building block of any protein is the amino acid, which has an amino end (NH2) and a carboxyl end (COOH). The R indicates the variable component (R-group) of each amino acid. Alanine and Valine, for example, are both nonpolar amino acids, but they differ, as do all amino acids, by the composition of their R-groups. All living things (and even viruses) use various combinations of the same twenty amino acids. A very powerful bit of evidence for the phylogenetic connection of all living things. 
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Structure of an amino acid. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Structures in the R-groups of the twenty amino acids found in all living things. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Amino acids are linked together by joining the amino end of one molecule to the carboxyl end of another. Removal of water allows formation of a type of covalent bond known as a peptide bond.
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Formation of a peptide bond between two amino acids by the condensation (dehydration) of the amino end of one amino acid and the acid end of the other amino acid. The above image is from http://zebu.uoregon.edu/internet/images/peptide.gif.

Amino acids are linked together into a polypeptide, the primary structure in the organization of proteins. The primary structure of a protein is the sequence of amino acids, which is directly related to the sequence of information in the RNA molecule, which in turn is a copy of the information in the DNA molecule. Changes in the primary structure can alter the proper functioning of the protein. Protein function is usually tied to their three-dimensional structure. The primary structure is the sequence of amino acids in a polypeptide. 
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Structure of a protein: primary, secondary, tertiary, and quaternary levels of structure. The above images are from http://www.biosci.uga.edu/almanac/bio_103/notes/may_14.html.

The secondary structure is the tendency of the polypeptide to coil or pleat due to H-bonding between R-groups. The tertiary structure is controlled by bonding (or in some cases repulsion) between R-groups. Many proteins, such as hemoglobin, are formed from one or more polypeptides. Such structure is termed quaternary structure. Structural proteins, such as collagen, have regular repeated primary structures. Like the structural carbohydrates, the components determine the final shape and ultimately function. Collagens have a variety of functions in living things, such as the tendons, hide, and corneas of a cow. Keratin is another structural protein. It is found in fingernails, feathers, hair, and rhinoceros horns. Microtubules, important in cell division and structures of flagella and cilia (among other things), are composed of globular structural proteins.
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The above image is from http://nmra.ocms.ox.ac.uk/public/pdb/p17/p17.html and shows HIV p17 protein and similarities of its structure to gamma interferon.

Enzymes are proteins. The functioning of the enzyme is determined by the shape of the protein. The arrangement of molecules on the enzyme produces an area known as the active site within which the specific substrate(s) will "fit". It recognizes, confines and orients the substrate in a particular direction. 
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4. Nucleic acids are polymers composed of monomer units known as nucleotides. There are a very few different types of nucleotides. The main functions of nucleotides are information storage (DNA), protein synthesis (RNA), and energy transfers (ATP and NAD). Nucleotides consist of a sugar, a nitrogenous base, and a phosphate. The sugars are either ribose or deoxyribose. They differ by the lack of one oxygen in deoxyribose. Both are pentoses usually in a ring form. There are five nitrogenous bases. Purines (Adenine and Guanine) are double-ring structures, while pyrimidines (Cytosine, Thymine and Uracil) are single-ringed.
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Structure of two types of nucleotide. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Deoxyribonucleic acid (better known as DNA) is the physical carrier of inheritance for 99% of living organisms. The bases in DNA are C, G, A and T. We will learn more about the DNA structure and function later in the course (click here for a quick look [actually take all the time you want!] ;)). DNA functions in information storage. The English alphabet has 26 letters and over 50,000 words. DNA has 4 letters (C, G, A, and T) and 20 words (the 20 amino acids) that can make an infinite variety of sentences (polypeptides).
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Structure of a segment of a DNA double helix. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Changes in information can alter the meaning of a sentence. 
For example take the sentence: I saw Elvis. This implies certain knowledge (that I've been out in the sun too long without a hat, etc.). 
If we alter the sentence by inverting the middle word, we get: I was Elvis (thank you, thank you very much). Now we have greatly altered the information. 
A third alteration will change the meaning: I was Levis. Clearly the original sentence's meaning is now greatly changed.
Changes in DNA information will be translated into changes in the primary structure of a polypeptide, and from there to the secondary and tertiary structures. A mutation is any change in the DNA base sequence. Most mutations are harmful, few are neutral, and a very few are beneficial and contribute the organism's reproductive success. Mutations are the wellspring of variation, variation is central to Darwin and Wallace's theory of evolution by natural selection.
Ribonucleic acid (RNA) was discovered after DNA. DNA, with exceptions in chloroplasts and mitochondria, is restricted to the nucleus (in eukaryotes, the nucleoid region in prokaryotes). RNA occurs in the nucleus as well as in the cytoplasm (also remember that it occurs as part of the ribosomes that line the rough endoplasmic reticulum). There are three types of RNA:
Messenger RNA (mRNA) is the blueprint for construction of a protein. 
Ribosomal RNA (rRNA) is the construction site where the protein is made. 
Transfer RNA (tRNA) is the truck delivering the proper amino acid to the site at the right time.
Details of RNA and its role in protein synthesis are available by clicking here. 
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 Structure a RNA molecule. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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	MC.1.B.2

Describe the relationship between an enzyme and its substrate molecule(s)

Enzymes: Organic Catalysts

Enzymes allow many chemical reactions to occur within the homeostasis constraints of a living system. Enzymes function as organic catalysts. A catalyst is a chemical involved in, but not changed by, a chemical reaction. Many enzymes function by lowering the activation energy of reactions. By bringing the reactants closer together, chemical bonds may be weakened and reactions will proceed faster than without the catalyst.
Enzymes can act rapidly, as in the case of carbonic anhydrase (enzymes typically end in the -ase suffix), which causes the chemicals to react 107 times faster than without the enzyme present. Carbonic anhydrase speeds up the transfer of carbon dioxide from cells to the blood. There are over 2000 known enzymes, each of which is involved with one specific chemical reaction. Enzymes are substrate specific. The enzyme peptidase (which breaks peptide bonds in proteins) will not work on starch (which is broken down by human-produced amylase in the mouth).
Enzymes are proteins. The functioning of the enzyme is determined by the shape of the protein. The arrangement of molecules on the enzyme produces an area known as the active site within which the specific substrate(s) will "fit". It recognizes, confines and orients the substrate in a particular direction. 
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Space filling model of an enzyme working on glucose. Note the shape change in the enzyme (indicated by the red arrows) after glucose has fit into the binding or active site. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The induced fit hypothesis suggests that the binding of the substrate to the enzyme alters the structure of the enzyme, placing some strain on the substrate and further facilitating the reaction. Cofactors are nonproteins essential for enzyme activity. Ions such as K+ and Ca+2 are cofactors. Coenzymes are nonprotein organic molecules bound to enzymes near the active site. NAD (nicotinamide adenine dinucleotide).
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A cartoonish view of the formation of an enzyme-substrate complex. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Enzymatic pathways form as a result of the common occurrence of a series of dependent chemical reactions. In one example, the end product depends on the successful completion of five reactions, each mediated by a specific enzyme. The enzymes in a series can be located adjacent to each other (in an organelle or in the membrane of an organelle), thus speeding the reaction process. Also, intermediate products tend not to accumulate, making the process more efficient. By removing intermediates (and by inference end products) from the reactive pathway, equilibrium (the tendency of reactions to reverse when concentrations of the products build up to a certain level) effects are minimized, since equilibrium is not attained, and so the reactions will proceed in the "preferred" direction.
Temperature: Increases in temperature will speed up the rate of nonenzyme mediated reactions, and so temperature increase speeds up enzyme mediated reactions, but only to a point. When heated too much, enzymes (since they are proteins dependent on their shape) become denatured. When the temperature drops, the enzyme regains its shape. Thermolabile enzymes, such as those responsible for the color distribution in Siamese cats and color camouflage of the Arctic fox, work better (or work at all) at lower temperatures.
Concentration of substrate and product also control the rate of reaction, providing a biofeedback mechanism.
Activation, as in the case of chymotrypsin, protects a cell from the hazards or damage the enzyme might cause.
Changes in pH will also denature the enzyme by changing the shape of the enzyme. Enzymes are also adapted to operate at a specific pH or pH range. 
Allosteric Interactions may allow an enzyme to be temporarily inactivated. Binding of an allosteric effector changes the shape of the enzyme, inactivating it while the effector is still bound. Such a mechanism is commonly employed in feedback inhibition. Often one of the products, either an end or near-end product act as an allosteric effector, blocking or shunting the pathway. 


	MC.1.B.3

Investigate the properties and importance of water and its significance for life: 

· surface tension

· adhesion

· cohesion

· polarity

· pH

Structure of Water

It can be quite correctly argued that life exists on Earth because of the abundant liquid water. Other planets have water, but they either have it as a gas (Venus) or ice (Mars). Recent studies of mars reveal the presence sometime in the past of running fluid, possibly water. The chemical nature of water is thus one we must examine as it permeates living systems: water is a universal solvent, and can be too much of a good thing for some cells to deal with.
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Water can exist in all three states of matter on Earth, while only in one state on our two nearest neighboring planets. The above graph is from http://www.crseo.ucsb.edu/IOM2/Triple_Point.html.

Water is polar covalently bonded within the molecule. This unequal sharing of the electrons results in a slightly positive and a slightly negative side of the molecule. Other molecules, such as Ethane, are nonpolar, having neither a positive nor a negative side. 
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The difference between a polar (water) and nonpolar (ethane) molecule is due to the unequal sharing of electrons within the polar molecule. Nonpolar molecules have electrons equally shared within their covalent bonds. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

These link up by the hydrogen bond discussed earlier. Consequently, water has a great interconnectivity of individual molecules, which is caused by the individually weak hydrogen bonds that can be quite strong when taken by the billions.
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Formation of a hydrogen bond between the hydrogen side of one water molecule and the oxygen side of another water molecule. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Water has been referred to as the universal solvent. Living things are composed of atoms and molecules within aqueous solutions (solutions that have materials dissolved in water). Solutions are uniform mixtures of the molecules of two or more substances. The solvent is usually the substance present in the greatest amount (and is usually also a liquid). The substances of lesser amounts are the solutes.
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Dissolution of an ionically bonded compound, sodium chloride, by water molecules. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The solubility of many molecules is determined by their molecular structure. You are familiar with the phrase "mixing like oil and water." The biochemical basis for this phrase is that the organic macromolecules known as lipids (of which fats are an important, although often troublesome, group) have areas that lack polar covalent bonds. The polar covalently bonded water molecules act to exclude nonpolar molecules, causing the fats to clump together. The structure of many molecules can greatly influence their solubility. Sugars, such as glucose, have many hydroxyl (OH) groups, which tend to increase the solubility of the molecule.
Water tends to disassociate into H+ and OH- ions. In this disassociation, the oxygen retains the electrons and only one of the hydrogens, becoming a negatively charged ion known as hydroxide. Pure water has the same number (or concentration) of H+ as OH- ions. Acidic solutions have more H+ ions than OH- ions. Basic solutions have the opposite. An acid causes an increase in the numbers of H+ ions and a base causes an increase in the numbers of OH- ions.
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pH of some common items. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The pH scale is a logarithmic scale representing the concentration of H+ ions in a solution. Remember that as the H+ concentration increases the OH- concentration decreases and vice versa . If we have a solution with one in every ten molecules being H+, we refer to the concentration of H+ ions as 1/10. Remember from algebra that we can write a fraction as a negative exponent, thus 1/10 becomes 10-1. Conversely 1/100 becomes 10-2 , 1/1000 becomes 10-3, etc. Logarithms are exponents to which a number (usually 10) has been raised. For example log 10 (pronounced "the log of 10") = 1 (since 10 may be written as 101). The log 1/10 (or 10-1) = -1. pH, a measure of the concentration of H+ ions, is the negative log of the H+ ion concentration. If the pH of water is 7, then the concentration of H+ ions is 10-7, or 1/10,000,000. In the case of strong acids, such as hydrochloric acid (HCl), an acid secreted by the lining of your stomach, [H+] (the concentration of H+ ions, written in a chemical shorthand) is 10-1; therefore the pH is 1.

Adhesion and Cohesion
Water is attracted to other water. This is called cohesion. Water can also be attracted to other materials. This is called adhesion. 
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The oxygen end of water has a negative charge and the hydrogen end has a positive charge. The hydrogens of one water molecule are attracted to the oxygen from other water molecules. This attractive force is what gives water its cohesive and adhesive properties.
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Surface Tension
Surface tension is the name we give to the cohesion of water molecules at the surface of a body of water. Try this at home: place a drop of water onto a piece of wax paper. Look closely at the drop. What shape is it? Why do you think it is this shape?

What is happening? Water is not attracted to wax paper (there is no adhesion between the drop and the wax paper). Each molecule in the water drop is attracted to the other water molecules in the drop. This causes the water to pull itself into a shape with the smallest amount of surface area, a bead (sphere). All the water molecules on the surface of the bead are 'holding' each other together or creating surface tension.
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Surface tension allows water striders to 'skate' across the top of a pond. You can experiment with surface tension. Try floating a pin or a paperclip on the top if a glass of water. A metal pin or paper clip is heavier than water, but because of the surface tension the water is able to hold up the metal.



	MC.1.B.4

Explain the role of energy in chemical reactions of living systems:

· activation energy

· exergonic reactions
· endergonic reactions
Endergonic and Exergonic

Energy releasing processes, ones that "generate" energy, are termed exergonic reactions. Reactions that require energy to initiate the reaction are known as endergonic reactions. All natural processes tend to proceed in such a direction that the disorder or randomness of the universe increases (the second law of thermodynamics). 
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Time-energy graphs of an exergonic reaction (top) and endergonic reaction (bottom). Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Enzymes allow many chemical reactions to occur within the homeostasis constraints of a living system. Enzymes function as organic catalysts. A catalyst is a chemical involved in, but not changed by, a chemical reaction. Many enzymes function by lowering the activation energy of reactions. By bringing the reactants closer together, chemical bonds may be weakened and reactions will proceed faster than without the catalyst.
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The use of enzymes can lower the activation energy of a reaction (Ea). Image from Purves et al




Strand: Molecules and Cells

                      Standard 2: Students shall demonstrate an understanding of the structure and function of cells.

	MC.2.B.1

Construct a hierarchy of life from cells to ecosystems

Biosphere: The sum of all living things taken in conjunction with their environment. In essence, where life occurs, from the upper reaches of the atmosphere to the top few meters of soil, to the bottoms of the oceans. We divide the earth into atmosphere (air), lithosphere (earth), hydrosphere (water), and biosphere (life).
Ecosystem: The relationships of a smaller groups of organisms with each other and their environment. Scientists often speak of the interrelatedness of living things. Since, according to Darwin's theory, organisms adapt to their environment, they must also adapt to other organisms in that environment. We can discuss the flow of energy through an ecosystem from photosynthetic autotrophs to herbivores to carnivores.
Community: The relationships between groups of different species. For example, the desert communities consist of rabbits, coyotes, snakes, birds, mice and such plants as sahuaro cactus (Carnegia gigantea), Ocotillo, creosote bush, etc. Community structure can be disturbed by such things as fire, human activity, and over-population.
Species: Groups of similar individuals who tend to mate and produce viable, fertile offspring. We often find species described not by their reproduction (a biological species) but rather by their form (anatomical or form species).
Populations: Groups of similar individuals who tend to mate with each other in a limited geographic area. This can be as simple as a field of flowers, which is separated from another field by a hill or other area where none of these flowers occur.
Individuals: One or more cells characterized by a unique arrangement of DNA "information". These can be unicellular or multicellular. The multicellular individual exhibits specialization of cell types and division of labor into tissues, organs, and organ systems.
Organ System: (in multicellular organisms). A group of cells, tissues, and organs that perform a specific major function. For example: the cardiovascular system functions in circulation of blood.
Organ: (in multicellular organisms). A group of cells or tissues performing an overall function. For example: the heart is an organ that pumps blood within the cardiovascular system.
Tissue: (in multicellular organisms). A group of cells performing a specific function. For example heart muscle tissue is found in the heart and its unique contraction properties aid the heart's functioning as a pump. .
Cell: The fundamental unit of living things. Each cell has some sort of hereditary material (either DNA or more rarely RNA), energy acquiring chemicals, structures, etc. Living things, by definition, must have the metabolic chemicals plus a nucleic acid hereditary information molecule.
Organelle: A subunit of a cell, an organelle is involved in a specific subcellular function, for example the ribosome (the site of protein synthesis) or mitochondrion (the site of ATP generation in eukaryotes).
Molecules, atoms, and subatomic particles: The fundamental functional levels of biochemistry.
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Organization levels of life, in a graphic format. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

It is thus possible to study biology at many levels, from collections of organisms (communities), to the inner workings of a cell (organelle).


	MC.2.B.2

Compare and contrast prokaryotes and eukaryotes

Prokaryotes are among the most primitive forms of life on earth. Remember that primitive does not necessarily equate to outdated and unworkable in an evolutionary sense, since primitive bacteria seem little changed, and thus may be viewed as well adapted, for over 3.5 Ga. Prokaryote (pro=before, karyo=nucleus): these organisms lack membrane-bound organelles, although some internal membrane organization is observable in some prokaryotic autotrophs such as the membrane lamellae associated with the photosynthetic chemicals as exemplified by the photosynthetic bacterium Prochloron.

The nucleus occurs only in eukaryotic cells, and is the location of the majority of different types of nucleic acids.
Cells have evolved two basic architectural plans

1. Cells without a nucleus = Prokaryotes (can also be spelled procaryotes) 

· includes the Bacteria and Archaea 

· generally very small, unicellular 

· the earliest and still most abundant life forms; evolved ~ 4 billion years ago 

· some species highly evolved pathogens: e.g. Borrelia burgdorferi, the cause of Lyme disease. 

[image: image52.png]Eukaryote
DNA

Prokaryote

DN organized ina single
chromosome.
No nucleus. No mitosis.
DN organized inmuliple
chromosomes nside a nucleus.
Mitotic division.




Image drawn by Thomas M. Terry for The Biology Place. Used with permission. 

2. Cells with a nucleus = Eukaryotes (eucaryotes) 

· include the Animals, Plants, Fungi, and Protists 

· some unicellular, some multicellular forms 

· evolved ~ 1 billion years ago 
· size ranges from tiny yeasts to giant sequoias, dinosaurs
Eucaryotic Cell Structure and Cell Components
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Diagram of a Eucaryotic cell -- see text for identification

Eucaryotic cells are organized into different compartments
· Compartments bounded by membranes (to be discussed in Ch. 8) 

· Cytoplasm = central metabolic compartment, bounded by cell membrane. Other compartments inside cytoplasm are called organelles 

Compartmentation allows specialized functions to be carried out in different locations



	MC.2.B.3

Describe the role of sub-cellular structures in the life of a cell: 

· organelles
· ribosomes
· cytoskeleton
The nucleus
The nucleus occurs only in eukaryotic cells, and is the location of the majority of different types of nucleic acids. Van Hammerling's experiment (click here for a diagram) showed the role of the nucleus in controlling the shape and features of the cell. Deoxyribonucleic acid, DNA, is the physical carrier of inheritance and with the exception of plastid DNA (cpDNA and mDNA, see below) all DNA is restricted to the nucleus. Ribonucleic acid, RNA, is formed in the nucleus by coding off of the DNA bases. RNA moves out into the cytoplasm. The nucleolus is an area of the nucleus (usually 2 nucleoli per nucleus) where ribosomes are constructed.
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Structure of the nucleus. Note the chromatin, uncoiled DNA that occupies the space within the nuclear envelope. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Liver cell nucleus and nucleolus (TEM x20,740). Cytoplasm, mitochondria, endoplasmic reticulum, and ribosomes also shown.This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

The nuclear envelope is a double-membrane structure. Numerous pores occur in the envelope, allowing RNA and other chemicals to pass, but the DNA not to pass. 
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Structure of the nuclear envelope and nuclear pores. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Nucleus with Nuclear Pores (TEM x73,200). The cytoplasm also contains numerous ribosomes. This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Cytoplasm

The cytoplasm was defined earlier as the material between the plasma membrane (cell membrane) and the nuclear envelope. Fibrous proteins that occur in the cytoplasm, referred to as the cytoskeleton maintain the shape of the cell as well as anchoring organelles, moving the cell and controlling internal movement of structures. Microtubules function in cell division and serve as a "temporary scaffolding" for other organelles. Actin filaments are thin threads that function in cell division and cell motility. Intermediate filaments are between the size of the microtubules and the actin filaments.
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Actin and tubulin components of the cytoskeleton. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Vacuoles and vesicles

Vacuoles are single-membrane organelles that are essentially part of the outside that is located within the cell. The single membrane is known in plant cells as a tonoplast. Many organisms will use vacuoles as storage areas. Vesicles; are much smaller than vacuoles and function in transport within and to the outside of the cell.
Ribosomes

Ribosomes are the sites of protein synthesis. They are not membrane-bound and thus occur in both prokaryotes and eukaryotes. Eukaryotic ribosomes are slightly larger than prokaryotic ones. Structurally the ribosome consists of a small and larger subunit. Biochemically the ribosome consists of ribosomal RNA (rRNA) and some 50 structural proteins. Often ribosomes cluster on the endoplasmic reticulum, in which case they resemble a series of factories adjoining a railroad line. Click here for Ribosomes (More than you ever wanted to know about ribosomes!)
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Structure of the ribosome. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Ribosomes and Polyribosomes - liver cell (TEM x173,400). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Endoplasmic reticulum

Endoplasmic reticulum is a mesh of interconnected membranes that serve a function involving protein synthesis and transport. Rough endoplasmic reticulum (Rough ER) is so-named because of its rough appearance due to the numerous ribosomes that occur along the ER. Rough ER connects to the nuclear envelope through which the messenger RNA (mRNA) that is the blueprint for proteins travels to the ribosomes. Smooth ER; lacks the ribosomes characteristic of Rough ER and is thought to be involved in transport and a variety of other functions.
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The endoplasmic reticulum. Rough endoplasmic reticulum is on the left, smooth endoplasmic reticulum is on the right. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Rough Endoplasmic Reticulum with Ribosomes (TEM x61,560). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Golgi Apparatus and Dictyosomes

Golgi Complexes are flattened stacks of membrane-bound sacs. They function as a packaging plant, modifying vesicles from the Rough ER. New membrane material is assembled in various cisternae of the golgi.
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Structure of the Golgi apparatus and its functioning in vesicle-mediated transport. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Golgi Apparatus in a plant parenchyma cell from Sauromatum guttatum (TEM x145,700). Note the numerous vesicles near the Golgi. This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Lysosomes

Lysosomes are relatively large vesicles formed by the Golgi. They contain hydrolytic enzymes that could destroy the cell. Lysosome contents function in the extracellular breakdown of materials.
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Role of the Golgi in forming lysosomes. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Mitochondria

Mitochondria contain their own DNA (termed mDNA) and are thought to represent bacteria-like organisms incorporated into eukaryotic cells over 700 million years ago (perhaps even as far back as 1.5 billion years ago). They function as the sites of energy release (following glycolysis in the cytoplasm) and ATP formation (by chemiosmosis). The mitochondrion has been termed the powerhouse of the cell. Mitochondria are bounded by two membranes. The inner membrane folds into a series of cristae, which are the surfaces on which ATP is generated. 
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Structure of a mitochondrion. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Muscle Cell Mitochondrion (TEM x190,920). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Mitochondria and endosymbiosis
During the 1980s, Lynn Margulis proposed the theory of endosymbiosis to explain the origin of mitochondria and chloroplasts from permanent resident prokaryotes. According to this idea, a larger prokaryote (or perhaps early eukaryote) engulfed or surrounded a smaller prokaryote some 1.5 billion to 700 million years ago. 
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The basic events in endosymbiosis. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Instead of digesting the smaller organisms the large one and the smaller one entered into a type of symbiosis known as mutualism, wherein both organisms benefit and neither is harmed. The larger organism gained excess ATP provided by the "protomitochondrion" and excess sugar provided by the "protochloroplast", while providing a stable environment and the raw materials the endosymbionts required. This is so strong that now eukaryotic cells cannot survive without mitochondria (likewise photosynthetic eukaryotes cannot survive without chloroplasts), and the endosymbionts can not survive outside their hosts. Nearly all eukaryotes have mitochondria. Mitochondrial division is remarkably similar to the prokaryotic methods that will be studied later in this course.
Cell Movement
Cell movement; is both internal, referred to as cytoplasmic streaming and external, referred to as motility. Internal movements of organelles are governed by actin filaments. These filaments make an area in which organelles such as chloroplasts can move. Internal movement is known as cytoplasmic streaming. External movement of cells is determined by special organelles for locomotion.
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The cytoskeleton. Image from Prentice Hall.

Cilia and flagella are similar except for length, cilia being much shorter. They both have the characteristic 9 + 2 arrangement of microtubules. 
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The 9+2 arrangement of microtubules in a flagellum or cilium. Image from Prentice Hall.
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Cilia from an epithelial cell in cross section (TEM x199,500). Note the 9 + 2 arrangement of cilia. This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Flagella work as whips pulling (as in Chlamydomonas or Halosphaera) or pushing (dinoflagellates, a group of single-celled Protista) the organism through the water. Cilia work like oars on a viking longship (Paramecium has 17,000 such oars covering its outer surface).
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Movement of cilia and flagella. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Pseudopodia are used by many cells, such as Amoeba, Chaos (Pelomyxa) and human leukocytes (white blood cells). These are not structures as such but rather are associated with actin near the moving edge.
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Formation and functioning of a pseudopod by an amoeboid cell. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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· One or more per cell 

· Spherical shape 

· Denser than surrounding cytoplasm
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Chromosomes
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- Usually in the form of chromatin
- Contains genetic information
- Composed of DNA
- Thicken for cellular division
- Set number per species (i.e. 23 pairs for human)
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Nuclear membrane
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- Surrounds nucleus
- Composed of two layers
- Numerous openings for nuclear traffic
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Nucleolus
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- Spherical shape
- Visible when cell is not dividing
- Contains RNA for protein manufacture
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· Collective term for cytosol and organelles contained within 

· Colloidal suspension 

· Cytosol mainly composed of water with free-floating molecules 

· Viscosity constantly changes
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Centrioles
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- Paired cylindrical organelles near nucleus
- Composed of nine tubes, each with three tubules
- Involved in cellular division
- Lie at right angles to each other
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Chloroplasts
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- A plastid usually found in plant cells
- Contain green chlorophyll where photosynthesis takes place
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Cytoskeleton
[image: image88.jpg]



- Composed of microtubules
- Supports cell and provides shape
- Aids movement of materials in and out of cells
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Endoplasmic reticulum
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- Tubular network fused to nuclear membrane
- Goes through cytoplasm onto cell membrane
- Stores, separates, and serves as cell's transport system
- Smooth type: lacks ribosomes
- Rough type (pictured): ribosomes embedded in surface
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Golgi apparatus
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- Protein 'packaging plant'
- A membrane structure found near nucleus
- Composed of numerous layers forming a sac
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Lysosome
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- Digestive 'plant' for proteins, lipids, and carbohydrates
- Transports undigested material to cell membrane for removal
- Vary in shape depending on process being carried out
- Cell breaks down if lysosome explodes
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Mitochondria
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- Second largest organelle with unique genetic structure
- Double-layered outer membrane with inner folds called cristae
- Energy-producing chemical reactions take place on cristae
- Controls level of water and other materials in cell
- Recycles and decomposes proteins, fats, and carbohydrates, and forms urea
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Ribosomes
[image: image98.jpg]



- Each cell contains thousands
- Miniature 'protein factories'
- Composes 25% of cell's mass
- Stationary type: embedded in rough endoplasmic reticulum
- Mobile type: injects proteins directly into cytoplasm
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Vacuoles
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- Membrane-bound sacs for storage, digestion, and waste removal
- Contains water solution
- Contractile vacuoles for water removal (in unicellular organisms)
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Cell wall
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- Most commonly found in plant cells
- Controls turgity
- Extracellular structure surrounding plasma membrane
- Primary cell wall: extremely elastic
- Secondary cell wall: forms around primary cell wall after growth is complete
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Plasma membrane
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- Outer membrane of cell that controls cellular traffic
- Contains proteins (left, gray) that span through the membrane and allow passage of materials
- Proteins 


	MC.2.B.4

Relate the function of the plasma (cell) membrane to its structure 

The Cell Membrane
The cell membrane functions as a semi-permeable barrier, allowing a very few molecules across it while fencing the majority of organically produced chemicals inside the cell. Electron microscopic examinations of cell membranes have led to the development of the lipid bilayer model (also referred to as the fluid-mosaic model). The most common molecule in the model is the phospholipid, which has a polar (hydrophilic) head and two nonpolar (hydrophobic) tails. These phospholipids are aligned tail to tail so the nonpolar areas form a hydrophobic region between the hydrophilic heads on the inner and outer surfaces of the membrane. This layering is termed a bilayer since an electron microscopic technique known as freeze-fracturing is able to split the bilayer. 
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Diagram of a phospholipid bilayer. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Phospholipids and glycolipids are important structural components of cell membranes. Phospholipids are modified so that a phosphate group (PO4-) replaces one of the three fatty acids normally found on a lipid. The addition of this group makes a polar "head" and two nonpolar "tails".
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Structure of a phospholipid, space-filling model (left) and chain model (right). Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Diagram of a cell membrane. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Cell Membranes from Opposing Neurons (TEM x436,740). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Cholesterol is another important component of cell membranes embedded in the hydrophobic areas of the inner (tail-tail) region. Most bacterial cell membranes do not contain cholesterol. 
Proteins are suspended in the inner layer, although the more hydrophilic areas of these proteins "stick out" into the cells interior as well as the outside of the cell. These integral proteins are sometimes known as gateway proteins. Proteins also function in cellular recognition, as binding sites for substances to be brought into the cell, through channels that will allow materials into the cell via a passive transport mechanism, and as gates that open and close to facilitate active transport of large molecules.
The outer surface of the membrane will tend to be rich in glycolipids, which have their hydrophobic tails embedded in the hydrophobic region of the membrane and their heads exposed outside the cell. These, along with carbohydrates attached to the integral proteins, are thought to function in the recognition of self. Multicellular organisms may have some mechanism to allow recognition of those cells that belong to the organism and those that are foreign. Many, but not all, animals have an immune system that serves this sentry function. When a cell does not display the chemical markers that say "Made in Mike", an immune system response may be triggered. This is the basis for immunity, allergies, and autoimmune diseases. Organ transplant recipients must have this response suppressed so the new organ will not be attacked by the immune system, which would cause rejection of the new organ. Allergies are in a sense an over reaction by the immune system. Autoimmune diseases, such as rheumatoid arthritis and systemic lupus erythmatosis, happen when for an as yet unknown reason, the immune system begins to attack certain cells and tissues in the body. 


	MC.2.B.5

Compare and contrast the structures of an animal cell to a plant cell 

The Cell Wall
Not all living things have cell walls, most notably animals and many of the more animal-like Protistans. Bacteria have cell walls containing peptidoglycan. Plant cells have a variety of chemicals incorporated in their cell walls. Cellulose is the most common chemical in the plant primary cell wall. Some plant cells also have lignin and other chemicals embedded in their secondary walls. The cell wall is located outside the plasma membrane. Plasmodesmata are connections through which cells communicate chemically with each other through their thick walls. Fungi and many protists have cell walls although they do not contain cellulose, rather a variety of chemicals (chitin for fungi).
[image: image110.png]Golgi Rough endoplasmic
apparatus reticulum

Mitochondrion F

Nucleus

Chloroplast




Structure of a typical plant cell. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Lily Parenchyma Cell (cross-section) (TEM x7,210). Note the large nucleus and nucleolus in the center of the cell, mitochondria and plastids in the cytoplasm. This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.
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Structure of an animal cell. The above image is from http://www.biosci.uga.edu/almanac/bio_103/notes/may_15.html.
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Liver Cell (TEM x9,400). This image is copyright Dennis Kunkel This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Plastids
Plastids are also membrane-bound organelles that only occur in plants and photosynthetic eukaryotes.
Chloroplasts are the sites of photosynthesis in eukaryotes. They contain chlorophyll, the green pigment necessary for photosynthesis to occur, and associated accessory pigments (carotenes and xanthophylls) in photosystems embedded in membranous sacs, thylakoids (collectively a stack of thylakoids are a granum [plural = grana]) floating in a fluid termed the stroma. Chloroplasts contain many different types of accessory pigments, depending on the taxonomic group of the organism being observed.
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Structure of the chloroplast. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Chloroplasts and endosymbiosis
Like mitochondria, chloroplasts have their own DNA, termed cpDNA. Chloroplasts of Green Algae (Protista) and Plants (descendants of some Green Algae) are thought to have originated by endosymbiosis of a prokaryotic alga similar to living Prochloron (Prochlorobacteria). Chloroplasts of Red Algae (Protista) are very similar biochemically to cyanobacteria (also known as blue-green bacteria [algae to chronologically enhanced folks like myself :)]). Endosymbiosis is also invoked for this similarity, perhaps indicating more than one endosymbiotic event occurred.
Leukoplasts store starch, sometimes protein or oils.
Chromoplasts store pigments associated with the bright colors of flowers and/or fruits.


	MC.2.B.6

Compare and contrast the functions of autotrophs and heterotrophs

Heterotroph (other-feeder): an organism that obtains its energy from another organism. Animals, fungi, bacteria, and mant protistans are heterotrophs. 
Autotroph (self-feeder): an organism that makes its own food, it converts energy from an inorganic source in one of two ways. Photosynthesis is the conversion of sunlight energy into C-C covalent bonds of a carbohydrate, the process by which the vast majority of autotrophs obtain their energy. Chemosynthesis is the capture of energy released by certain inorganic chemical reactions. This is common in certain groups of likely that chemosynthesis predates photosynthesis. At mid-ocean ridges, scientists have discovered black smokers, vents that release chemicals into the water. These chemical reactions could have powered early ecosystems prior to the development of an ozone layer that would have permitted life to occupy the shallower parts of the ocean. Evidence of the antiquity of photosynthesis includes: a) biochemical precursors to photosynthesis chemicals have been synthesized in experiments; and b) when placed in light, these chemicals undergo chemical reactions similar to some that occur in primitive photosynthetic bacteria.
autotroph 






Green (from chlorophyll) fronds of a maidenhair fern: a photoautotroph

An autotroph (from the Greek autos = self and trophe = nutrition) is an organism that produces organic compounds from carbon dioxide as a carbon source, using either light, or reactions of inorganic chemical compounds, as a source of energy. An autotroph is a producer. Plants and other organisms that carry out photosynthesis are phototrophs (or photoautotrophs). Bacteria that utilize the oxidation of inorganic compounds such as hydrogen sulfide or ferrous iron as an energy source are chemoautotrophs.

Autotrophs are a vital part of the food chain of an ecosystem. They take energy from the sun (or from inorganic sources) and convert it into a form (carbon-based or organic molecules) that is used to carry out various biological functions such as cell growth, and that other organisms, called heterotrophs, utilize as food. Thus, heterotrophs—animals, fungi, as well as most bacteria and protozoa—depend on autotrophs for both energy and raw materials to make complex organic molecules. Heterotrophs obtain energy by breaking down organic molecules obtained in food. Carnivorous animals ultimately also rely on autotrophs because the energy and organic building blocks obtained from their prey comes from autotrophs eaten by the prey.

There are some species of organisms that require organic compounds as a source of carbon, but are able to use light or inorganic compounds as a source of energy. Such organisms are not defined as autotrophic, but rather as heterotrophic. An organism that obtains carbon from organic compounds but obtains energy from light is called a photoheterotroph, while an organism that obtains carbon from organic compounds but obtains energy from the oxidation of inorganic compounds is termed a chemoheterotroph.

heterotroph 
A heterotroph (Greek heteron = (an)other and trophe = nutrition) is an organism that requires organic substrates to get its carbon for growth and development. Contrast with autotrophs which use carbon dioxide as sole carbon source. All animals are heterotrophic, as well as fungi and many bacteria. Some parasitic plants have also turned fully or partially heterotrophic, whereas carnivorous plants use their flesh diet to augment their nitrogen supply, but are still autotrophic.

Heterotrophs are unable to synthesize organic, carbon based compounds independently from the inorganic environment's sources (e.g. Animalia, unlike Plantae, cannot photosynthesize) and therefore must obtain their nutrition from another heterotroph or an autotroph.

For a species to be termed a heterotroph, it must obtain its carbon from organic compounds. If it obtains nitrogen from organic compounds, but not carbon, it will be deemed an autotroph. If a species obtains carbon from organic compounds and a) obtains energy from light or b) obtains energy from the oxidation of inorganic compounds, it is called a photoheterotroph and a chemoheterotroph respectively.

In simpler terms, an heterotroph is an organism that is incapable of making its own food from light or inorganic compounds, and feeds on organisms or the remains of other organisms to get its necessary energy to survive.



	MC.2.B.7

Compare and contrast active transport and passive transport mechanisms:

· diffusion 
· osmosis
· endocytosis
· exocytosis
· phagocytosis
· pinocytosis
Diffusion is the net movement of a substance (liquid or gas) from an area of higher concentration to one of lower concentration. You are on a large (10 ft x 10 ft x10 ft) elevator. An obnoxious individual with a lit cigar gets on at the third floor with the cigar still burning. You are also unfortunate enough to be in a very tall building and the person says "Hey we're both going to the 62nd floor!" Disliking smoke you move to the farthest corner you can. Eventually you are unable to escape the smoke! An example of diffusion in action. Nearer the source the concentration of a given substance increases. You probably experience this in class when someone arrives freshly doused in perfume or cologne, especially the cheap stuff. 
Since the molecules of any substance (solid, liquid, or gas) are in motion when that substance is above absolute zero (0 degrees Kelvin or -273 degrees C), energy is available for movement of the molecules from a higher potential state to a lower potential state, just as in the case of the water discussed above. The majority of the molecules move from higher to lower concentration, although there will be some that move from low to high. The overall (or net) movement is thus from high to low concentration. Eventually, if no energy is input into the system the molecules will reach a state of equilibrium where they will be distributed equally throughout the system.
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Diffusion of a dye in a beaker of water. The above image is from http://www.biosci.uga.edu/almanac/bio_103/notes/may_13.html.

Cells and Diffusion
Water, carbon dioxide, and oxygen are among the few simple molecules that can cross the cell membrane by diffusion (or a type of diffusion known as osmosis ). Diffusion is one principle method of movement of substances within cells, as well as the method for essential small molecules to cross the cell membrane. Gas exchange in gills and lungs operates by this process. Carbon dioxide is produced by all cells as a result of cellular metabolic processes. Since the source is inside the cell, the concentration gradient is constantly being replenished/re-elevated, thus the net flow of CO2 is out of the cell. Metabolic processes in animals and plants usually require oxygen, which is in greater concentration inside the cell, thus the net flow of oxygen is into the cell.
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Movement of selected molecules across the cell membrane. The above image is from http://www.biosci.uga.edu/almanac/bio_103/notes/may_13.html.

Osmosis is the diffusion of water across a semi-permeable (or differentially permeable or selectively permeable) membrane. The cell membrane, along with such things as dialysis tubing and cellulose acetate sausage casing, is such a membrane. The presence of a solute decreases the water potential of a substance. Thus there is more water per unit of volume in a glass of fresh-water than there is in an equivalent volume of sea-water. In a cell, which has so many organelles and other large molecules, the water flow is generally into the cell.
Animated image/movie illustrating osmosis (water is the red dots) and the selective permeability of a membrane (blue dashed line). Image from the Internet. Click on image to view movie.

Hypertonic solutions are those in which more solute (and hence lower water potential) is present. Hypotonic solutions are those with less solute (again read as higher water potential). Isotonic solutions have equal (iso-) concentrations of substances. Water potentials are thus equal, although there will still be equal amounts of water movement in and out of the cell, the net flow is zero.
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Water relations and cell shape in blood cells. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Water relations in a plant cell. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

One of the major functions of blood in animals is the maintain an isotonic internal environment. This eliminates the problems associated with water loss or excess water gain in or out of cells. Again we return to homeostasis. Paramecium and other single-celled freshwater organisms have difficulty since they are usually hypertonic relative to their outside environment. Thus water will tend to flow across the cell membrane, swelling the cell and eventually bursting it. Not good for any cell! The contractile vacuole is the Paramecium's response to this problem. The pumping of water out of the cell by this method requires energy since the water is moving against the concentration gradient. Since ciliates (and many freshwater protozoans) are hypotonic, removal of water crossing the cell membrane by osmosis is a significant problem. One commonly employed mechanism is a contractile vacuole. Water is collected into the central ring of the vacuole and actively transported from the cell. 
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The functioning of a contractile vacuole in Paramecium. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Active and Passive Transport

Passive transport requires no energy from the cell. Examples include the diffusion of oxygen and carbon dioxide, osmosis of water, and facilitated diffusion.
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Types of passive transport. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Active transport requires the cell to spend energy, usually in the form of ATP. Examples include transport of large molecules (non-lipid soluble) and the sodium-potassium pump.
[image: image123.png]Trans- Symport Antiport
ported\.

Carrier @
molecule lon A :
: ; ; e

Energy Coupled transport

Active transport




Types of active transport. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Carrier-assisted Transport

The transport proteins integrated into the cell membrane are often highly selective about the chemicals they allow to cross. Some of these proteins can move materials across the membrane only when assisted by the concentration gradient, a type of carrier-assisted transport known as facilitated diffusion. Both diffusion and facilitated diffusion are driven by the potential energy differences of a concentration gradient. Glucose enters most cells by facilitated diffusion. There seem to be a limiting number of glucose-transporting proteins. The rapid breakdown of glucose in the cell (a process known as glycolysis) maintains the concentration gradient. When the external concentration of glucose increases, however, the glucose transport does not exceed a certain rate, suggesting the limitation on transport.
In the case of active transport, the proteins are having to move against the concentration gradient. For example the sodium-potassium pump in nerve cells. Na+ is maintained at low concentrations inside the cell and K+ is at higher concentrations. The reverse is the case on the outside of the cell. When a nerve message is propagated, the ions pass across the membrane, thus sending the message. After the message has passed, the ions must be actively transported back to their "starting positions" across the membrane. This is analogous to setting up 100 dominoes and then tipping over the first one. To reset them you must pick each one up, again at an energy cost. Up to one-third of the ATP used by a resting animal is used to reset the Na-K pump.
Types of transport molecules

Uniport transports one solute at a time. Symport transports the solute and a cotransported solute at the same time in the same direction. Antiport transports the solute in (or out) and the co-transported solute the opposite direction. One goes in the other goes out or vice-versa.
Vesicle-mediated transport

Vesicles and vacuoles that fuse with the cell membrane may be utilized to release or transport chemicals out of the cell or to allow them to enter a cell. Exocytosis is the term applied when transport is out of the cell.
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This GIF animation is from http://www.stanford.edu/group/Urchin/GIFS/exocyt.gif. Note the vesicle on the left, and how it fuses with the cell membrane on the right, expelling the vesicle's contents to the outside of the cell.

Endocytosis is the case when a molecule causes the cell membrane to bulge inward, forming a vesicle. Phagocytosis is the type of endocytosis where an entire cell is engulfed. Pinocytosis is when the external fluid is engulfed. Receptor-mediated endocytosis occurs when the material to be transported binds to certain specific molecules in the membrane. Examples include the transport of insulin and cholesterol into animal cells.
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Endocytosis and exocytosis. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.



	MC.2.B.8

Describe the main events in the cell cycle, including the differences in plant and animal cell division:

· interphase

· mitosis

· cytokinesis

The Cell Cycle
Despite differences between prokaryotes and eukaryotes, there are several common features in their cell division processes. Replication of the DNA must occur. Segregation of the "original" and its "replica" follow. Cytokinesis ends the cell division process. Whether the cell was eukaryotic or prokaryotic, these basic events must occur.
Cytokinesis is the process where one cell splits off from its sister cell. It usually occurs after cell division. The Cell Cycle is the sequence of growth, DNA replication, growth and cell division that all cells go through. Beginning after cytokinesis, the daughter cells are quite small and low on ATP. They acquire ATP and increase in size during the G1 phase of Interphase. Most cells are observed in Interphase, the longest part of the cell cycle. After acquiring sufficient size and ATP, the cells then undergo DNA Synthesis (replication of the original DNA molecules, making identical copies, one "new molecule" eventually destined for each new cell) which occurs during the S phase. Since the formation of new DNA is an energy draining process, the cell undergoes a second growth and energy acquisition stage, the G2 phase. The energy acquired during G2 is used in cell division (in this case mitosis).
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The cell cycle. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Regulation of the cell cycle is accomplished in several ways. Some cells divide rapidly (beans, for example take 19 hours for the complete cycle; red blood cells must divide at a rate of 2.5 million per second). Others, such as nerve cells, lose their capability to divide once they reach maturity. Some cells, such as liver cells, retain but do not normally utilize their capacity for division. Liver cells will divide if part of the liver is removed. The division continues until the liver reaches its former size.
Cancer cells are those which undergo a series of rapid divisions such that the daughter cells divide before they have reached "functional maturity". Environmental factors such as changes in temperature and pH, and declining nutrient levels lead to declining cell division rates. When cells stop dividing, they stop usually at a point late in the G1 phase, the R point (for restriction).
Animal and plant cells are structured differently. For example animal cells have centrioles and plant cells do not. Plant cells have a cell wall (which allows them to grow very tall and stay sturdy) and animal cells don't. This means that mitotic division has to be a little different for plants, but that doesn't mean that it is very different. The spindle fibers are formed inside the plant cell's cytoskeleton. The major difference between plant and animal cell mitosis is that during the final phase in the plant cell, a cell plate forms across the middle of the cell, and this plate divides the cell in two.
KNOW THE DIFFERENCE BETWEEN PLANT AND ANIMAL MITOSIS.
     Animal cells produce astral rays during mitosis spindle formation.
     Animal cells have a cleavage furrow during cytokinesis.
     Plant cells have a cleavage plate during cytokinesis.


	MC.2.B.9

List in order and describe the stages of mitosis:

· prophase

· metaphase

· anaphase

· telophase.

Mitosis
Mitosis is the process of forming (generally) identical daughter cells by replicating and dividing the original chromosomes, in effect making a cellular xerox. Commonly the two processes of cell division are confused. Mitosis deals only with the segregation of the chromosomes and organelles into daughter cells.
Click here to view an animated GIF of mitosis from http://www.biology.uc.edu/vgenetic/mitosis/mitosis.htm.
Eukaryotic chromosomes occur in the cell in greater numbers than prokaryotic chromosomes. The condensed replicated chromosomes have several points of interest. The kinetochore is the point where microtubules of the spindle apparatus attach. Replicated chromosomes consist of two molecules of DNA (along with their associated histone proteins) known as chromatids. The area where both chromatids are in contact with each other is known as the centromere the kinetochores are on the outer sides of the centromere. Remember that chromosomes are condensed chromatin (DNA plus histone proteins).
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Structure of a eukaryotic chromosome. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

During mitosis replicated chromosomes are positioned near the middle of the cytoplasm and then segregated so that each daughter cell receives a copy of the original DNA (if you start with 46 in the parent cell, you should end up with 46 chromosomes in each daughter cell). To do this cells utilize microtubules (referred to as the spindle apparatus) to "pull" chromosomes into each "cell". The microtubules have the 9+2 arrangement discussed earlier. Animal cells (except for a group of worms known as nematodes) have a centriole. Plants and most other eukaryotic organisms lack centrioles. Prokaryotes, of course, lack spindles and centrioles; the cell membrane assumes this function when it pulls the by-then replicated chromosomes apart during binary fission. Cells that contain centrioles also have a series of smaller microtubules, the aster, that extend from the centrioles to the cell membrane. The aster is thought to serve as a brace for the functioning of the spindle fibers.
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Structure and main features of a spindle apparatus. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The phases of mitosis are sometimes difficult to separate. Remember that the process is a dynamic one, not the static process displayed of necessity in a textbook.
Prophase

Prophase is the first stage of mitosis proper. Chromatin condenses (remember that chromatin/DNA replicate during Interphase), the nuclear envelope dissolves, centrioles (if present) divide and migrate, kinetochores and kinetochore fibers form, and the spindle forms.
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Pea Plant Nuclear DNA, from Vicea faba (TEM x105,000). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.
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The events of Prophase. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Metaphase

Metaphase follows Prophase. The chromosomes (which at this point consist of chromatids held together by a centromere) migrate to the equator of the spindle, where the spindles attach to the kinetochore fibers.
Anaphase

Anaphase begins with the separation of the centromeres, and the pulling of chromosomes (we call them chromosomes after the centromeres are separated) to opposite poles of the spindle.
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The events of Metaphase and Anaphase. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Telophase

Telophase is when the chromosomes reach the poles of their respective spindles, the nuclear envelope reforms, chromosomes uncoil into chromatin form, and the nucleolus (which had disappeared during Prophase) reform. Where there was one cell there are now two smaller cells each with exactly the same genetic information. These cells may then develop into different adult forms via the processes of development.
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The events of Telophase. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Cytokinesis

Cytokinesis is the process of splitting the daughter cells apart. Whereas mitosis is the division of the nucleus, cytokinesis is the splitting of the cytoplasm and allocation of the golgi, plastids and cytoplasm into each new cell.


	MC.2.B.10

Analyze the meiotic maintenance of a constant chromosome number from one generation to the next 

Meiosis
Sexual reproduction occurs only in eukaryotes. During the formation of gametes, the number of chromosomes is reduced by half, and returned to the full amount when the two gametes fuse during fertilization.
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Overview of the major events in meiosis. The above image is from http://www.biosci.uga.edu/almanac/bio_103/notes/apr_3.html.

Ploidy
Haploid and diploid are terms referring to the number of sets of chromosomes in a cell. Gregor Mendel determined his peas had two sets of alleles, one from each parent. Diploid organisms are those with two (di) sets. Human beings (except for their gametes), most animals and many plants are diploid. We abbreviate diploid as 2n. Ploidy is a term referring to the number of sets of chromosomes. Haploid organisms/cells have only one set of chromosomes, abbreviated as n. Organisms with more than two sets of chromosomes are termed polyploid. Chromosomes that carry the same genes are termed homologous chromosomes. The alleles on homologous chromosomes may differ, as in the case of heterozygous individuals. Organisms (normally) receive one set of homologous chromosomes from each parent.
Meiosis is a special type of nuclear division which segregates one copy of each homologous chromosome into each new "gamete". Mitosis maintains the cell's original ploidy level (for example, one diploid 2n cell producing two diploid 2n cells; one haploid n cell producing two haploid n cells; etc.). Meiosis, on the other hand, reduces the number of sets of chromosomes by half, so that when gametic recombination (fertilization) occurs the ploidy of the parents will be reestablished.
Most cells in the human body are produced by mitosis. These are the somatic (or vegetative) line cells. Cells that become gametes are referred to as germ line cells. The vast majority of cell divisions in the human body are mitotic, with meiosis being restricted to the gonads.
Gametogenesis
Gametogenesis is the process of forming gametes (by definition haploid, n) from diploid cells of the germ line. Spermatogenesis is the process of forming sperm cells by meiosis (in animals, by mitosis in plants) in specialized organs known as gonads (in males these are termed testes). After division the cells undergo differentiation to become sperm cells. Oogenesis is the process of forming an ovum (egg) by meiosis (in animals, by mitosis in the gametophyte in plants) in specialized gonads known as ovaries. Whereas in spermatogenesis all 4 meiotic products develop into gametes, oogenesis places most of the cytoplasm into the large egg. The other cells, the polar bodies, do not develop. This all the cytoplasm and organelles go into the egg. Human males produce 200,000,000 sperm per day, while the female produces one egg (usually) each menstrual cycle.
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Gametogenesis. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Spermatogenesis
Sperm production begins at puberty at continues throughout life, with several hundred million sperm being produced each day. Once sperm form they move into the epididymis, where they mature and are stored. 
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Human Sperm (SEM x5,785). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

Oogenesis
The ovary contains many follicles composed of a developing egg surrounded by an outer layer of follicle cells. Each egg begins oogenesis as a primary oocyte. At birth each female carries a lifetime supply of developing oocytes, each of which is in Prophase I. A developing egg (secondary oocyte) is released each month from puberty until menopause, a total of 400-500 eggs. 
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Oogenesis. The above image is from http://www.grad.ttuhsc.edu/courses/histo/notes/female.html.
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The above diagram of oogenesis is from http://www.biosci.uga.edu/almanac/bio_103/notes/apr_8.html.




So in a system controlled by negative feedback the level is never maintained perfectly, but constantly oscillates about the set point. An efficient homeostatic system minimizes the size of the oscillations. 

	Temperature Homeostasis (thermoregulation)  [back to top] 
One of the most important examples of homeostasis is the regulation of body temperature. Not all animals can do this. Animals that maintain a fairly constant body temperature (birds and mammals) are called homeotherms (also spelt homoiotherms), while those that have a variable body temperature (all others) are called poikilotherms. The homeotherms maintain their body temperatures at around 37°C, so are sometimes called warm-blooded animals, but in fact piokilothermic animals can also have very warm blood during the day by basking in the sun. 
In humans temperature homeostasis is controlled by the thermoregulatory centre in the hypothalamus. It receives input from two sets of thermoreceptors: receptors in the hypothalamus itself monitor the temperature of the blood as it passes through the brain (the core temperature), and receptors in the skin monitor the external temperature. Both pieces of information are needed so that the body can make appropriate adjustments. The thermoregulatory centre sends impulses to several different effectors to adjust body temperature: 
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 The thermoregulatory centre is part of the autonomic nervous system, so the various responses are all involuntary. The exact responses to high and low temperatures are described in the table below. Note that some of the responses to low temperature actually generate heat (thermogenesis), while others just conserve heat. Similarly some of the responses to cold actively cool the body down, while others just reduce heat production or transfer heat to the surface. The body thus has a range of responses available, depending on the internal and external temperatures. 
Effector 
Response to low temperature 
Response to high temperature 
Smooth muscles in peripheral arterioles in the skin. 
Muscles contract causing vasoconstriction. Less heat is carried from the core to the surface of the body, maintaining core temperature. Extremities can turn blue and feel cold and can even be damaged (frostbite). 
  
Muscles relax causing vasodilatation. More heat is carried from the core to the surface, where it is lost by convection and radiation. Skin turns red. 
Sweat glands 
No sweat produced. 
Glands secrete sweat onto surface of skin, where it evaporates. This is an endothermic process and water has a high latent heat of evaporation, so it takes heat from the body. 
  
Erector pili muscles in skin 
(attached to skin hairs) 
Muscles contract, raising skin hairs and trapping an insulating layer of still, warm air next to the skin. Not very effective in humans, just causing “goosebumps”. 
  
Muscles relax, lowering the skin hairs and allowing air to circulate over the skin, encouraging convection and evaporation. 
  
Skeletal muscles 
Muscles contract and relax repeatedly, generating heat by friction and from metabolic reactions. 
  
No shivering. 
Adrenal and thyroid glands 
Glands secrete adrenaline and thyroxine respectively, which increase the metabolic rate in different tissues, especially the liver, so generating heat. 
  
Glands stop releasing adrenaline and thyroxine. 
Behaviour 
Curling up, huddling, finding shelter, putting on more clothes. 
  
Stretching out, finding shade, swimming, removing clothes. 
 The thermoregulatory centre normally maintains a set point of 37.5 ± 0.5 °C in most mammals. However the set point can be altered is special circumstances: 
· Fever. Chemicals called pyrogens released by white blood cells raise the set point of the thermoregulatory centre causing the whole body temperature to increase by 2-3 °C. This helps to kill bacteria and explains why you shiver even though you are hot. 
· Hibernation. Some mammals release hormones that reduce their set point to around 5°C while they hibernate. This drastically reduces their metabolic rate and so conserves their food reserves. 
· Torpor. Bats and hummingbirds reduce their set point every day while they are inactive. They have a high surface area:volume ratio, so this reduces heat loss. 



Strand: Molecules and Cells

                      Standard 3: Students shall demonstrate an understanding of how cells obtain and use energy (energetics).

	MC.3.B.1

Compare and contrast the structure and function of mitochondria and chloroplasts


 


 

Organelles involved in energy transformations are separate from the endomembrane system
· "Energy organelles" have unique properties: 

1. are enclosed by double membrane system

2. contain DNA and ribosomes (70S, not 80S like cytoplasmic ribosomes)

3. make some of their own proteins 

4. from their own genes

5. divide by binary fission (but not autonomous, cannot 

6. grow or sustain life outside of cell)

· Mitochondria = centers for respiratory catabolism. Oxygen combined with chemicals to break down foods, generate cell energy. Contain outer and inner compartments, with many membranous cristae that "criss-cross" the internal space. Found in virtually every eukaryotic cell. Small structures similar to bacteria in some size. 
View mitochondria    (protected) 

· Chloroplasts = centers for photosynthetic anabolism. Belong to group of plant organelles called plastids. Include chloroplasts (photosynthesis), amyloplasts (store starch), chromoplasts (store pigments). Trap light, convert energy to sugars (+ CO2, water). Contain stacks of thylakoids, where green pigmented chlorophyll is embedded in membrane to trap light.



	MC.3.B.2

Describe and model the conversion of stored energy in organic molecules into usable cellular energy (ATP): 

· glycolysis 

· citric acid cycle 

· electron transport chain

Aerobic Respiration
When oxygen is present (aerobic conditions), most organisms will undergo two more steps, Kreb's Cycle, and Electron Transport, to produce their ATP. In eukaryotes, these processes occur in the mitochondria, while in prokaryotes they occur in the cytoplasm.
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Overview of the cellular respiration processes. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Acetyl Co-A: The Transition Reaction

Pyruvic acid is first altered in the transition reaction by removal of a carbon and two oxygens (which form carbon dioxide). When the carbon dioxide is removed, energy is given off, and NAD+ is converted into the higher energy form NADH. Coenzyme A attaches to the remaining 2-C (acetyl) unit, forming acetyl Co-A. This process is a prelude to the Kreb's Cycle.
Kreb's Cycle (aka Citric Acid Cycle)

The Acetyl Co-A (2-C) is attached to a 4-C chemical (oxaloacetic acid). The Co-A is released and returns to await another pyruvic acid. The 2-C and 4-C make another chemical known as Citric acid, a 6-C. Kreb's Cycle is also known as the Citric Acid Cycle. The process after Citric Acid is essentially removing carbon dioxide, getting out energy in the form of ATP, GTP, NADH and FADH2, and lastly regenerating the cycle. Between Isocitric Acid and -Ketoglutaric Acid, carbon dioxide is given off and NAD+ is converted into NADH. Between -Ketoglutaric Acid and Succinic Acid the release of carbon dioxide and reduction of NAD+ into NADH happens again, resulting in a 4-C chemical, succinic acid. GTP (Guanine Triphosphate, which transfers its energy to ATP) is also formed here (GTP is formed by attaching a phosphate to GDP).
The remaining energy carrier-generating steps involve the shifting of atomic arrangements within the 4-C molecules. Between Succinic Acid and Fumaric Acid, the molecular shifting releases not enough energy to make ATP or NADH outright, but instead this energy is captured by a new energy carrier, Flavin adenine dinucleotide (FAD). FAD is reduced by the addition of two H's to become FADH2. FADH2 is not as rich an energy carrier as NADH, yielding less ATP than the latter.
The last step, between Malic Acid and Oxaloacetic Acid reforms OA to complete the cycle. Energy is given off and trapped by the reduction of NAD+ to NADH. The carbon dioxide released by cells is generated by the Kreb's Cycle, as are the energy carriers (NADH and FADH2) which play a role in the next step.
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Summary of the Krebs' (or citric acid) cycle. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Electron Transport Phosphorylation

Whereas Kreb's Cycle occurs in the matrix of the mitochondrion, the Electron Transport System (ETS) chemicals are embedded in the membranes known as the cristae. Kreb's cycle completely oxidized the carbons in the pyruvic acids, producing a small amount of ATP, and reducing NAD and FAD into higher energy forms. In the ETS those higher energy forms are cashed in, producing ATP. Cytochromes are molecules that pass the "hot potatoes" (electrons) along the ETS chain. Energy released by the "downhill" passage of electrons is captured as ATP by ADP molecules. The ADP is reduced by the gain of electrons. ATP formed in this way is made by the process of oxidative phosphorylation. The mechanism for the oxidative phosphorylation process is the gradient of H+ ions discovered across the inner mitochondrial membrane. This mechanism is known as chemiosmotic coupling. This involves both chemical and transport processes. Drops in the potential energy of electrons moving down the ETS chain occur at three points. These points turn out to be where ADP + P are converted into ATP. Potential energy is captured by ADP and stored in the pyrophosphate bond. NADH enters the ETS chain at the beginning, yielding 3 ATP per NADH. FADH2 enters at Co-Q, producing only 2 ATP per FADH2.
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Electron transport system. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Catabolism and Anabolism
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 The above image is from http://www.biosci.uga.edu/almanac/bio_104/notes/jun_4.html.



	MC.3.B.3

Compare and contrast aerobic and anaerobic respiration:
· lactic acid fermentation 

· alcoholic fermentation

Aerobic respiration is the release of energy from glucose or another organic substrate in the presence of Oxygen. Strictly speaking aerobic means in air, but it is the Oxygen in the air which is necessary for aerobic respiration. Anaerobic respiration is in the absence of air.

Here is a molecular model of a glucose molecule. You do not need to memorise the diagram for you GCSE exam, but it should help you to understand that a molecule of glucose contains six atoms of Carbon (shown in blue), twelve atoms of Hydrogen (shown in green), and six atoms of Oxygen (shown in red).
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In our tissues glucose can be broken down to release energy. The energy is used to make a substance called Adenosine Tri-Phosphate or ATP as it is usually called. ATP can provide energy for other processes such as muscle contractions.

Here is a balanced chemical equation for the process of aerobic respiration. You only need to memorise this for the Higher Tier GCSE paper, however I am sure that you really want a grade "A" so why not memorise it.
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You should be able to see six carbon atoms on each side of the equation; One molecule of glucose contains six atoms of Carbon and six molecules of Carbon Dioxide each contain one atom of Carbon.

You should also be able to see that the Hydrogen is balanced. One molecule of Glucose contains twelve atoms of Hydrogen and six molecules of water each contain two atoms of Oxygen.

Now look at the Oxygen. To make six molecules of Carbon Dioxide we need twelve atoms of Oxygen and to make six molecules of water we need another six atoms of Oxygen. That makes a total of eighteen atoms of Oxygen. The glucose already contains six atoms of Oxygen so the cell will need a further six molecules of Oxygen from the air.

The basic minimum knowledge for GCSE biology is the word equation given below. Even if you don't understand it you can memorise it like a parrot.

Glucose + Oxygen = Carbon Dioxide + Water + Energy
Aerobic respiration takes place in almost all living things. It is easy to get rid of the Carbon Dioxide and excess water; this is excretion (the removal of the toxic waste products of metabolism), and maximum energy is released from the glucose.

Some organisms can respire in the absence of air: this is anaerobic respiration. This does not release so much energy and it produces much more toxic waste products. However, if Oxygen is not available, anaerobic respiration is better than nothing. When this happens in our muscles we produce lactic acid which gives you cramp. The bacteria in milk produce the same chemical when they turn it sour. "Lactic" means "of milk". So lactic acid is the acid in sour milk. Yeasts produce alcohol, which is also toxic. Eventually there will be so much alcohol that the yeast cannot survive.

 

Anaerobic Pathways
Under anaerobic conditions, the absence of oxygen, pyruvic acid can be routed by the organism into one of three pathways: lactic acid fermentation, alcohol fermentation, or cellular (anaerobic) respiration. Humans cannot ferment alcohol in their own bodies, we lack the genetic information to do so. These biochemical pathways, with their myriad reactions catalyzed by reaction-specific enzymes all under genetic control, are extremely complex. We will only skim the surface at this time and in this course.
Alcohol fermentation is the formation of alcohol from sugar. Yeast, when under anaerobic conditions, convert glucose to pyruvic acid via the glycolysis pathways, then go one step farther, converting pyruvic acid into ethanol, a C-2 compound. 
[image: image148.png].3
+onop t

Glucose
2 Pyruvate
NAD* owape L]
N+ meE o
+00

2 Acetaldehyde
2 Ethanol




Fermentation of ethanol. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Many organisms will also ferment pyruvic acid into, other chemicals, such as lactic acid. Humans ferment lactic acid in muscles where oxygen becomes depleted, resulting in localized anaerobic conditions. This lactic acid causes the muscle stiffness couch-potatoes feel after beginning exercise programs. The stiffness goes away after a few days since the cessation of strenuous activity allows aerobic conditions to return to the muscle, and the lactic acid can be converted into ATP via the normal aerobic respiration pathways.
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Fermentation of lactate (lactic acid). Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.



	MC.3.B.4

Describe and model the conversion of light energy to chemical energy by photosynthetic organisms:

· light dependent reactions

· light independent reactions

Stages of Photosynthesis
Photosynthesis is a two stage process. The first process is the Light Dependent Process (Light Reactions), requires the direct energy of light to make energy carrier molecules that are used in the second process. The Light Independent Process (or Dark Reactions) occurs when the products of the Light Reaction are used to form C-C covalent bonds of carbohydrates. The Dark Reactions can usually occur in the dark, if the energy carriers from the light process are present. Recent evidence suggests that a major enzyme of the Dark Reaction is indirectly stimulated by light, thus the term Dark Reaction is somewhat of a misnomer. The Light Reactions occur in the grana and the Dark Reactions take place in the stroma of the chloroplasts.
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Overview of the two steps in the photosynthesis process. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Light Dependent Reactions - Light Reactions

In the Light Dependent Processes (Light Reactions) light strikes chlorophyll a in such a way as to excite electrons to a higher energy state. In a series of reactions the energy is converted (along an electron transport process) into ATP and NADPH. Water is split in the process, releasing oxygen as a by-product of the reaction. The ATP and NADPH are used to make C-C bonds in the Light Independent Process (Dark Reactions).
In the Light Independent Process, carbon dioxide from the atmosphere (or water for aquatic/marine organisms) is captured and modified by the addition of Hydrogen to form carbohydrates (general formula of carbohydrates is [CH2O]n). The incorporation of carbon dioxide into organic compounds is known as carbon fixation. The energy for this comes from the first phase of the photosynthetic process. Living systems cannot directly utilize light energy, but can, through a complicated series of reactions, convert it into C-C bond energy that can be released by glycolysis and other metabolic processes.
Photosystems are arrangements of chlorophyll and other pigments packed into thylakoids. Many Prokaryotes have only one photosystem, Photosystem II (so numbered because, while it was most likely the first to evolve, it was the second one discovered). Eukaryotes have Photosystem II plus Photosystem I. Photosystem I uses chlorophyll a, in the form referred to as P700. Photosystem II uses a form of chlorophyll a known as P680. Both "active" forms of chlorophyll a function in photosynthesis due to their association with proteins in the thylakoid membrane.
[image: image151.png]Photon Reaction

center

Pigment

molecules




Action of a photosystem. This image is from the University of Minnesota page at http://genbiol.cbs.umn.edu/Multimedia/examples.html.

Photophosphorylation is the process of converting energy from a light-excited electron into the pyrophosphate bond of an ADP molecule. This occurs when the electrons from water are excited by the light in the presence of P680. The energy transfer is similar to the chemiosmotic electron transport occurring in the mitochondria. Light energy causes the removal of an electron from a molecule of P680 that is part of Photosystem II. The P680 requires an electron, which is taken from a water molecule, breaking the water into H+ ions and O-2 ions. These O-2 ions combine to form the diatomic O2 that is released. The electron is "boosted" to a higher energy state and attached to a primary electron acceptor, which begins a series of redox reactions, passing the electron through a series of electron carriers, eventually attaching it to a molecule in Photosystem I. Light acts on a molecule of P700 in Photosystem I, causing an electron to be "boosted" to a still higher potential. The electron is attached to a different primary electron acceptor (that is a different molecule from the one associated with Photosystem II). The electron is passed again through a series of redox reactions, eventually being attached to NADP+ and H+ to form NADPH, an energy carrier needed in the Light Independent Reaction. The electron from Photosystem II replaces the excited electron in the P700 molecule. There is thus a continuous flow of electrons from water to NADPH. This energy is used in Carbon Fixation. Cyclic Electron Flow occurs in some eukaryotes and primitive photosynthetic bacteria. No NADPH is produced, only ATP. This occurs when cells may require additional ATP, or when there is no NADP+ to reduce to NADPH. In Photosystem II, the pumping to H ions into the thylakoid and the conversion of ADP + P into ATP is driven by electron gradients established in the thylakoid membrane.
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Noncyclic photophosphorylation (top) and cyclic photophosphorylation (bottom). These processes are better known as the light reactions. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The above diagrams present the "old" view of photophosphorylation. We now know where the process occurs in the chloroplast, and can link that to chemiosmotic synthesis of ATP. 
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Chemiosmosis as it operates in photophosphorylation within a chloroplast. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Halobacteria, which grow in extremely salty water, are facultative aerobes, they can grow when oxygen is absent. Purple pigments, known as retinal (a pigment also found in the human eye) act similar to chlorophyll. The complex of retinal and membrane proteins is known as bacteriorhodopsin, which generates electrons which establish a proton gradient that powers an ADP-ATP pump, generating ATP from sunlight without chlorophyll. This supports the theory that chemiosmotic processes are universal in their ability to generate ATP.
Light-independent Reactions - Dark Reaction

Carbon-Fixing Reactions are also known as the Dark Reactions (or Light Independent Reactions). Carbon dioxide enters single-celled and aquatic autotrophs through no specialized structures, diffusing into the cells. Land plants must guard against drying out (desiccation) and so have evolved specialized structures known as stomata to allow gas to enter and leave the leaf. The Calvin Cycle occurs in the stroma of chloroplasts (where would it occur in a prokaryote?). Carbon dioxide is captured by the chemical ribulose biphosphate (RuBP). RuBP is a 5-C chemical. Six molecules of carbon dioxide enter the Calvin Cycle, eventually producing one molecule of glucose. The reactions in this process were worked out by Melvin Calvin (shown below).
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The above image is from http://www-itg.lbl.gov/ImgLib/COLLECTIONS/BERKELEY-LAB/PEOPLE/INDIVIDUALS/index/BIOCHEM_523.html, Ernest OrlandoLawrence Berkeley National Laboratory. " One of the new areas, cultivated both in Donner and the Old Radiation Laboratory, was the study of organic compounds labeled with carbon-14. Melvin Calvin took charge of this work at the end of the war in order to provide raw materials for John Lawrence's researches and for his own study of photosynthesis. Using carbon-14, available in plenty from Hanford reactors, and the new techniques of ion exchange, paper chromatography, and radioautography, Calvin and his many associates mapped the complete path of carbon in photosynthesis. The accomplishment brought him the Nobel prize in chemistry in 1961. (The preceding information was excerpted from the text of the Fall 1981 issue of LBL Newsmagazine.) Citation Caption: LBL News, Vol.6, No.3, Fall 1981 Melvin Calvin shown with some of the apparatus he used to study the role of carbon in photosynthesis."
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The first steps in the Calvin ccycle. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The first stable product of the Calvin Cycle is phosphoglycerate (PGA), a 3-C chemical. The energy from ATP and NADPH energy carriers generated by the photosystems is used to attach phosphates to (phosphorylate) the PGA. Eventually there are 12 molecules of glyceraldehyde phosphate (also known as phosphoglyceraldehyde or PGAL, a 3-C), two of which are removed from the cycle to make a glucose. The remaining PGAL molecules are converted by ATP energy to reform 6 RuBP molecules, and thus start the cycle again. Remember the complexity of life, each reaction in this process, as in Kreb's Cycle, is catalyzed by a different reaction-specific enzyme.
C-4 Pathway

Some plants have developed a preliminary step to the Calvin Cycle (which is also referred to as a C-3 pathway), this preamble step is known as C-4. While most C-fixation begins with RuBP, C-4 begins with a new molecule, phosphoenolpyruvate (PEP), a 3-C chemical that is converted into oxaloacetic acid (OAA, a 4-C chemical) when carbon dioxide is combined with PEP. The OAA is converted to Malic Acid and then transported from the mesophyll cell into the bundle-sheath cell, where OAA is broken down into PEP plus carbon dioxide. The carbon dioxide then enters the Calvin Cycle, with PEP returning to the mesophyll cell. The resulting sugars are now adjacent to the leaf veins and can readily be transported throughout the plant. 
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C-4 photosynthsis involves the separation of carbon fixation and carbohydrate systhesis in space and time. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

The capture of carbon dioxide by PEP is mediated by the enzyme PEP carboxylase, which has a stronger affinity for carbon dioxide than does RuBP carboxylase When carbon dioxide levels decline below the threshold for RuBP carboxylase, RuBP is catalyzed with oxygen instead of carbon dioxide. The product of that reaction forms glycolic acid, a chemical that can be broken down by photorespiration, producing neither NADH nor ATP, in effect dismantling the Calvin Cycle. C-4 plants, which often grow close together, have had to adjust to decreased levels of carbon dioxide by artificially raising the carbon dioxide concentration in certain cells to prevent photorespiration. C-4 plants evolved in the tropics and are adapted to higher temperatures than are the C-3 plants found at higher latitudes. Common C-4 plants include crabgrass, corn, and sugar cane. Note that OAA and Malic Acid also have functions in other processes, thus the chemicals would have been present in all plants, leading scientists to hypothesize that C-4 mechanisms evolved several times independently in response to a similar environmental condition, a type of evolution known as convergent evolution.
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Photorespiration. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

We can see anatomical differences between C3 and C4 leaves. 
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Leaf anatomy of a C3 (top) and C4 (bottom) plant. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.



	MC.3.B.5

Compare and contrast cellular respiration and photosynthesis as energy conversion pathways 

ENERGY FOR LIFE PROCESSES 
1. ENERGY is the ability to do WORK or cause change. 

2. Work is the ability to CHANGE or MOVE Matter against other Forces.   w = F X d 

3. Work for a Cell includes Growth and Repair, Active Transport, and Reproduction.  All which require ENERGY. 

4. The source of Energy for ALL Organisms is FOOD, But, different kinds of Organisms get their food in different ways. 

5. Most AUTOTROPHS or PRODUCERS use PHOTOSYNTHESIS, to Convert the Energy in SUNLIGHT, CARBON DIOXIDE, AND WATER  into Chemical Energy OR FOOD.  (GLUCOSE) 

6. THE FOODS MADE BY AUTOTROPHS ARE stored in various Organic Compounds, primarily CARBOHYDRATES, including a SIX-CARBON SUGAR called GLUCOSE. 

7.  Plants, algae, and some prokaryotes (Bacteria) are all types of Autotrophs. 

8. Only 10 percent of the Earth's 40 million species are Autotrophs. 

9. Without Autotrophs, all other living things would DIE.  Without PRODUCERS you cannot have CONSUMERS. 

10. Autotrophs not only make Food for their own use, but STORE a great deal of Food for use by other organisms (CONSUMERS). 

11. Most Autotrophs use ENERGY from the SUN to make their food, but there are other organisms deep in the ocean that obtain Energy from INORGANIC COMPOUNDS. (CHEMOSYNTHESIS) 

12. Organisms that CANNOT Make their own food are called HETEROTROPHS OR CONSUMERS. 

13. Heterotrophs include animals, fungi, and many unicellular organisms, they stay alive by EATING AUTOTROPHS or other HETEROTROPHS. 

14. Because Heterotrophs must consume other organisms to get Energy, they are called CONSUMERS. 

15. Only part of the energy from the Sun is Used by Autotrophs to make Food, and only part of that Energy can be passed on to other Consumers. A Great Deal of the Energy is LOST as HEAT. 

16. Enough Energy is passed from Autotroph to Heterotroph to give the Heterotroph the Energy it needs. 

17. Photosynthesis involves a COMPLEX SERIES of Chemical Reactions, in which the PRODUCT of One Reaction is Consumed in the Next Reaction. 

18. A Series of Reactions linked in this way is referred to as a BIOCHEMICAL PATHWAY. (Figure 6-1) 

19. Autotrophs use biochemical pathways of photosynthesis to manufacture organic compounds from Carbon Dioxide, CO2, and Water.  During this conversion, molecular OXYGEN, O2, is Released. 

20. Some of the energy stored in organic Compounds is Released by Cells in another set of Biochemical Pathways, Known as CELLULAR RESPIRATION.  (Chapter 7) 

21. Both Autotrophs and Heterotrophs Perform Cellular Respiration. 

22. During Cellular Respiration in Most Organisms, Organic Compounds are Combined with O2 to Produce ADENOSINE TRIPHOSPHATE or ATP, Yielding CO2 and Water as Waste Products. 

23. The PRODUCTS of Photosynthesis, ORGANIC COMPOUNDS and O2, are the REACTANTS used in CELLULAR RESPIRATION. 

24. The WASTE PRODUCTS of CELLULAR RESPIRATION, CO2 and WATER, are the REACTANTS used in PHOTOSYNTHESIS. 

Photosynthesis is the process by which plants, some bacteria, and some protistans use the energy from sunlight to produce sugar, which cellular respiration converts into ATP, the "fuel" used by all living things. The conversion of unusable sunlight energy into usable chemical energy, is associated with the actions of the green pigment chlorophyll. Most of the time, the photosynthetic process uses water and releases the oxygen that we absolutely must have to stay alive. Oh yes, we need the food as well!




Strand: Heredity and Evolution
                      Standard 4: Students shall demonstrate an understanding of heredity. 

	HE.4.B.1

Summarize the outcomes of Gregor Mendel’s experimental procedures 

Gregor Mendel
An Austrian monk, Gregor Mendel, developed the fundamental principles that would become the modern science of genetics. Mendel demonstrated that heritable properties are parceled out in discrete units, independently inherited. These eventually were termed genes. 
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Gregor Mendel, the Austrian monk who figured out the rules of heredity. The above photo is from http://www.open.cz/project/tourist/person/photo.htm. 
Mendel reasoned an organism for genetic experiments should have:
1. a number of different traits that can be studied 

2. plant should be self-fertilizing and have a flower structure that limits accidental contact 

3. offspring of self-fertilized plants should be fully fertile. 

Mendel's experimental organism was a common garden pea (Pisum sativum), which has a flower that lends itself to self-pollination. The male parts of the flower are termed the anthers. They produce pollen, which contains the male gametes (sperm). The female parts of the flower are the stigma, style, and ovary. The egg (female gamete) is produced in the ovary. The process of pollination (the transfer of pollen from anther to stigma) occurs prior to the opening of the pea flower. The pollen grain grows a pollen tube which allows the sperm to travel through the stigma and style, eventually reaching the ovary. The ripened ovary wall becomes the fruit (in this case the pea pod). Most flowers allow cross-pollination, which can be difficult to deal with in genetic studies if the male parent plant is not known. Since pea plants are self-pollinators, the genetics of the parent can be more easily understood. Peas are also self-compatible, allowing self-fertilized embryos to develop as readily as out-fertilized embryos. Mendel tested all 34 varieties of peas available to him through seed dealers. The garden peas were planted and studied for eight years. Each character studied had two distinct forms, such as tall or short plant height, or smooth or wrinkled seeds. Mendel's experiments used some 28,000 pea plants.
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Some of Mendel's traits as expressed in garden peas. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Mendel's contribution was unique because of his methodical approach to a definite problem, use of clear-cut variables and application of mathematics (statistics) to the problem. Gregor Using pea plants and statistical methods, Mendel was able to demonstrate that traits were passed from each parent to their offspring through the inheritance of genes. 
Mendel's work showed:
1. Each parent contributes one factor of each trait shown in offspring. 

2. The two members of each pair of factors segregate from each other during gamete formation. 

3. The blending theory of inheritance was discounted. 

4. Males and females contribute equally to the traits in their offspring. 
5. Acquired traits are not inherited. 



	HE.4.B.2

Differentiate among the laws and principles of inheritance: 
· dominance

· segregation 

· independent assortment
Principle of Segregation
Mendel studied the inheritance of seed shape first. A cross involving only one trait is referred to as a monohybrid cross. Mendel crossed pure-breeding (also referred to as true-breeding) smooth-seeded plants with a variety that had always produced wrinkled seeds (60 fertilizations on 15 plants). All resulting seeds were smooth. The following year, Mendel planted these seeds and allowed them to self-fertilize. He recovered 7324 seeds: 5474 smooth and 1850 wrinkled. To help with record keeping, generations were labeled and numbered. The parental generation is denoted as the P1 generation. The offspring of the P1 generation are the F1 generation (first filial). The self-fertilizing F1 generation produced the F2 generation (second filial).
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Inheritance of two alleles, S and s, in peas. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Punnett square explaining the behavior of the S and s alleles. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

P1: smooth X wrinkled
F1 : all smooth
F2 : 5474 smooth and 1850 wrinkled
Meiosis, a process unknown in Mendel's day, explains how the traits are inherited.
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The inheritance of the S and s alleles explained in light of meiosis. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Mendel studied seven traits which appeared in two discrete forms, rather than continuous characters which are often difficult to distinguish. When "true-breeding" tall plants were crossed with "true-breeding" short plants, all of the offspring were tall plants. The parents in the cross were the P1 generation, and the offspring represented the F1 generation. The trait referred to as tall was considered dominant, while short was recessive. Dominant traits were defined by Mendel as those which appeared in the F1 generation in crosses between true-breeding strains. Recessives were those which "skipped" a generation, being expressed only when the dominant trait is absent. Mendel's plants exhibited complete dominance, in which the phenotypic expression of alleles was either dominant or recessive, not "in between". 
When members of the F1 generation were crossed, Mendel recovered mostly tall offspring, with some short ones also occurring. Upon statistically analyzing the F2 generation, Mendel determined the ratio of tall to short plants was approximately 3:1. Short plants have skipped the F1 generation, and show up in the F2 and succeeding generations. Mendel concluded that the traits under study were governed by discrete (separable) factors. The factors were inherited in pairs, with each generation having a pair of trait factors. We now refer to these trait factors as alleles. Having traits inherited in pairs allows for the observed phenomena of traits "skipping" generations. 
Summary of Mendel's Results:
1. The F1 offspring showed only one of the two parental traits, and always the same trait. 

2. Results were always the same regardless of which parent donated the pollen (was male). 

3. The trait not shown in the F1 reappeared in the F2 in about 25% of the offspring. 

4. Traits remained unchanged when passed to offspring: they did not blend in any offspring but behaved as separate units. 

5. Reciprocal crosses showed each parent made an equal contribution to the offspring. 

Mendel's Conclusions:
1. Evidence indicated factors could be hidden or unexpressed, these are the recessive traits. 

2. The term phenotype refers to the outward appearance of a trait, while the term genotype is used for the genetic makeup of an organism. 
3. Male and female contributed equally to the offsprings' genetic makeup: therefore the number of traits was probably two (the simplest solution). 

4. Upper case letters are traditionally used to denote dominant traits, lower case letters for recessives. 
Mendel reasoned that factors must segregate from each other during gamete formation (remember, meiosis was not yet known!) to retain the number of traits at 2. The Principle of Segregation proposes the separation of paired factors during gamete formation, with each gamete receiving one or the other factor, usually not both. Organisms carry two alleles for every trait. These traits separate during the formation of gametes. 
A hypertext version (in German or English, annotated also available) of Mendel's 1865 paper is available by clicking here.
Dihybrid Crosses
When Mendel considered two traits per cross (dihybrid, as opposed to single-trait-crosses, monohybrid), The resulting (F2) generation did not have 3:1 dominant:recessive phenotype ratios. The two traits, if considered to inherit independently, fit into the principle of segregation. Instead of 4 possible genotypes from a monohybrid cross, dihybrid crosses have as many as 16 possible genotypes.
Mendel realized the need to conduct his experiments on more complex situations. He performed experiments tracking two seed traits: shape and color. A cross concerning two traits is known as a dihybrid cross. 
Crosses With Two Traits
Smooth seeds (S) are dominant over wrinkled (s) seeds.
Yellow seed color (Y) is dominant over green (g).
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Inheritance of two traits simultaneously, a dihybrid cross. The above graphic is from the Genetics pages at McGill University (http://www.mcgill.ca/nrs/dihyb2.gif).

Again, meiosis helps us understand the behavior of alleles. 
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The inheritance of two traits on different chromosomes can be explained by meiosis. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Methods, Results, and Conclusions
Mendel started with true-breeding plants that had smooth, yellow seeds and crossed them with true-breeding plants having green, wrinkled seeds. All seeds in the F1 had smooth yellow seeds. The F2 plants self-fertilized, and produced four phenotypes:
315 smooth yellow
108 smooth green
101 wrinkled yellow
32 wrinkled green
Mendel analyzed each trait for separate inheritance as if the other trait were not present.The 3:1 ratio was seen separately and was in accordance with the Principle of Segregation. The segregation of S and s alleles must have happened independently of the segregation of Y and y alleles. The chance of any gamete having a Y is 1/2; the chance of any one gamete having a S is 1/2.The chance of a gamete having both Y and S is the product of their individual chances (or 1/2 X 1/2 = 1/4). The chance of two gametes forming any given genotype is 1/4 X 1/4 (remember, the product of their individual chances). Thus, the Punnett Square has 16 boxes. Since there are more possible combinations to produce a smooth yellow phenotype (SSYY, SsYy, SsYY, and SSYy), that phenotype is more common in the F2. 
From the results of the second experiment, Mendel formulated the Principle of Independent Assortment -- that when gametes are formed, alleles assort independently. If traits assort independent of each other during gamete formation, the results of the dihybrid cross can make sense. Since Mendel's time, scientists have discovered chromosomes and DNA. We now interpret the Principle of Independent Assortment as alleles of genes on different chromosomes are inherited independently during the formation of gametes. This was not known to Mendel.
Punnett squares deal only with probability of a genotype showing up in the next generation. Usually if enough offspring are produced, Mendelian ratios will also be produced.
Step 1 - definition of alleles and determination of dominance.
Step 2 - determination of alleles present in all different types of gametes.
Step 3 - construction of the square.
Step 4 - recombination of alleles into each small square.
Step 5 - Determination of Genotype and Phenotype ratios in the next generation.
Step 6 - Labeling of generations, for example P1, F1, etc. 
While answering genetics problems, there are certain forms and protocols that will make unintelligible problems easier to do. The term "true-breeding strain" is a code word for homozygous. Dominant alleles are those that show up in the next generation in crosses between two different "true-breeding strains". The key to any genetics problem is the recessive phenotype (more properly the phenotype that represents the recessive genotype). It is that organism whose genotype can be determined by examination of the phenotype. Usually homozygous dominant and heterozygous individuals have identical phenotypes (although their genotypes are different). This becomes even more important in dihybrid crosses.


	HE.4.B.3

Use the laws of probability and Punnett squares to predict genotypic and phenotypic ratios 

PUNNETT SQUARE COIN TOSSING LAB
An exercise in probability . . .
DETERMINING THE GENOTYPIC AND PHENOTYPIC RATIOS
OF POTENTIAL OFFSPRING . . . THROUGH THE FLIP OF A COIN!
I. PURPOSE: To demonstrate the laws of probability, and the ratios of potential offspring, given specific sets of parents. 

II. HYPOTHESIS: If I keep accurate records, then I will collect data that closely reflects the ratios predicted through the laws of probability.
III. EXPERIMENTAL DESIGN: 

   A. MATERIALS:
1. Two coins (preferably not of the same type, so as to avoid confusion)
   B. PROCEDURE:
1. Assign letters, as instructed, to heads and tails of each coin.
· Trial 1 - BB x BB Coin 1: Heads = B, Tails = B
            (Parents) Coin 2: Heads = B, Tails = B 

· Trial 2 - bb x bb Coin 1: Heads = b, Tails = b 
            (Parents) Coin 2: Heads = b, Tails = b 

· Trial 3 - BB x bb Coin 1: Heads = B, Tails = B 
            (Parents) Coin 2: Heads = b, Tails = b 

· Trial 4 - BB x Bb Coin 1: Heads = B, Tails = B 
            (Parents) Coin 2: Heads = B, Tails = b 

· Trial 5 - Bb x bb Coin 1: Heads = B, Tails = b 
            (Parents) Coin 2: Heads = b, Tails = b 
· Trial 6 - Bb x Bb Coin 1: Heads = B, Tails = b 
            (Parents) Coin 2: Heads = B, Tails = b 

2. Flip each coin simultaneously and record the appropriate letters for the pair of coin tosses (in Chart # 1; click HERE to print a copy); be sure to note whether or not the letter is underlined. (e.g. Toss 1 = BB) This will be useful in demonstrating that more than one combination of chromosomes can produce individuals with the same genotype
· Note: Each coin = one parent (the alleles of that parent) 

· Heads & Tails = each possible gamete for that parent 

· Heads = one allele for that gene 

· Tails = the other allele for that gene 

· Heads & Tails = on homologous chromosomes 

· Heads = one chromosome in a homologous pair 

· Tails = the other chromosome in a homologous pair 

· The pair of letters you record = the genotype of a potential child of the two parents in that trial 

3. Repeat step # 2  19 more times, for a total of 20 tosses in each of the six trials = 120 tosses in all
4. Add up the totals for each of your group's trials and calculate the genotypic and phenotypic ratios for each trial (Group Ratios in Chart # 1click HERE to print a copy).
Genotypic Ratio - # BB : # Bb : # bb
Hint: BB and BB and BB and BB = BB
Phenotypic Ratio - # Dominant : # Recessive
Hint: Dominant = BB or Bb, Recessive = only bb
NOTE: To calculate the ratios, divide each number
by the lowest number other than zero.
Original Ratio
How to Calculate
Reduced Ratio
11 : 9 : 0
11 : 9 : 0
  9 : 9 : 0
1.22 : 1 : 0
Genotypic Ratio (BB : Bb : bb)
105 : 95
105 : 95
  95 : 95
1.11 : 1
Phenotypic Ratio (Dominant : Recessive)
5. Write the total results for each of the 6 trials on the chalkboard, and record the results for all of the groups in a class chart (Click HERE to print a copy.).  (I will give your group a number.)
6. Add the totals for each trial in the class chart (Click HERE to print a copy.), then calculate the genotypic and phenotypic ratios for each of the class trial totals (Class Ratios in Chart # 2; click HERE to print a copy).
7. Construct a punnett Square for each of the six trials and write the genotypic and phenotypic ratios for each square (True Ratios).
Hint: Use the parents indicated for each trial in step # 1.
8. Graph the Class totals (Not the ratios!!) for each of the six trials; this is easier to see if it is done as six separate graphs, side by side, on one page. ALL GRAPHS MUST BE HAND DRAWN! This is to ensure that I know that you know how to make a graph, rather than having the computer make it for you! 

Hint: The X axis should contain each of the 3 possible genotypes in order = BB : Bb : bb



Make all six of the graphs BAR GRAPHS.
The Y axis should contain the numbers from each of the trials (i.e. how many per genotype).
IV. DATA:  You will need to follow these links to print both Chart # 1 and Chart # 2.
 
NOTE: If you miss the lab, you can get a copy of the Lab Data on the eChalk.
1. Your group chart (Chart # 1; click HERE to print a copy) to show the results (genotypes) of all 20 tosses (children) for each of the six trials in your group.
2. The genotypic and phenotypic ratios for each of the trials in Chart # 1 (Click HERE to print a copy).
3. A class chart (Chart # 2; click HERE to print a copy) to show the results of each of the six trials for all of the groups in the class.
4. The genotypic and phenotypic ratios for each of the trials in Chart # 2 (Click HERE to print a copy).
5. The six possible punnett squares as indicated in step # 1 for each trial.
6. The genotypic and phenotypic ratios for each of the punnettt squares.
7. A graph showing the class totals for each of the six trials, all on one bar graph (i.e., 220 : 0 : 0, 0 : 0 : 220, etc.).
                        ALL GRAPHS MUST BE HAND DRAWN!
BB x BB 
bb x bb 
BB x bb 
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Genotypic Ratio 
BB : Bb : bb 
BB : Bb : bb 
BB : Bb : bb 
____ : ____ : ____ 
____ : ____ : ____ 
____ : ____ : ____ 
Phenotypic Ratio 
Dominant : Recessive 
Dominant : Recessive 
Dominant : Recessive 
_____ : _____ 
_____ : _____ 
_____ : _____ 
BB x Bb 
Bb x bb 
Bb x Bb 
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Genotypic Ratio 
BB : Bb : bb 
BB : Bb : bb 
BB : Bb : bb 
____ : ____ : ____ 
____ : ____ : ____ 
____ : ____ : ____ 
Phenotypic Ratio 
Dominant : Recessive 
Dominant : Recessive 
Dominant : Recessive 
_____ : _____ 
_____ : _____ 
_____ : _____ 
V. QUESTIONS:
1. How close were your group's ratios for each trial to the ratios of the class as a whole? Be specific.
2. How close were the class ratios for each trial to the ratios predicted by each of the punnett squares? Be specific.
3. Were any of the individual group's results extremely different from the ratios predicted by the punnett squares? Give a specific example and compare the ratios.
4. What does the data say about sample size and the accuracy of calculating ratios? Explain.
Compare your Sample Size with that of Gregor Mendel . . . 

5. Can you, with confidence, predict the actual genotypic outcome for any one given toss of the coin in trial 6? Trial 4? Trial 3? Explain.
6. Can you, with confidence, predict the actual phenotypic outcome for any one given toss of the coin in trial 6? Trial 4? Trial 3? Explain.
7. If BB = BB = BB = BB, why did I have you indicate whether or not the B came from the heads or the tails (i.e., what does the underlining indicate in terms of chromosomes?)?
8. Define the following: P generation, F1 generation, F2 generation. Indicate which ones are used in the lab above. Use specific examples.
VI. CONCLUSION: You should know what to do!
This must be 1/2 page minimum. Discuss everything you learned in today's lab. Be sure to discuss possible errors in accuracy, and any ways to improve this lab. Be sure to include any additional questions triggered by this lab, and propose ways to test those questions in an additional experiment. Note: I don't want you to waste any of the 1/2 page discussing whether or not you enjoyed the lab; your discussion here should be purely of a scientific nature.


	HE.4.B.4

Examine different modes of inheritance:

· sex linkage 

· codominance 

· crossing over 

· incomplete dominance 

· multiple alleles 

Between 1884 (the year Mendel died) and 1888 details of mitosis and meiosis were reported, the cell nucleus was identified as the location of the genetic material, and "qualities" were even proposed to be transmitted on chromosomes to daughter cells at mitosis. In 1903 Walter Sutton and Theodore Boveri formally proposed that chromosomes contain the genes. The Chromosome Theory of Inheritance is one of the foundations of genetics and explains the physical reality of Mendel's principles of inheritance.
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Fruit Fly, Drosophila melanogaster, (SEM X60). This image is copyright Dennis Kunkel at www.DennisKunkel.com, used with permission.

The location of many genes (Mendel's factors) was determined by Thomas Hunt Morgan and his coworkers in the early 1900's. Morgan's experimental organism was the fruit fly (Drosophila melanogaster). Fruit flies are ideal organisms for genetics, having a small size, ease of care, susceptibility to mutations, and short (7-9 day) generation time. The role of chromosomes in determination of sex was deduced by Morgan from work on fruit flies.
During Metaphase I, homologous chromosomes will line up. A karyotype can be made by cutting and arranging photomicrographs of the homologous chromosomes thus revealed at Metaphase I. Two types of chromosome pairs occur. Autosomes resemble each other in size and placement of the centromere, for example pairs of chromosome 21 are the same size, while pairs of chromosome 9 are of a different size from pair 21. Sex chromosomes may differ in their size, depending on the species of the organism they are from. In humans and Drosophila, males have a smaller sex chromosome, termed the Y, and a larger one, termed the X. Males are thus XY, and are termed heterogametic. Females are XX, and are termed homogametic. In grasshoppers, which Sutton studied in discovering chromosomes, there is no Y, only the X chromosome in males. Females are XX, while males are denoted as XO. Other organisms (notably birds, moths and butterflies) have males homogametic and females heterogametic. Males (if heterogametic) contribute either an X or Y to the offspring, while females contribute either X. The male thus determines the sex of the offspring. Remember that in meiosis, each chromosome is replicated and one copy sent to each gamete.
Morgan discovered a mutant eye color and attempted to use this mutant as a recessive to duplicate Mendel's results. He failed, instead of achieving a 3:1 F2 ratio the ratio was closer to 4:1 (red to white). Most mutations are usually recessive, thus the appearance of the white mutant presented Morgan a chance to test Mendel's ratios on animals. The F1 generation also had no white eyed females. Morgan hypothesized that the gene for eye color was only on the X chromosome, specifically in that region of the X that had no corresponding region on the Y. White eyed fruit flies were also more likely to die prior to adulthood, thus explaining the altered ratios. Normally eyes are red, but a variant (white) eyed was detected and used in genetic study. Cross a homozygous white eyed male with a homozygous red eyed female, and all the offspring have red eyes. Red is dominant over white. However, cross a homozygous white eyed female with a red eyed male, and the unexpected results show all the males have white eyes and all the females red eyes. This can be explained if the eye color gene is on the X chromosome.
Explanation
If the gene for eye color is on the X chromosome, the red eyed male in the second cross will pass his red eyed X to only his daughters, who in turn received only a recessive white-carrying X from their mother. Thus all females had red eyes like their father. Since the male fruit fly passes only the Y to his sons, their eye color is determined entirely by the single X chromosome they receive from their mother (in this case white). Thus all the males in the second cross were white eyed. 
These experiments introduced the concept of sex-linkage, the occurrence of genes on that part of the X that lack a corresponding location on the Y. Sex-linked recessives (such as white eyes in fruit flies, hemophilia, baldness, and colorblindness in humans) occur more commonly in males, since there is no chance of them being heterozygous. Such a condition is termed hemizygous. 
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Inheritance of eye color in fruit flies. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Characteristics of X-linked Traits
1. Phenotypic expression more common in males
2. Sons cannot inherit the trait from their fathers, but daughters can. 
Sons inherit their Y chromosome from their father.
Only a few genes have been identified on the Y chromosome, among them the testis-determining factor (TDF) that promotes development of the male phenotype.
Barr bodies are interpreted as inactivated X chromosomes in mammalian females. Since females have two X chromosomes, the Lyon hypothesis suggests that one or the other X is inactivated in each somatic (non-reproductive) cell during embryonic development. Cells mitotically produced from these embryonic cells likewise have the same inactivated X chromosome.
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The role of deactivated X chromosomes in mammalian female development. The above image is from the BIO 181 site at the University of Arizona (http://www.blc.arizona.edu:80/marty/181/181Lectures96/Figures/MolBiol/barr.GIF).

[image: image184.jpg]



Barr bodies (b) in mammalian cells. The above image is from http://Spock.gc.peachnet.edu/Biology/pictures/cb062s.jpg.

Calico cats (sometimes called tortoiseshell) are almost always female since the calico trait is caused by some areas of the cat's fur expressing one allele and others expressing the other color. Can there be a male tortoiseshell cat? How would such a cat get its genes? Remember that fur color in cats is a sex-linked feature. Would the male calico be fertile or sterile?
The Modern View of the Gene
While Mendel discussed traits, we now know that genes are segments of the DNA that code for specific proteins. These proteins are responsible for the expression of the phenotype. The basic principles of segregation and independent assortment as worked out by Mendel are applicable even for sex-linked traits.
Codominant alleles
Codominant alleles occur when rather than expressing an intermediate phenotype, the heterozygotes express both homozygous phenotypes. An example is in human ABO blood types, the heterozygote AB type manufactures antibodies to both A and B types. Blood Type A people manufacture only anti-B antibodies, while type B people make only anti-A antibodies. Codominant alleles are both expressed. Heterozygotes for codominant alleles fully express both alleles. Blood type AB individuals produce both A and B antigens. Since neither A nor B is dominant over the other and they are both dominant over O they are said to be codominant.
Incomplete dominance
Incomplete dominance is a condition when neither allele is dominant over the other. The condition is recognized by the heterozygotes expressing an intermediate phenotype relative to the parental phenotypes. If a red flowered plant is crossed with a white flowered one, the progeny will all be pink. When pink is crossed with pink, the progeny are 1 red, 2 pink, and 1 white. 
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Inheritance of flower color in snapdragons. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Flower color in snapdragons is an example of this pattern. Cross a true-breeding red strain with a true-breeding white strain and the F1 are all pink (heterozygotes). Self-fertilize the F1 and you get an F2 ratio of 1 red: 2 pink: 1 white. This would not happen if true blending had occurred (blending cannot explain traits such as red or white skipping a generation and pink flowers crossed with pink flowers should produce ONLY pink flowers). 
Multiple alleles
Many genes have more than two alleles (even though any one diploid individual can only have at most two alleles for any gene), such as the ABO blood groups in humans, which are an example of multiple alleles. Multiple alleles result from different mutations of the same gene. Coat color in rabbits is determined by four alleles. Human ABO blood types are determined by alleles A, B, and O. A and B are codominants which are both dominant over O. The only possible genotype for a type O person is OO. Type A people have either AA or AO genotypes. Type B people have either BB or BO genotypes. Type AB have only the AB (heterozygous) genotype. The A and B alleles of gene I produce slightly different glycoproteins (antigens) that are on the surface of each cell. Homozygous A individuals have only the A antigen, homozygous B individuals have only the B antigen, homozygous O individuals produce neither antigen, while a fourth phenotype (AB) produces both A and B antigens. 
Interactions among genes
While one gene may make only one protein, the effects of those proteins usually interact (for example widow's peak may be masked by expression of the baldness gene). Novel phenotypes often result from the interactions of two genes, as in the case of the comb in chickens. The single comb is produced only by the rrpp genotype. Rose comb (b) results from R_pp. (_ can be either R or r). Pea comb (c) results from rrP_. Walnut comb, a novel phenotype, is produced when the genotype has at least one dominant of each gene (R_P_).
Epistasis
Epistasis is the term applied when one gene interferes with the expression of another (as in the baldness/widow's peak mentioned earlier). Bateson reported a different phenotypic ratio in sweet pea than could be explained by simple Mendelian inheritance. This ratio is 9:7 instead of the 9:3:3:1 one would expect of a dihybrid cross between heterozygotes. Of the two genes (C and P), when either is homozygous recessive (cc or pp) that gene is epistatic to (or hides) the other. To get purple flowers one must have both C and P alleles present.
Environment and Gene Expression
Phenotypes are always affected by their environment. In buttercup (Ranunculus peltatus), leaves below water-level are finely divided and those above water-level are broad, floating, photosynthetic leaf-like leaves. Siamese cats are darker on their extremities, due to temperature effects on phenotypic expression. Expression of phenotype is a result of interaction between genes and environment. Siamese cats and Himalayan rabbits both animals have dark colored fur on their extremities. This is caused by an allele that controls pigment production being able only to function at the lower temperatures of those extremities. Environment determines the phenotypic pattern of expression.
Polygenic Inheritance
Polygenic inheritance is a pattern responsible for many features that seem simple on the surface. Many traits such as height, shape, weight, color, and metabolic rate are governed by the cumulative effects of many genes. Polygenic traits are not expressed as absolute or discrete characters, as was the case with Mendel's pea plant traits. Instead, polygenic traits are recognizable by their expression as a gradation of small differences (a continuous variation). The results form a bell shaped curve, with a mean value and extremes in either direction.
Height in humans is a polygenic trait, as is color in wheat kernels. Height in humans is NOT discontinuous. If you line up the entire class a continuum of variation is evident, with an average height and extremes in variation (very short [vertically challenged?] and very tall [vertically enhanced]). Traits showing continuous variation are usually controlled by the additive effects of two or more separate gene pairs. This is an example of polygenic inheritance. The inheritance of EACH gene follows Mendelian rules.
Usually polygenic traits are distinguished by
1. Traits are usually quantified by measurement rather than counting. 

2. Two or more gene pairs contribute to the phenotype. 

3. Phenotypic expression of polygenic traits varies over a wide range. 

Human polygenic traits include
1. Height 

2. SLE (Lupus) 
3. Weight 
4. Eye Color 
5. Intelligence 

6. Skin Color 

7. Many forms of behavior 
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The role of many genes (polygenic inheritance) in production of a continuum of phenotypes. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Pleiotropy
Pleiotropy is the effect of a single gene on more than one characteristic. An example is the "frizzle-trait" in chickens. The primary result of this gene is the production of defective feathers. Secondary results are both good and bad; good include increased adaptation to warm temperatures, bad include increased metabolic rate, decreased egg-laying, changes in heart, kidney and spleen. Cats that are white with blue eyes are often deaf, white cats with a blue and an yellow-orange eye are deaf on the side with the blue eye. Sickle-cell anemia is a human disease originating in warm lowland tropical areas where malaria is common. Sickle-celled individuals suffer from a number of problems, all of which are pleiotropic effects of the sickle-cell allele. 
Genes and Chromosomes
Linkage occurs when genes are on the same chromosome. Remember that sex-linked genes are on the X chromosome, one of the sex chromosomes. Linkage groups are invariably the same number as the pairs of homologous chromosomes an organism possesses. Recombination occurs when crossing-over has broken linkage groups, as in the case of the genes for wing size and body color that Morgan studied. Chromosome mapping was originally based on the frequencies of recombination between alleles.
Since mutations can be induced (by radiation or chemicals), Morgan and his coworkers were able to cause new alleles to form by subjecting fruit flies to mutagens (agents of mutation, or mutation generators). Genes are located on specific regions of a certain chromosome, termed the gene locus (plural: loci). A gene therefore is a specific segment of the DNA molecule.
Alfred Sturtevant, while an undergraduate student in Morgan's lab, postulated that crossing-over would be less common between genes adjacent to each other on the same chromosome and that it should be possible to plot the sequence of genes along a fruit fly chromosome by using crossing-over frequencies. Distances on gene maps are expressed in map units (one map unit = 1 recombinant per 100 fertilized eggs; or a 1% chance of recombination).
The map for Drosophila melanogaster chromosomes is well known. Note that eye color and aristae length are far apart, as indicated by the occurrence of more recombinants (crossing-overs) between them, while wing length is closer to eye shape (as indicated by the low frequency of recombination between these two features).
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Figure A illustrates the fruit fly chromosomes at metaphase; figure B shows a polytene chromosome. The above image is from Around the Genome (at http://fly2.berkeley.edu/BDGP/publications/Around_the_Genomes.html).



	HE.4.B.5

Analyze the historically significant work of prominent geneticists 

Timeline of notable discoveries
1859 Charles Darwin publishes The Origin of Species 

1865 Gregor Mendel's paper, Experiments on Plant Hybridization 

1903 Chromosomes are discovered to be hereditary units 

1905 British biologist William Bateson coins the term "genetics" in a letter to Adam Sedgwick 

1910 Thomas Hunt Morgan shows that genes reside on chromosomes 

1913 Alfred Sturtevant makes the first genetic map of a chromosome 

1913 Gene maps show chromosomes containing linear arranged genes 

1918 Ronald Fisher publishes On the correlation between relatives on the supposition of Mendelian inheritance - the modern synthesis starts. 

1927 Physical changes in genes are called mutations 

1928 Frederick Griffith discovers a hereditary molecule that is transmissible between bacteria (see Griffiths experiment) 

1931 Crossing over is the cause of recombination (see Barbara McClintock and cytogenetics) 

1941 Edward Lawrie Tatum and George Wells Beadle show that genes code for proteins; see the original central dogma of genetics 

1944 Oswald Theodore Avery, Colin McLeod and Maclyn McCarty isolate DNA as the genetic material (at that time called transforming principle) 

1950 Erwin Chargaff shows that the four nucleotides are not present in nucleic acids in stable proportions, but that some general rules appear to hold (e.g., that the amount of adenine, A, tends to be equal to that of thymine, T). Barbara McClintock discovers transposons in maize 

1952 The Hershey-Chase experiment proves the genetic information of phages (and all other organisms) to be DNA 

1953 DNA structure is resolved to be a double helix by James D. Watson and Francis Crick, with the help of Rosalind Franklin 

1956 Jo Hin Tjio and Albert Levan established the correct chromosome number in humans to be 46 

1958 The Meselson-Stahl experiment demonstrates that DNA is semiconservatively replicated 

1961 The genetic code is arranged in triplets 

1964 Howard Temin showed using RNA viruses that Watson's central dogma is not always true 

1970 Restriction enzymes were discovered in studies of a bacterium, Haemophilius influenzae, enabling scientists to cut and paste DNA 

1977 DNA is sequenced for the first time by Fred Sanger, Walter Gilbert, and Allan Maxam working independently. Sanger's lab complete the entire genome of sequence of Bacteriophage Φ-X174;. 

1983 Kary Banks Mullis discovers the polymerase chain reaction enabling the easy amplification of DNA 

1985 Alec Jeffreys discovers genetic finger printing. 

1989 The first human gene is sequenced by Francis Collins and Lap-Chee Tsui. It encodes the CFTR protein. Defects in this gene cause cystic fibrosis 

1995 The genome of Haemophilus influenzae is the first genome of a free living organism to be sequenced 

1996 Saccharomyces cerevisiae is the first eukaryote genome sequence to be released 

1998 The first genome sequence for a multicellular eukaryote, C. elegans is released 

2001 First draft sequences of the human genome are released simultaneously by the Human Genome Project and Celera Genomics. 

2003 (14 April) Successful completion of Human Genome Project with 99% of the genome sequenced to a 99.99% accuracy [1] 

History of Genetics Timeline

Jo Ann Lane
1994 Woodrow Wilson Collection 



As scientists sought to understand more about the nature of inheritance of traits, hereditary processes were explained in ever increasing detail beginning at the populational level and going toward the molecular level. Keeping this fact in mind will help in understanding the timeline which follows. 

Year
Scientist(s)
Discovery
1858 
Charles Darwin Alfred Russel Wallace 
Joint announcement of the theory of natural selection-that members of a population who are better adapted to the environment survive and pass on their traits.
1859 
Charles Darwin 
Published The Origin of Species.
1866 
Gregor Mendel 
Published the results of his investigations of the inheritance of "factors" in pea plants.
1900 
Carl Correns Hugo de Vries Erich von Tschermak
Mendel's principles were independently discovered and verified, marking the beginning of modern genetics.
1902 
Walter Sutton 
Pointed out the interrelationships between cytology and Mendelism, closing the gap between cell morphology and heredity.
1905 
Nettie Stevens Edmund Wilson 
Independently described the behavior of sex chromosomes-XX determines female; XY determines male.
1908 
Archibald Garrod 
Proposed that some human diseases are due to "inborn errors of metabolism" that result from the lack of a specific enzyme.
1910 
Thomas Hunt Morgan 
Proposed a theory of sex-linked inheritance for the first mutation discovered in the fruit fly, Drosophila, white eye. This was followed by the gene theory, including the principle of linkage.
1927 
Hermann J. Muller 
Used x-rays to cause artificial gene mutations in Drosophila.
1928
Fred Griffith 
Proposed that some unknown "principle" had transformed the harmless R strain of Diplococcus to the virulent S strain.
1931 
Harriet B. Creighton 
Barbara McClintock
Demonstrated the cytological proof for crossing-over in maize.
1941 
George Beadle 
Edward Tatum
Irradiated the red bread mold, Neurospora, and proved that the gene produces its effect by regulating particular enzymes.
1944 
Oswald Avery 
Colin MacLeod 
Maclyn McCarty
Reported that they had purified the transforming principle in Griffith's experiment and that it was DNA.
1945 
Max Delbruck
Organized a phage course at Cold Spring Harbor Laboratory which was taught for 26 consecutive years. This course was the training ground of the first two generations of molecular biologists 
late 1940s
Barbara McClintock 
Developed the hypothesis of transposable elements to explain color variations in corn.
1950 
Erwin Chargaff 
Discovered a one-to-one ratio of adenine to thymine and guanine to cytosine in DNA samples from a variety of organisms.
1951 
Rosalind Franklin 
Obtained sharp X-ray diffraction photographs of DNA.
1952 
Martha Chase 
Alfred Hershey
Used phages in which the protein was labeled with 35S and the DNA with 32P for the final proof that DNA is the molecule of heredity.
1953 
Francis Crick 
James Watson
Solved the three-dimensional structure of the DNA molecule.
1958 
Matthew Meselson 
Frank Stahl
Used isotopes of nitrogen to prove the semiconservative replication of DNA.
1958
Arthur Kornberg 
Purified DNA polymerase I from E. coli, the first enzyme that made DNA in a test tube.
1966 
Marshall Nirenberg 
H. Gobind Khorana
Led teams that cracked the genetic code- that triplet mRNA codons specify each of the twenty amino acids.
1970
Hamilton Smith 
Kent Wilcox
Isolated the first restriction enzyme, HindII, that could cut DNA molecules within specific recognition sites.
1972 
Paul Berg 
Herb Boyer
Produced the first recombinant DNA molecules.
1973 
Joseph Sambrook 
Led the team at Cold Spring Harbor Laboratory that refined DNA electrophoresis by using agarose gel and staining with ethidium bromide.
1973 
Annie Chang 
Stanley Cohen
Showed that a recombinant DNA molecule can be maintained and replicated in E. coli.
1975 
 
International meeting at Asilomar, California urged the adoption of guidelines regulating recombinant DNA experimentation.
1977 
Fred Sanger 
Developed the chain termination (dideoxy) method for sequencing DNA.
1977 
 
The first genetic engineering company (Genentech) is founded, using recombinant DNA methods to make medically important drugs.
1978
  
Somatostatin became the first human hormone produced using recombinant DNA technology.
1981
  
Three independent research teams announced the discovery of human oncogenes (cancer genes).
1983 
James Gusella 
Used blood samples collected by Nancy Wexler and her co-workers to demonstrate that the Huntington's disease gene is on chromosome 4.
1985 
Kary B. Mullis 
Published a paper describing the polymerase chain reaction (PCR), the most sensitive assay for DNA yet devised.
1988
  
The Human Genome Project began with the goal of determining the entire sequence of DNA composing human chromosomes.
1989 
Alec Jeffreys 
Coined the term DNA fingerprinting and was the first to use DNA polymorphisms in paternity, immigration, and murder cases.
1989
Francis Collins 
Lap-Chee Tsui
Identified the gene coding for the cystic fibrosis transmembrane conductance regulator protein (CFTR) on chromosome 7 that, when mutant, causes cystic fibrosis.
1990 
 
First gene replacement therapy-T cells of a four-year old girl were exposed outside of her body to retroviruses containing an RNA copy of a normal ADA gene. This allowed her immune system to begin functioning. 
1993 
 
FlavrSavr tomatoes, genetically engineered for longer shelf life, were marketed.


	Evaluate karyotypes for abnormalities: 

· Monosomy

· Trisomy

Chromosomes for any given species are distinguished by size and location of the centromere. They are studied under the microscope after being prepared and stained. Chromosomes are examined during the metaphase portion of mitotic division, since this is when they are most coiled and therefore most distinct. The chromosomes are then photographed, cut out, and arranged from the largest to smallest. By convention, the shorter arms of the chromosomes (p arms) are on top; the longer arms (q)below. This arrangement is referred to as a karyotype.

The number of chromosomes varies among species, but for each species there is a particular number of chromosomes (n) per haploid set. Since the organisms for this exercise are diploid, each cell has 2 sets (2n). For example, humans have 23 chromosomes per haploid set; 2n = 46. Drosophila have a haploid number of 4; 2n = 8. During mitosis, the 2n number is maintained in the daughter cells; in meiosis, the number is reduced to n.

In each species, chromosomes in a karyotype are numbered and paired so that each pair contains one set of homologues: one maternal and one paternal. From the staining procedures applied a pattern of banding appears which is unique to each chromosome. It is this banding which allows for specific genes to be located on a region of a chromosome. The arms are further subdivided into regions which are numbered beginning with the centromere. This numbering system allows each gene to have a specific "address".
Karyotype Sheets:  http://www.biologycorner.com/worksheets/karyotype/chromosomestudy-teacher.html
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Fig. 6. Karyotype. 

Microscopic examination of chromosome size and banding patterns allows medical laboratories to identify and arrange each of the 24 different chromosomes (22 pairs of autosomes and one pair of sex chromosomes) into a karyotype, which then serves as a tool in the diagnosis of genetic diseases. The extra copy of chromosome 21 in this karyotype identifies this individual as having Down's syndrome.
The X and Y chromosomes are called the sex chromosomes.
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Above is a human karyotype (of which sex?). It differs from a normal human karyotype in having an extra #21 dyad. As a result, this individual suffered from a developmental disorder called Down Syndrome. The inheritance of an extra chromosome, is called trisomy, in this case trisomy 21.




Strand: Heredity and Evolution
                   Standard 5: Students shall investigate the molecular basis of genetics.

	HE.5.B.1

Model the components of a DNA nucleotide and an RNA nucleotide
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A nucleotide is composed of three parts:  pentose, base and phosphate group.  In DNA or RNA, a pentose is associated with only one phosphate group, but a cellular free nucleotide (such as ATP) may contain more than one phosphate group.  If all phosphate groups are removed, a nucleotide becomes a nucleoside.
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Figure 3-A-1.  The general structure of nucleotides.  Left: computer model.  Right: a simplified representation. 

Pentose
[image: image193.png]OH
L~ I
Hc\w 1‘/CH
Hﬂ:ﬂj‘(‘:H

OH OH

Ribose
{in RNA)

g
HOCH,
oH
T
Hc\w 1‘/CH
H<‘:3‘J‘<‘:H
OH

2-Deoxyribose
(in DNA)




Figure 3-A-2.  The chemical structure of pentose which contains five carbon atoms, labeled as C1' to C5'.  The pentose is called ribose in RNA and deoxyribose in DNA, because the DNA's pentose lacks an oxygen atom at C2'.  Recalling that RNA stands for "ribonucleic acid", and DNA for "deoxyribonucleic acid".

Bases
There are five different bases, each is denoted by a single letter as given in the parenthesis:

Adenine (A), Cytosine (C), Guanine (G), Thymine (T), and Uracil (U).
Among them,

A, C, G and T  exist in DNA;

A, C, G and U  exist in RNA.

Their chemical structures are shown in the following figure.  A and G contain a pair of fused rings, classified as purines.  C, T, and U contain only one ring, classified as pyrimidines.
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Figure 3-A-3.  Chemical structures of bases in DNA and RNA.  The red dot is connected to the pentose.

 

We note that the chemical structure of uracil is simpler than thymine.  This gives a good reason why RNA uses uracil, instead of thymine.  However, why does DNA use thymine?   The major requirement in designing DNA bases is that they must be able to form pairs. But adenine can pair with uracil as perfectly as with thymine.  Then, why DNA chooses a more complex base?  This question had been puzzling researchers for many years, until they understood the DNA repairing mechanism.



	HE.5.B.2

Describe the Watson-Crick double helix model of DNA, using the base-pairing rule (adenine-thymine, cytosine-guanine)

DNA is a double helix, with bases to the center (like rungs on a ladder) and sugar-phosphate units along the sides of the helix (like the sides of a twisted ladder). The strands are complementary (deduced by Watson and Crick from Chargaff's data, A pairs with T and C pairs with G, the pairs held together by hydrogen bonds). Notice that a double-ringed purine is always bonded to a single ring pyrimidine. Purines are Adenine (A) and Guanine (G). We have encountered Adenosine triphosphate (ATP) before, although in that case the sugar was ribose, whereas in DNA it is deoxyribose. Pyrimidines are Cytosine (C) and Thymine (T). The bases are complementary, with A on one side of the molecule you only get T on the other side, similarly with G and C. If we know the base sequence of one strand we know its complement. 
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Rendering of two complementary bases on a DNA molecule. Image prepared using MacMolecule.
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The ribbon model of DNA. Image from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.



	HE.5.B.3

Compare and contrast the structure and function of DNA and RNA

DNA & RNA
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 What is DNA?  (Deoxyribonucleic Acid) 

  A.  A molecule that: 

   1.  Stores genetic information.  In each of your cells are the blueprints for making and 
        maintaining a copy of you! (except for RBC’s) 
   2.  Transmits genetic information. 
   3.  Directs development & maintains life by 
       instructing cells to make proteins. 

  B.  A polymer of nucleotides (polymer-like a train) 

RNA vs DNA 

 DNA                                                                         RNA 

 1.  Two Strands (double helix)                             1.  Single Strand 
 2.  Deoxyribose sugar                                          2.  Ribose sugar 
 3.  A-T, G-C                                                         3.  A-U (uricil), G-C 
 4.  One kind                                                         4.  Three kinds 
                                                                 *  mRNA (carries DNA message to cytoplasm) 
                                                                 *  tRNA (carries amino acids to mRNA and 
                                                                    ribosomes) 
                                                                 *  rRNA (ribosomal RNA) workbench for protein 
                                                                     synthesis 
  



	HE.5.B.4

Describe and model the processes of replication, transcription, and translation 

Replication 

  A.  DNA makes a copy of itself before the cell divides. 

   1.  This occurs in the nucleus of cells. 
   2.  Replication happens many times a day in skin cells.  Hundreds of blueprints of you are 
        made everyday. 

  B.  Process of Replication 

   1.  DNA uncoils 
   2.  Nucleotides pair up with exposed bases forming two DNA ladders. 
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 Transcription 

  A. DNA does not leave the nucleus so it needs a messenger. 

  B.   DNA makes Messenger Ribonucleic Acid (mRNA) in the nucleus 

  C.  Transcription Process 

   1.  DNA uncoils 
   2.  Single stranded mRNA is constructed 
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  Translation 

  A.  DNA’s message is translated into protein by the RNA. 

  B.  This occurs at the ribosomes in the cytoplasm. 

  C.  The proteins are used for structure and enzymes. 
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	HE.5.B.5

Compare and contrast the different types of mutation events, including point mutation, frameshift mutation, deletion, and inversion

Chromosome Abnormalities

Chromosome abnormalities include inversion, insertion, duplication, and deletion. These are types of mutations. Since DNA is information, and information typically has a beginning point, an inversion would produce an inactive or altered protein. Likewise deletion or duplication will alter the gene product.
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Chromosomal mutations. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Mutations

In the living cell, DNA undergoes frequent chemical change, especially when it is being replicated (in S phase of the eukaryotic cell cycle). Most of these changes are quickly repaired. Those that are not result in a mutation. Thus, mutation is a failure of DNA repair.

Single-base substitutions

A single base, say an A, becomes replaced by another. Single base substitutions are also called point mutations. (If one purine [A or G] or pyrimidine [C or T] is replaced by the other, the substitution is called a transition. If a purine is replaced by a pyrimidine or vice-versa, the substitution is called a transversion.)

Missense mutations

With a missense mutation, the new nucleotide alters the codon so as to produce an altered amino acid in the protein product.
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EXAMPLE: sickle-cell disease The replacement of A by T at the 17th nucleotide of the gene for the beta chain of hemoglobin changes the codon GAG (for glutamic acid) to GTG (which encodes valine). Thus the 6th amino acid in the chain becomes valine instead of glutamic acid. 

ANOTHER EXAMPLE: Patient A with cystic fibrosis (scroll down).

Nonsense mutations

With a nonsense mutation, the new nucleotide changes a codon that specified an amino acid to one of the STOP codons (TAA, TAG, or TGA). Therefore, translation of the messenger RNA transcribed from this mutant gene will stop prematurely. The earlier in the gene that this occurs, the more truncated the protein product and the more likely that it will be unable to function.
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Here is a sampling of the more than 1000 different mutations that have been found in patients with cystic fibrosis. Each of these mutations occurs in a huge gene that encodes a protein (of 1480 amino acids) called the cystic fibrosis transmembrane conductance regulator (CFTR). The protein is responsible for transporting chloride ions through the plasma membrane. The gene encompasses over 6000 nucleotides spread over 27 exons on chromosome 7. The numbers in the mutation column represent the number of the nucleotides affected. Defects in the protein cause the various symptoms of the disease. Unlike sickle-cell disease, then, no single mutation is responsible for all cases of cystic fibrosis. People with cystic fibrosis inherit two mutant genes, but the mutations need not be the same. 

In one patient with cystic fibrosis (Patient B), the substitution of a T for a C at nucleotide 1609 converted a glutamine codon (CAG) to a STOP codon (TAG). The protein produced by this patient had only the first 493 amino acids of the normal chain of 1480 and could not function. 

Silent mutations

Most amino acids are encoded by several different codons. For example, if the third base in the TCT codon for serine is changed to any one of the other three bases, serine will still be encoded. Such mutations are said to be silent because they cause no change in their product and cannot be detected without sequencing the gene (or its mRNA).

Splice-site mutations

The removal of intron sequences, as pre-mRNA is being processed to form mRNA, must be done with great precision. Nucleotide signals at the splice sites guide the enzymatic machinery. If a mutation alters one of these signals, then the intron is not removed and remains as part of the final RNA molecule. The translation of its sequence alters the sequence of the protein product. 

Insertions and Deletions (Indels)

Extra base pairs may be added (insertions) or removed (deletions) from the DNA of a gene. The number can range from one to thousands. Collectively, these mutations are called indels. 
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Indels involving one or two base pairs (or multiples thereof) can have devastating consequences to the gene because translation of the gene is "frameshifted". This figure shows how by shifting the reading frame one nucleotide to the right, the same sequence of nucleotides encodes a different sequence of amino acids. The mRNA is translated in new groups of three nucleotides and the protein specified by these new codons will be worthless. Scroll up to see two other examples (Patients C and D). 

Frameshifts often create new STOP codons and thus generate nonsense mutations. Perhaps that is just as well as the protein would probably be too garbled anyway to be useful to the cell.

Indels of three nucleotides or multiples of three may be less serious because they preserve the reading frame (see Patient E above). 

However, a number of inherited human disorders are caused by the insertion of many copies of the same triplet of nucleotides. Huntington's disease and the fragile X syndrome are examples of such trinucleotide repeat diseases.

Fragile X Syndrome

Several disorders in humans are caused by the inheritance of genes that have undergone insertions of a stretch of identical codons repeated over and over. A locus on the human X chromosome contains such a stretch of nucleotides in which the triplet CGG is repeated (CGGCGGCGGCGG, etc.). The number of CGGs may be as few as 5 or as many as 50 without causing a harmful phenotype (these repeated nucleotides are in a noncoding region of the gene). Even 100 repeats usually cause no harm. However, these longer repeats have a tendency to grow longer still from one generation to the next (to as many as 4000 repeats). 
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This causes a constriction in the X chromosome, which makes it quite fragile. Males who inherit such a chromosome (only from their mothers, of course) show a number of harmful phenotypic effects including mental retardation. Females who inherit a fragile X (also from their mothers; males with the syndrome seldom become fathers) are only mildly affected. 

This image shows the pattern of inheritance of the fragile X syndrome in one family. The number of times that the trinucleotide CGG is repeated is given under the symbols. The gene is on the X chromosome, so women (circles) have two copies of it; men (squares) have only one. People with a gene containing 80–90 repeats are normal (light red), but this gene is unstable, and the number of repeats can increase into the hundreds in their offspring. Males who inherit such an enlarged gene suffer from the syndrome (solid red squares). (Data from C. T. Caskey, et al.).

Huntington's Disease

In this disorder, the repeated trinucleotide is CAG, which adds a string of glutamines (Gln) to the encoded protein (called huntingtin). The abnormal protein increases the level of the p53 protein in brain cells causing their death by apoptosis. 

Duplications

Duplications are a doubling of a section of the genome. During meiosis, crossing over between sister chromatids that are out of alignment can produce one chromatid with an duplicated gene and the other (not shown) having two genes with deletions. In the case shown here, unequal crossing over created a second copy of a gene needed for the synthesis of the steroid hormone aldosterone. 
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However, this new gene carries inappropriate promoters at its 5' end (acquired from the 11-beta hydroxylase gene) that cause it to be expressed more strongly than the normal gene. The mutant gene is dominant: all members of one family (through four generations) who inherited at least one chromosome carrying this duplication suffered from high blood pressure and were prone to early death from stroke. 

Gene duplication has occurred repeatedly during the evolution of eukaryotes. Genome analysis reveals many genes with similar sequences in a single organism. Presumably these paralogous genes have arisen by repeated duplication of an ancestral gene. 

Such gene duplication can be beneficial. 

· Over time, one of the duplicates can acquire a new function. This can provide the basis for adaptive evolution. 

· But even while two paralogous genes are still similar in sequence and function, their existence provides redundancy ("belt and suspenders"). This may be a major reason why knocking out genes in yeast, "knockout mice", etc. so often has such a mild effect on the phenotype. The function of the knocked out gene can be taken over by a paralog. 

· After gene duplication, random loss — or inactivation — of one of these genes at a later time in 

· one group of descendants 

· different from the loss in another group 

could provide a barrier (a "post-zygotic isolating mechanism") to the two groups interbreeding. Such a barrier could cause speciation: the evolution of two different species from a single ancestral species. 

Translocations

Translocations are the transfer of a piece of one chromosome to a nonhomologous chromosome. Translocations are often reciprocal; that is, the two nonhomologues swap segments. 
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Translocations can alter the phenotype is several ways:

· the break may occur within a gene destroying its function 

· translocated genes may come under the influence of different promoters and enhancers so that their expression is altered. The translocations in Burkitt's lymphoma are an example. 

· the breakpoint may occur within a gene creating a hybrid gene. This may be transcribed and translated into a protein with an N-terminal of one normal cell protein coupled to the C-terminal of another. The Philadelphia chromosome found so often in the leukemic cells of patients with chronic myelogenous leukemia (CML) is the result of a translocation which produces a compound gene (bcr-abl). 



	HE.5.B.6

Identify effects of changes brought about by mutations: 

· beneficial

· harmful

· neutral 

Somatic vs. Germline Mutations

The significance of mutations is profoundly influenced by the distinction between germline and soma. Mutations that occur in a somatic cell, in the bone marrow or liver for example, may 

· damage the cell 

· make the cell cancerous 

· kill the cell 

Whatever the effect, the ultimate fate of that somatic mutation is to disappear when the cell in which it occurred, or its owner, dies. 

Germline mutations, in contrast, will be found in every cell descended from the zygote to which that mutant gamete contributed. If an adult is successfully produced, every one of its cells will contain the mutation. Included among these will be the next generation of gametes, so if the owner is able to become a parent, that mutation will pass down to yet another generation.

POTENTIAL EFFECTS OF MUTATIONS

Mutations in translated regions:

Base substitution mutations

Wild-type (sometimes termed "samesense"): where the base substitution mutation causes the same amino acid to be inserted as was found in wild-type. (Though such a mutation will probably not affect the phenotype, it just might through: effects on DNA structure, sites for DNA modification, sites involved in mRNA synthesis, sites necessary for mRNA stability or instability because of binding of protective or degradative proteins, changes in mRNA structure, and effects on translation through changes in codon choice or context).

Non-wild-type (missense mutations): where the base substitution mutation causes an amino acid to be inserted which differs from that in a wild-type protein. This can give rise to normally active proteins, inactive proteins, less active proteins, unstable proteins (where the protein is prematurely degraded by proteases within the cell), conditionally active proteins (where the conditional step is either at the level of protein stability or protein synthesis), hyperactive proteins, proteins with new function, charge-altered proteins, proteins that are unprocessed (e.g. where processing is required for insertion into or extrusion through the membrane), and finally longer proteins (where the termination signal itself is altered). The typical result will be a less functional product.

Nonsense mutations yield shortened polypeptides that typically have little or no activity and tend to be highly unstable because of intracellular proteases. Such mutations often display some polarity onto transcriptionally downstream genes. In bacteria, UAA (a.k.a. ochre), UAG (a.k.a. amber), and UGA (a.k.a. opal) are usually recognized as stop signals. 

Frameshift mutations: These tend to have a profound effect on a protein product including both loss of function and instability. Since frameshift mutations put ribosomes out of the proper reading frame, they often disclose nonsense codons which then result in polarity. 

(The above-described mutations are referred to collectively as "point" mutations.)

Small deletions: These will typically give a complete loss of protein function and cause proteins to be synthesized that are of less than normal stability. Approximately two-thirds of such small deletions (if internal to a gene) will be polar to some extent onto downstream genes.

Mutations in untranslated regions:

Transcribed: Mutations that occur in transcribed but untranslated regions might still affect the translation system by affecting the recognition signal for binding of ribosomes. They might conceivably affect mRNA stability, attenuation, and, where the gene product is an RNA, mutations might cause a loss of product function or cause improper processing or modification of the product. 

Untranscribed regions: Mutations in regions that are neither transcribed nor translated might affect either transcriptional start or stop signals and thus the regulation of the region in question. It is also possible they might affect "structural" regions of the DNA, affecting gene expression indirectly.

Large deletions, inversions, and duplications: Such mutations can span both translated and transcribed regions and as such they can have a variety of effects. For example, they can generate transcript fusions or gene fusions; they can generate strong polarity; and deletions and inversions typically eliminate the products of the affected genes. Large inversions also have the subtle effect of changing gene position with respect to the origin of replication, thus changing the average copy number per cell. Duplications can have phenotypes when the copy number of that particular region is critical.

Insertions, insertion sequences, and transposons: Mutations involving such mechanisms will destroy whatever function was encoded by the affected region. They typically cause polarity due to their encoding of RNA termination signals and can occasionally provide new promoters reading into the flanking regions.




Strand: Heredity and Evolution
                      Standard 6: Students shall examine the development of the theory of biological evolution.
	HE.6.B.1

Compare and contrast Lamarck’s explanation of evolution with Darwin’s theory of evolution by natural selection

Lamarck's Scientific Thought 

Beginning in 1801, Lamarck began to publish details of his evolutionary theories. Where men like Buffon had hinted at the possibility of evolutionary change, Lamarck declared it forthrightly. In 1801 he wrote: 

. . . time and favorable conditions are the two principal means which nature has employed in giving existence to all her productions. We know that for her time has no limit, and that consequently she always has it at her disposal. 

What was the mechanism for evolution? "Lamarckism" or "Lamarckianism" is now often used in a rather derogatory sense to refer to the theory that acquired traits can be inherited. What Lamarck actually believed was more complex: organisms are not passively altered by their environment, as his colleague Geoffroy Saint-Hilaire thought. Instead, a change in the environment causes changes in the needs of organisms living in that environment, which in turn causes changes in their behavior. Altered behavior leads to greater or lesser use of a given structure or organ; use would cause the structure to increase in size over several generations, whereas disuse would cause it to shrink or even disappear. This rule -- that use or disuse causes structures to enlarge or shrink -- Lamarck called the "First Law" in his book Philosophie zoologique. Lamarck's "Second Law" stated that all such changes were heritable. The result of these laws was the continuous, gradual change of all organisms, as they became adapted to their environments; the physiological needs of organisms, created by their interactions with the environment, drive Lamarckian evolution. 

While the mechanism of Lamarckian evolution is quite different from that proposed by Darwin, the predicted result is the same: adaptive change in lineages, ultimately driven by environmental change, over long periods of time. It is interesting to note that Lamarck cited in support of his theory of evolution many of the same lines of evidence that Darwin was to use in the Origin of Species. Lamarck's Philosophie zoologique mentions the great variety of animal and plant forms produced under human cultivation (Lamarck even anticipated Darwin in mentioning fantail pigeons!); the presence of vestigial, non-functional structures in many animals; and the presence of embryonic structures that have no counterpart in the adult. Like Darwin and later evolutionary biologists, Lamarck argued that the Earth was immensely old. Lamarck even mentions the possibility of natural selection in his writings, although he never seems to have attached much importance to this idea. 

It is even more interesting to note that, although Darwin tried to refute the Lamarckian mechanism of inheritance, he later admitted that the heritable effects of use and disuse might be important in evolution. In the Origin of Species he wrote that the vestigial eyes of moles and of cave-dwelling animals are "probably due to gradual reduction from disuse, but aided perhaps by natural selection." Lamarckian inheritance, at least in the sense Lamarck intended, is in conflict with the findings of genetics and has now been largely abandoned -- but until the rediscovery of Mendel's laws at the beginning of the twentieth century, no one understood the mechanisms of heredity, and Lamarckian inheritance was a perfectly reasonable hypothesis. Several other scientists of the day, including Erasmus Darwin, subscribed to the theory of use and disuse -- in fact, Erasmus Darwin's evolutionary theory is so close to Lamarck's in many respects that it is surprising that, as far as is known now, the two men were unaware of each other's work. 

In several other respects, the theory of Lamarck differs from modern evolutionary theory. Lamarck viewed evolution as a process of increasing complexity and "perfection," not driven by chance; as he wrote in Philosophie zoologique, "Nature, in producing in succession every species of animal, and beginning with the least perfect or simplest to end her work with the most perfect, has gradually complicated their structure." Lamarck did not believe in extinction: for him, species that disappeared did so because they evolved into different species. If this goes on for too long, it would mean the disappearance of less "perfect" organisms; Lamarck had to postulate that simple organisms, such as protists, were constantly being spontaneously generated. Yet despite these differences, Lamarck made a major contribution to evolutionarythought, developing a theory that paralleled Darwin's in many respects. Rediscovered in the middle part of the 19th century, his theories finally gained the attention they merited. His mechanism of evolution remained a popular alternative to Darwinian selection until the beginning of the 20th century; prominent scientists like Edward Drinker Cope adopted Lamarckianism and tried to apply it to their work. Though his proposed mechanism eventually fell out of favor, he broke ground in establishing the fact of evolution. 



	HE.6.B.2

Recognize that evolution involves a change in allele frequencies in a population across successive generations

Populations

Without variation (which arises from mutations of DNA molecules to produce new alleles) natural selection would have nothing on which to act. A population is a group of individuals living in the same geographical area and sharing a common gene pool. The gene pool is the sum of all genetic information carried by the members of a population. 
All genetic variation in a population is generated by mutation. Mutation is any heritable change in DNA. Mutations can be changes of a single nucleotide base or may involve changes in chromosome number. Whether a mutation is good, neutral, or harmful depends on how it affects survival and reproductive success. 
Population Genetics

A population is a group of potentially interbreeding organisms of the same species occupying a certain area. Members of a population vary from one another. This variation is the raw material on which natural selection operates. 
There are several types of mutations, both at the gene-level and the chromosome-level. Gene mutations provide new alleles, making these mutations the ultimate source of variation. A gene mutation is an alteration in the DNA nucleotide sequence, producing an alternate sequence, termed an allele. Mutations occur at random, and can be beneficial, neutral, or harmful. Some chromosomal mutations are changes in the number of chromosomes inherited, while others are alterations in arrangement of alleles on chromosomes due to inversions and translocations.
In sexually reproducing organisms, genetic recombination is the realloc ation of alleles and chromosomes. Recombination results from crossing-over during meiosis, the random segregation of chromosomes to gametes during meiotic division, and the random combination of gametes during fertilization. The entire genotype is subject to natural selection since new combinations of alleles may have improve the reproductive success of the organism. For polygenic traits, the most favorable combination may occur when the right alleles group by recombination.
Not only are variations created, they are also preserved and passed on from one generation to the next.The gene pool is the total of all the alleles in a population, in the context of gene frequencies. Neither dominance nor sexual reproduction will change allele frequencies.
The Hardy-Weinberg Law
This law states an equilibrium of allele frequencies in a gene pool (using a formula p2 + 2pq + q2) remains in effect in each succeeding generation of a sexually reproducing population if five conditions are met. 
1. No mutation: no allelic changes occur. 
2. No gene flow: migration of alleles into or out of the population does not occur. 

3. Random mating: individuals pair by chance and not according to their genotypes or phenotypes. 

4. No genetic drift: the population is large so changes in allele frequencies due to chance are insignificant. 

5. No selection: no selective force favors one genotype over another. 

These conditions of the Hardy-Weinberg law are rarely met, so allele frequencies in the gene pool of a population do change from one generation to the next, resulting in evolution. We can now consider that any change of allele frequencies in a gene pool indicates that evolution has occurred. The Hardy-Weinberg law proposes those factors that violate the conditions listed cause evolution. A Hardy-Weinberg equilibrium provides a baseline by which to judge whether evolution has occurred. Hardy-Weinberg equilibrium is a constancy of gene pool frequencies that remains across generations, and might best be found among stable populations with no natural selection or where selection is stabilizing. Microevolution is the accumulation of small changes in a gene pool over a relatively short period. 
 

	HE.6.B.3

Analyze the effects of mutations and the resulting variations within a population in terms of natural selection

 Mutation Rate

Gene mutations result in new alleles, and are the source of variation within populations. Gene mutations are ultimately behind the other mechanisms that provide variation. Due to DNA replication and DNA repair mechanisms, mutation rates of individual genes are low, but since each organism has many genes, and a population has many individuals, new mutations arise in populations all the time. Thus, mutations are relatively common, and the mutation rate is an adequate source of new alleles. High levels of molecular variation are common in natural populations, although many mutations (usually recessive) are hidden. 
The mutation rate varies greatly among species and even among genes of an individual. Mutations are caused by errors in DNA replication, chemicals, or radiation. Large scale effects of mutation result only when mutation is combined with other factors that reshuffle the gene pool.
Selection acts on individuals, not their individual genes. Sexual reproduction increases variation by reshuffling the genetic information from parents into new combinations in their offspring. Mutations produce new alleles. 
Additional Sources of Variation

Gene flow moves alleles among populations through interbreeding as well as by migration of breeding individuals. Gene flow increases variation within a population by introducing new alleles produced in another population. Continued gene flow tends to decrease the diversity among populations, causing gene pools to become similar. Reduction or restriction of gene flow between populations is essential for the development of new species.
The frequency of alleles can change from generation to generation as a result of chance alone in a small gene pool. This phenomenon is known as genetic drift.
Random mating involves individuals pairing by chance, not according to their genotypes or phenotypes. Nonrandom mating involves individuals inbreeding and assortative mating. Inbreeding is mating between relatives to a greater extent than by chance; inbreeding can occur if dispersal is so low that mates are likely to be related and does not change allele frequencies, but it does decrease the proportion of heterozygotes and increase the proportions of both homozygotes at all gene loci.
Assortative mating occurs when individuals tend to mate with those that have the same phenotype. Assortative mating divides a population into two phenotypic classes with reduced gene exchange.
Genetic drift is changes in allele frequencies of a gene pool due to chance or random events. This can occur in large or small populations. Genetic drift causes gene pools of two isolated populations to become dissimilar as some alleles are lost and other are fixed. 
Genetic drift occurs when founders (or colonizers) establish a new population, or after a genetic bottleneck and resultant interbreeding. The founder effect is a case of genetic drift in which rare alleles, or combinations of alleles, occur in higher frequency in a population isolated from the general population. Founding individuals contain a fraction of the total genetic diversity of original gene pool. The alleles carried by founders is determined by chance alone. Consider the Pilgrim colonists in New England. By no means did they represent all the genetic variation of the human species or even genetic variations among Europeans. 
When a population is started by one or a few individuals who randomly separate from a larger population, chance may dictate that allele frequencies in the new population may be very different from those of the original population. Many species on islands (such as the famous Darwin's finches on the Galápagos) display founder effects. The Galápagos Islands are volcanic islands off the coast of South America. They had fewer types of organisms than the South American mainland. The island species varied from the mainland species, and from island-to-island. Each island had a variation of tortoise that correlated with different vegetation and environmental conditions on that island. 
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Galapagos tortoises, note the difference in the height of the shell between the top and bottom images. Top image from Lycos, photo by Bill Everit; bottom image from http://home.capp.ch/marcel/Gal_Turt.htm.

Finches on the Galápagos Islands resembled a mainland finch but there were more types. Galápagos finch species varied by nesting site, beak size, and eating habits. One unusual finch used a twig or thorn to pry out insects, a job normally done by a woodpecker. The finches posed questions to Darwin: did they descend from one mainland ancestor, did islands allow isolated populations to evolve independently, and could present-day species have resulted from changes occurring in each isolated population. 
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Divergence of the Galapagos finches from ancestral colonizers from the South American mainland. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.
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Unidentified Galapagos finch.
Drastic short-term reductions of population size caused by natural disasters, disease, or predators may result in (by chance) the survivors representing only a small portion of the original gene pool. Even when the population increases to its original size, a portion of its original genetic diversity remains lost. This feature, termed a bottleneck, is a problem with many endangered species.
A bottleneck effect is genetic drift in which a severe reduction in population size results from natural disaster, predation, or habitat reduction. This results in a severe reduction of the total genetic diversity of the original gene pool. The cheetah bottleneck causes relative infertility because of the intense inbreeding. Similarly, the Hawaiian silversword has passed recently through its pwn bottleneck. Recent studies on humans suggest that there may have been one or more instances of severe genetic bottlenecks in our own prehistory. The bottleneck effect prevents most genotypes from participating in production of next generation.
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Hawaiian silverswords. Image from http://mano.icsd.hawaii.gov/dlnr/images/silversword.jpg.

Migration into or out of a population can breakdown genetic differences between populations. Mutations developing in one population may be spread to other populations by migration. This serves, like mutation, to introduce new alleles into populations.
Natural Selection

Not all members of a population necessarily have an equal chance of surviving and reproducing (due to competition for resources and mates). By virtue of small phenotypic variations, some individuals are better adapted to their environment than are others. The better adapted individuals are more "fit" and tend to survive and reproduce, passing on their adaptations to the next generation in greater frequency than those adaptations of the less "fit" members of the population.
Fitness is a measure of an individuals ability to survive and reproduce. Those with the highest fitness are more likely to survive and reproduce. Thus, they make a greater contribution to the gene pool, of the next generation than do those less "fit". 
Natural selection is the process of differential survival and reproduction that inevitably leads to changes in allele frequencies over time as those individuals who are the most "fit" survive and leave more offspring. There are three patterns, or types, of natural selection.


	HE.6.B.4

Illustrate mass extinction events using a time line

Geologic Time Line
Precambrian Time. Three Eons: Hadean, Archean, and Proterozoic.
Time
Geologic Development
Life Forms
Hadean Eon (Azoic)
4.5-3.9 billion years ago
The Earth forms as a solid planet.
No evidence of life yet known.
Archean Eon
3.9-2.5 billion years ago
The Earth's permanent crust is formed. Vast amounts of metallic minerals are deposited. The oceans and atmosphere result from volcanic outgassing.
The earliest life forms evolve in the seas. They are the prokaryotes—single-celled organisms with no nucleus—cyanobacteria (blue-green algae). The earliest bacteria obtain energy through chemosynthesis (ingestion of organic molecules).
Proterozoic Eon
2.5 billion years ago-540 million years ago
Plate tectonics slows to approximately the same rate as the present. Large mountain chains form as the continents collide. Quartz-rich sandstones, shales, and limestones are deposited over the continents. Oxygen levels increase as life on Earth develops the ability to obtain energy through photosynthesis.
Eukaryotes (single-celled organisms with a nucleus) evolve. These are more advanced forms of algae and a wide variety of protozoa. Eukaryotes can reproduce sexually, which makes genetic diversity possible, as well as the ability to adapt to and survive environmental changes. Multi-celled, soft-bodied marine organisms (metazoans) evolve.
Paleozoic Era (Ancient Life). Age of Invertebrates. Six periods: Cambrian, Ordovician,
Silurian, Devonian, Carboniferous, Permian 
Time
Geologic Development
Life Forms
Cambrian Period
540-490 million years ago
Sedimentary rocks (sandstone, shale, limestone, conglomerate) form in shallow seas over the continents. Multiple collisions of the Earth's plates give rise to a supercontinent called Gondwana. It incorporates South America, Africa, Antarctica, and Western Australia as well as peninsular India and parts of Arabia.
The global climate is generally mild.
Marine metazoans with mineralized skeletons, such as sponges, bryozoans, corals, brachiopods, molluscs, arthropods, and echinoderms, flourish. One group of arthropods, the trilobites, are particularly dominant in the seas.
Plant life is limited to marine algae.
The end of the Cambrian Period is marked by a huge decline in trilobite numbers, possibly due to a glacial incursion. 
Ordovician Period
490-443 million years ago
North America, Europe, and Africa merge. Shallow seas cover much of North America at the beginning of the period, then recede, leaving a thick layer of limestone. Later in the period, the seas recover North America, depositing quartz, sandstones, and more limestone.
Marine invertebrates are still the dominant form of life on Earth. Corals, crinoids, and clams evolve, as well as the first early vertebrates—primitive fish with bony armor plates.
Late in the Ordovician Period, mass extinctions of marine life occur, opening niches for benthic (bottom-dwelling) and planktonic (floating, swimming) organisms. 
Silurian Period
443-417 million years ago
The North American, European, and Asian land masses are situated on or near the equator. Gondwana sits in the south polar region. Shallow flooding of continental areas deposits sediments, and later withdrawal of ocean water leaves oxidized "red beds," and extensive salt deposits.
Life in seas is still dominated by invertebrates: corals, arthropods, and crinoids. Rapid evolution occurs among suspension feeders, and pelagic (open ocean) predators, such as nautiloids, become abundant. Fish evolve jaws. Late in the Silurian Period, the first sharks appear.
The earliest land plants are represented by leafless, vascular plants called psilophytes. 
Devonian Period
417-354 million years ago
Europe and North America merge, forming the northern part of the ancestral Appalachian mountain range. Europe and North America straddle the equator. Africa and South America are positioned over the South Pole.
The climate is generally warm and moist. 
Sometimes called the Age of Fish, this period is dominated by various forms of fish—armored fish, lungfish, and sharks. 



 HYPERLINK "http://www.sdnhm.org/fieldguide/fossils/ammonite.html" Ammonites evolve from nautiloids and become one of the dominant invertebrate forms.
As the ozone layer forms, the first air-breathing arthropods—spiders and mites—venture to land. Amphibians evolve.
Plant life, including lowland forests of giant psilophyta plants, develop and spread over the planet.
Carboniferous Period
354-290 million years ago
Two major land masses form: Laurasia (North America, Greenland, northern Europe, and Scandinavia) to the north of the equator, and Gondwana (South America, Africa, peninsular India, Australia, and Antarctica) to the south. Collisions between Laurasia and Gondwana form major mountain ranges. Coal-forming sediments are laid down in vast swamps.
Global climatic changes occur, changing from warm and wet to cooler and drier. The result is a long interval of glaciation. 
The diversification of fish from the Devonian Period continues in both marine and freshwater environments, though armored fish become extinct. Benthic (bottom-dwelling) marine communities include a variety of invertebrates: crinoids, blastoids, and brachiopods. The ammonites were common in open marine waters. 
Insects, such as cockroaches, flourish. The first reptiles evolve.
Land environments are dominated by plants—from small, shrubby growths to tall trees. Early club mosses, horsetails, forest trees (Cordaites), and ferns were common. 
Permian Period
290-248 million years ago
A single supercontinent, Pangaea, forms as Earth's landmasses collide and merge. Pangaea extends across all climatic zones and nearly from one pole to the other. This supercontinent is surrounded by an immense world ocean.
Extensive glaciation persists in what is now India, Australia, and Antarctica. Hot, dry conditions prevail elsewhere on Pangaea, and deserts become widespread.
Invertebrate marine life is rich and diverse at the beginning of the period. Toward the end of this period, mass extinctions occur among large groups of corals, bryozoans, and other invertebrates. The last of the trilobites becomes extinct.
On land, insects evolve into their modern forms; dragonflies and beetles appear.
Amphibians decline in number, but reptiles undergo a spectacular evolutionary development of carnivorous and herbivorous, terrestrial and aquatic forms. 
Ferns and conifers persist in the cooler air. 
Mesozoic Era (Middle Life). The age of Reptiles. 
Three periods: Triassic, Jurassic, and Cretaceous.
Time
Geologic Development
Life Forms
Triassic Period
248-206 million years ago
Pangaea covers nearly a quarter of the Earth's surface. The Triassic Period, unlike the previous periods, is marked by few significant geologic events. Towards the end of the Triassic Period, continental rifting begins to break apart the supercontinent.
The general climate is warm, becoming semiarid to arid.
Early dinosaurs evolve. Many are bipedal, fast, and relatively small. The largest Triassic dinosaurs are only 20-feet (6 meters) in length—small when compared to later Mesozoic forms.
Marine reptiles evolve, such as ichthyosaurs and plesiosaurs.
Ferns, cycads, ginkgoes, and conifers flourish.
Mass extinctions occur at the end of the Triassic Period, reducing some marine and terrestrial groups, such as the ammonites, therapsids, early reptiles, and primitive amphibians, by as much as 75 percent. 
Jurassic Period
206-144 million years ago
The Atlantic Ocean begins to form as North America separates from Africa and South America. Tectonic plate subduction along western North America causes the Earth's crust to fold, and mountains form in the western part of the continent.
Reptiles adapt to life in the sea, in the air, and on land. Dinosaurs are the dominant reptile on land. 
Archaeopteryx, the first bird, appears.
Early amphibians, extinct by the Late Triassic, are succeeded by the first frogs, toads, and salamanders.
Mammals are small, shrew-like animals.
Plant forms are dominated by the cycads and cycadeoides. Conifers and gingkoes are widespread. 
Cretaceous Period
144-65 million years ago

The continents, while not in their current positions on the Earth, are shaped much as they are today. South America and Africa separate, and the North Atlantic ocean widens. A circu-equatorial sea—Tethys—forms between the Northern and Southern Hemisphere continents. The westward movement of North America forms the ancestral Rocky Mountains and the ancestral Sierra Nevada. Sea levels rise, submerging about 30% of the Earth's present land surface.
The global climate is generally warm. The poles are free of ice. 
Dinosaurs and other large reptiles peak as the dominant vertebrate life form on Earth. Dinosaurs extend their range throughout every continent. Horned dinosaurs are common, as are armored ankylosaurs and spiky nodosaurs.
In the shallow seas, invertebrates live in great diversity. Ammonites are a dominant group. Gastropods, corals, sea urchins flourish.
The early flowering plants (angiosperms), modern trees, and many modern types of insects evolve.
Near the end of the Cretaceous Period, several mass extinctions occur, including the extinction of five major reptilian groups: dinosaurs, pterosaurs, ichthyosaurs, pleisosaurs, and mosasaurs. Extinctions also occur among ammonites, corals, and other invertebrates.
Cenozoic Era (Recent Life). Age of Mammals. Two periods: Tertiary and Quaternary. 
Tertiary Period: Paleocene, Eocene, Oligocene, Miocene, and Pliocene Epochs.
Time
Geologic Development
Life Forms
Paleocene Epoch
65-55 million years ago
During the Paleocene, the vast inland seas of the Cretaceous Period dry up, exposing large land areas in North America and Eurasia. Australia begins to separate from Antarctica, and Greenland splits from North America. A remnant Tethys Sea persists in the equatorial region.
Mammalian life diversifies, spreading into all major environments. Placental mammals eventually dominate the land, and many differentiated forms evolve, including early ungulates (hoofed animals), primates, rodents, and carnivores. 
Eocene Epoch
55-34 million years ago
Plate tectonics and volcanic activity form the Rockies in the western North America. Erosion fills basins, laying bauxite deposits in western North America. Continental collisions between India and Asia culminate in the Alpine-Himalayan mountain system. Antarctica and Australia separate and drift apart.
The climate is subtropical and moist throughout North America and Europe.
Early forms of horse, rhinoceros, camel, and other modern groups such as bats evolve in Europe and North America. Creodonts and ruminant ungulates, a strange carnivorous group, evolve.
Cetaceans—baleen whales, toothed whales, dolphins)—evolve from terrestrial meat-eating ungulates. Sirenians (dugongs and manatees) first evolve in the shallow Tethys Sea. 
Oligocene Epoch
34-24 million years ago
Tectonic plate movement is still very dynamic. Africa and Europe squeeze together, closing the Tethys Sea and leaving as a remnant the Mediterranean Sea. Volcanism and fragmentation of western North America is associated with the emplacement of major ore deposits.
The climate is generally temperate. Glaciation begins in Antarctica.

Representatives of modern mammals become the dominant vertebrate life form, including horses, pigs, true carnivores, rhinoceroses, elephants, and camels. Oreodonts diversify in North America. Early primates appear in North America, and early apes appear in Egypt. Many archaic mammals become extinct. 
The world's oceans teem with more diverse vertebrate life.
Grasslands expand, and forest regions diminish. 
Miocene Epoch
24-5 million years ago
Modern ocean currents are essentially established. A drop in sea level isolates and dries up the Mediterranean Sea, leaving evaporite deposits on its floor.

The climate is generally cooler than the Oligocene Epoch. A cold transantarctic ocean current isolates the waters around Antarctica, and the continent becomes permanently frozen. 
Mammal forms are essentially modern, and almost half of modern placental mammal families are present. The ancestor of mastodons first appear in North America.
Almost all the modern groups of whales are present, as well as the early seals and walruses.
Many modern birds—herons, rails, ducks, eagles, hawks, crows, sparrows—are present in Europe and Asia.
Higher primates undergo substantial evolution; and advanced primates, including apes, are present in southern Europe and Asia.
Carcharodon megalodon, the largest predaceous shark ever to have lived, inhabits the seas.
The coasts are submerged and kelp forests appear. On land, spreading grasslands replace forests over large areas on several continents. 
Pliocene Epoch
5-1.8 million years ago
The emergence of the Isthmus of Panama changes ocean circulation patterns, and leads to the formation of an Arctic ice cap. Plate tectonic interactions result in the uplift of the Sierra Nevada, formation of the Cascade Range, and onset of strike-slip faulting on the San Andreas Fault. Subduction of the Pacific plate elevates the Sierra Nevada and the volcanic Cascade Range. In Europe, the Alps continue to rise.
The global climates become cooler and drier. 
Camels and horses are abundant throughout North America. Ground sloths also appear. In general, Pliocene mammals are larger than those of earlier epochs.
Primates continue to evolve, and the australopithecines—antecedents to Homo sapiens—develop late in the Pliocene in Africa. 
In North America, rhinoceroses became extinct.
Quaternary Period: Pleistocene and Holocene Epochs
Time
Geologic Development
Life Forms
Pleistocene Epoch
1.8 million-10,000 years ago
This epoch is best known as the "Great Ice Age," when ice sheets and other glaciers encroach and retreat during four or five separate glacial periods. At its peak, as much as 30% of the Earth's surface is covered by glaciers, and parts of the northern oceans are frozen. The movement of the glaciers alters the landscape. Lakes, such as the Great Lakes in North America are formed by ice retreats.
The oldest species of Homo—Homo habilis—evolves. The flora and fauna in the regions not covered by ice were essentially the same as those of the earlier Pliocene epoch. Mammalian evolution includes the development of large forms: woolly mammoth, woolly rhinoceros, musk ox, moose, reindeer, elephant, mastodon, bison, and ground sloth.
In the Americas, large mammals, such as horses, camels, mammoths, mastodons, saber-toothed cats, and ground sloths, are entirely extinct by the end of this epoch.
(Recent fossil finds in San Diego County) 
Holocene Epoch
10,000 years ago to the present
The Holocene Epoch may be an interval between glacial incursions that were typical of the Pleistocene Epoch, and therefore, not a separate epoch in itself. However, it is a period marked by the presence and influence of Homo sapiens. During this time, the glaciers retreat, the climate warms, and deserts form in some areas.
Interactive Timeline:  http://www.bbc.co.uk/education/rocks/flash/indexfull.html


	HE.6.B.5

Evaluate evolution in terms of evidence as found in the following: 

· fossil record

· DNA analysis

· artificial selection

· morphology

· embryology
· viral evolution
· geographic distribution of related species
· antibiotic and pesticide resistance in various organisms 

Evolution is the theory that species descended from more ancient forms of life by structural and physiological modifications. If the theory is true, then the world we observe should contain evidence supporting the idea that species change. Let us examine the natural world to see if such evidence exists. 

Evidence from Fossils
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If today's species have come from more ancient forms, then we should be able to find remains of those species that no longer exist. Scientists have found such evidence in the form of fossils. Fossils--traces of once-living organisms-- are found most commo nly in layers of sedimentary rock. This type of rock begins to form when water and wind form layers of sand and silt. These and other decomposers are sealed off, preventing decomposition. After time the sedimentary layers become rock. 

The most common fossils found in sedimentary rocks are from the hard parts of organisms, including shells, bones, teeth, and woody stems. Sometimes minerals replace the original remains, often molecule by molecule. Such replacement preserv es the microscopic structure of the organism. 

Fossils can form in other ways. For instance, insect fossils have been found trapped in hardened resin. Such fossils show details as small as the insect's tiny leg hairs. In another instance, woolly mammoths that were frozen in Arctic ice have been dug up with their skin, bones, and muscles perfectly preserved. 

Fossils are not always the body parts of an organism. An imprint is a type of fossil in which a film of carbon remains after the other elements of an organism have decayed. A mold is a type of fossil in which an impression of the shape or track of an organism has survived. 

Dating Fossils

If scientists suggest that fossils are the remains of organisms that lived long ago, they should be able to prove it. Scientists have therefore developed ways to date, or determine the age of, fossils. 

The relative age of fossils is determined from their position in sedimentary rock. In undisturbed sedimentary rock the bottom layers are the oldest and the top layers are the youngest. Fossils found in the lower layers are older. Those found in the u pper layers are younger. Thus a fossil's position in sedimentary rock beds gives its age relative to other fossils. 

The absolute age of a fossil is determined by dating the fossil with radioactive isotopes. Radioactive isotopes have unstable nuclei that break down, or decay, and form other elements. These isotopes decay at a constant, known rate. The period of time it takes for one-half of the radioactive material to decay is called the half-life of the isotope. Remember that isotopes of an element differ in number of neutrons. Carbon-12, the most common and stable isotope of carbon, has 6 protons and 6 neutrons an d therefore has an atomic mass of 12. Carbon-14, an unstable, radioactive isotope of carbon has 6 protons and 8 neutrons and an atomic mass of 14. Carbon-14 decays to nitrogen-14. The half-life of carbon-14 is about 5,700 years. 

The ratio of carbon-14 to carbon-12 in the atmosphere is assumed to be constant over time. Organisms take up the two isotopes of carbon in about the same ratio that the isotopes are found in the atmosphere. Thus, when an organism dies, the ratio of c arbon-14 to carbon-12 in its remains will be the same as that in the atmosphere. As time goes by, the amount of carbon-14 will decrease as it changes into nitrogen-14. However, carbon-12 does not decay. By comparing the ratio of carbon-14 to carbon-12 in a fossil with the ratio of these isotopes in the atmosphere, scientists can date fossils that are up to 50,000 years old. 

Scientists use other radioactive isotopes, such as potassium-40, to date older fossils. Potassium-40 has a half-life of 1.28 billion years. Uranium-238 is another radioactive isotope with a long half-life that can be used to date older fos sils. Uranium-238 is used to determine the age of cores of silt taken from seabeds. 

The Fossil Record

By dating fossils and examining geologic strata, scientists have been able to put together a time scale for the history of life on earth. 

Fossil evidence indicates that over time organisms of increasing complexity appeared on the earth. Bacteria and blue-green bacteria are the first fossils that were preserved from the Precambrian era. During the beginning of the Paleozoic e ra, complex multicellular invertebrates dominated life in the oceans. By the end of the Paleozoic era, plants and animals has colonized the land surface of the earth. 

The fossil record contains many examples that could be interpreted to mean that species evolved from more ancient organisms. 

Geologic Time Scale
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Evidence from Living Organisms

By examining fossils and by determining their relative and absolute ages, scientists have collected evidence that supports the theory that species changed over time. Further evidence is derived from living organisms. In order to determine if species change scientists compare common ancestry, structure, biochemistry, and development of organisms alive today. As you read this section, study this evidence and critically evaluate whether it indicates that species may have arisen by descent and modification from ancestral species. 
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Evidence of Common Ancestry

If species change over time, then scientists should be able to cite examples showing that a group of living species may have come from a common ancestor. Let us examine one of many cases for which this seems to be true. Gracing the islands of Hawaii is a family of birds commonly called the Hawaiian honeycreepers. All Hawaiian honeycreepers have similarities in skeletal and muscle structure that indicate they are closely related. However, each of the Hawaiian honeycreeper species has a bill specialized for eating certain foods. Scientists suggest that all 23 honeycreeper species apparently arose from a single species that migrated to Hawaii. 

Homologous Structures

If a bat, a human, an alligator, and a penguin all evolved from a common ancestor, then they should share common anatomical traits. In fact, they do. Compare the forelimbs of the human, the bat, the penguin, and the alligator. Find the humerus, radius, ulna, and carpals in each forelimb. Though the limbs look strikingly different on the outside and though they vary in function, they are very similar in skeletal structure. More significantly, they are derived from the same structures in the embryo. Structures that are embryologically similar, but have different functions, are called homologous structures. Though these animals look different, a comparison of homologous structures indicates that they are quite similar. This suggests that these animals evolved from a common ancestor. 

[image: image234.jpg]


Vestigial Organs

Some organisms have structures or organs that seem to serve no useful function. For example, humans have a tailbone at the end of the spine that is of no apparent use. Some snakes have tiny pelvic bones and limb bones, and some cave-dwelling salamanders have eyes even though members of the species are completely blind. Such seemingly functionless parts are called vestigial organs or structures. Vestigial organs are often homologous to organs that are useful in other species. The vestigial tailbone in humans is homologous to the functional tail of other primates. Thus vestigial structures can be viewed as evidence for evolution: organisms having vestigial structures probably share a common ancestry with organisms in with organisms in which the homologous structure is functional. 

Biochemistry

Biochemistry also reveals similarities between organisms of different species. For example, the metabolism of vastly different organisms is based on the same complex biochemical compounds. The protein cytochrome c, essential for aerobic respiration, is one such universal compound. The universality of cytochrome c is evidence that all aerobic organisms probably descended from a common ancestor that used this compound for respiration. Certain blood proteins found in almost all organisms give additional evidence that these organisms descended form a common ancestor. Such biochemical compounds, including cytochrome c and blood proteins, are so complex it is unlikely that almost identical compounds would have evolved independently in widely different organisms. Further studies of cytochrome c in different species reveal variations in the amino acid sequence of this molecule. For example, the cytochrome c of monkeys and cows is more similar than the cytochrome c of monkeys and fish. Such similarities and differences suggest that monkeys and cows ate more closely related than are monkeys and fish. Scientists have similarly compared the biochemistry of universal blood proteins. Their studies reveal evidence of degrees of relatedness between different species. This evidence implies that some species share a more recent common ancestor than other species do. From such evidence scientists have inferred the evolutionary relationships between different species of organisms. 
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The similarities described above are not the only ones scientists have noticed among organisms of different species. The image to the left shows that embryos of certain species develop almost identically, especially in the early stages. Such physical similarities indicate that there are genetic similarities between the organisms. These similarities can be considered evidence that the organisms shown probably descended from a common ancestor. 

The similarities between living species-- in ancestry, in homologous and vestigial structures, in embryological development, and in biochemical compounds-- all could be explained as extremely remarkable coincidences. However, a far more probable explanation of these similarities is that species have arisen by descent and modification from more ancient forms. Additionally, the fossil record contributes compelling evidence that species have changed over time. The fossil evidence and evidence from living organisms strongly suggest that species evolve. 

Viruses, Vaccines, and Evolution of Influenza
Since viruses have such high mutation and reproductive rates, they can adapt to changing environments quite well. Indeed, since the only way they can reproduce is by infecting a cell they must be able to evolve faster the their hosts cells. If not, then the host cells would adapt/evolve to where a virus would no longer be able to infect. Cells change their surface receptors so viruses cannot attach;  the viruses change their surface proteins so they can attach to the changed cell surface receptors. The viruses must always stay ahead of the evolution game. They are very, very good at this. 

Viruses must always have their host around in order to reproduce. If the host becomes extinct then the hosts' viruses become extinct as well. So, it is advantageous for a virus to "cross-over" into a new host every now and then. We will cover this in a few more lectures. Another problem some viruses have is that they must have "fresh" hosts to infect. Since animals have fairly well developed immune systems that can remember and prevent subsequent infections, viruses need to get around this problem. If every animal has immunity then the virus is stranded and will not be able to reproduce. These viruses must have a steady supply of new victims. This means there must be critical minimum population density to maintain some viral infections. These types of infections are sometimes called "crowd or herd diseases". We will go over the history of these viruses in a few more lectures but for now lets take a look at how a couple of these have been eleminated (or close) in the human population. 

Lets take the diseases smallpox and polio. These viruses only infect humans, have no intermediary hosts, and they cannot survive for very long in the environment. If a person is infected and survives, they will have life-long immunity. So the viruses must always have fresh hosts to infect. In the past there has always been a steady supply of new victims (Children, step right up..!). But, with the discovery of vaccines it is possible to provide everyone with immunity before they get sick. This is what has happened with smallpox. Through a worldwide effort of vaccination and containment, the last naturally occurring case of smallpox was in Somalia in 1977 and it was declared eradicated by the World Heath Organization two years later in 1979. Polio was the next target. It was hoped that this would be eradicated by 2000 but the project is a little behind schedule. Maybe by 2002 or 03 it will follow smallpox out of the human population. Diseases that killed. maimed, and disfigured millions no longer exist! 

These viruses are DNA viruses and always relied on a minimum population density to provide new hosts to infect. Their environment was steady and they did not have to evolve or adapt very fast in order to reproduce. When we intervened with vaccinations they could not evolve fast enough to overcome our immune protection (our immune memory). Nobody pities the poor little viruses! May they R.I.P. (smallpox might not;  but more on that later) 

 Some viruses solve the host numbers problem by overcoming the animal's immune memory by changing or mutating into a slightly different virus that can infect the same host over and over. If a virus has a high mutation rate it can overcome our immune memory by changing its' surface proteins (Ag's) so the antibodies that are produced no longer attach. The RNA viruses are good at this. HIV that causes AIDS mutates so fast that the immune system never clears it from the body and every vaccine that has been developed has failed to prevent infection from this ever-mutating virus. After time the vaccines fail because the virus changes its' surface proteins where any antibodies produced no longer recognize the virus. It is like a "new" virus. With HIV this unfortunately results in a life-shortening infection. The RNA retroviuses like HIV have the highest mutation rates ever measured. 

The RNA viruses that do not go into latency (not retroviruses) have lower mutation rates (but higher than DNA viruses). A good example is the influenza virus. Every year there is a flu season in the Fall and Winter months. The influenza virus has two main surface proteins that allow the virus to infect. These are the "H" and "N" proteins. When we are infected (or vaccinated) with flu we develop memory antibodies against the "H" & "N" proteins. Thus, they are sometimes called the "H" & "N" antigens (Ag's). The antibodies produced will prevent subsequent infection if we are exposed to the same flu virus. However, as the flu virus travels around the world following the local flu season, it mutates. If the RNA that codes for either the "H" or "N" Ag mutates then the protein will be slightly different and those antibodies will no longer bind. Now, the chances of having both the "H" and "N" antigens mutate in a given year is really small. So, chances are that only one of them will change. When this happens and we are exposed to this mutated virus during next years flu season some of our antibodies will bind and some will not. Those that bind to the non-mutated protein will still give us some protection. Those antibodies against the mutated protein will no longer work. So, the infection will be mild but infect a lot of people. This process of gradual mutation from year to year is called antigenic drift and leads to yearly epidemics of flu. Every year the CDC determines how the flu virus has mutated and makes a new vaccine based on these new strains. So, every year we get a new flu shot. 

The flu virus has another way of overcoming our immune system. It can rearrange its RNA by mixing with other flu viruses to create hybrid viruses that have new "H" & "N" antigens in the same virus. These viruses are like completely "new" flu viruses because nobody has any antibody memory against them. They are particularly nasty and can infect a lot of people fast. These viruses cause pandemics of influenza. This only happens when the flu virus from two different species infect the same cell. Flu viruses tend to be species-specific. There are human, horse, pig, chicken, and duck flu viruses. Ordinarily they will not cross-infect. But, if a human is in close contact with one of these animals when the animal has their flu, sometimes the virus can infect the human lung. This is usually a very mild infection and is not spread to other humans. But if this human also has a human flu virus infection at the same time then the two viruses can be found replicating in the same cells at the same time.  This is not good! The viruses that come out of this cell have their RNA molecules rearranged and some of them might be mostly human influenza but with animal flu "H" & "N" Ag's on their surface. This is a big change, or antigenic shift in the virus. The chances of this happening is very remote. But over time it does happen (about every 16 years). 

So, the CDC monitors flu around the world looking for antigenic drift and shift. If a drift is detected they anticipate a nasty flu season and recommend the very young, very old, and people with weakened immune systems to be vaccinated. If a shift is detected they use drastic measures to prevent a pandemic. In 1976 they detected a shift from pigs into pig farmers. President Ford recommended that everyone in the United States be vaccinated against this swine flu. The pandemic never occurred. Was it due to a false alarm or did the massive vaccination campaign prevent rapid spread? We will never know for sure. More recently, in 1997, several young people in Hong Kong died of flu. it was determined that a shift crossover had occurred in the chickens. Every chicken in Hong Kong and southern China was killed to prevent the infection from becoming established in the human population. Again, no pandemic occurred. False alarm or effective defense? It is probably better to be safe than sorry. 

One of the worst pandemics of flu occurred in 1918. This has been called the Great Pandemic. It killed 20-40 million people worldwide including 500,000 in the US alone. It was one of the major factors in the end of W.W.I. More soldiers died of influenza in the Fall of 1918 that by bullets in the entire war (Hmmm.... biological weapons....).  Not much was known about how flu operates back then so nobody knows what exactly happened. But most of the people that died were young and healthy, not the usual elderly victims. So, it was probably a major genetic shift. Scientists are still trying to figure out what happened. They are looking for fresh frozen tissue samples from the corpses of 1918 flu victims. Where, you might ask? From Alaska or Norway where bodies may have been buried in permafrost! This makes excellent reading in a new book called "Flu : The Story of the Great Influenza Pandemic of 1918 and the Search for the Virus That Caused It" by Gina Kolata"

Biogeography: Separation and Divergence
Biogeography is the study of the distribution of plants and animals throughout the world. Distribution of organisms is explained by related forms evolving in one locale and spreading to other accessible areas. Darwin observed South America had no rabbits; he concluded rabbits originated elsewhere. Biogeography explains why many finch species are on the Galápagos Islands but not mainland.
Physical factors, such as the location of continents, determine where a population can spread. Cacti are restricted to North American deserts and euphorbia grow in African deserts. Marsupials arose when South America, Antarctica, and Australia were all joined; Australia separated before placental mammals arose, so only marsupials diversified in Australia.
Comparative Anatomy: Similarities Due to Common Ancestry
Organisms have anatomical similarities when they are closely related because of common descent, as substantiated by comparative anatomy. Homologous structures in different organisms are inherited from a common ancestor. Vertebrate forelimbs contain the same sets of bones organized in similar ways, despite their dissimilar functions. 
Vestigial structures are remains of a structure that was functional in some ancestor but is no longer functional in the organism in question. Most birds have well-developed wings, although some birds have reduced wings and do not fly. Humans have a tail bone (the coccyx) but no tail. The presence of vestigial structures is explained by the common descent hypothesis.
Embryological development reveals a unity of plan. During development, all vertebrates have a notochord and paired pharyngeal pouches. In fishes and amphibian larvae, the pouches become gills. In humans, first pair of pouches becomes a cavity of middle ear and auditory tube; second pair becomes tonsils, while third and fourth pairs become thymus and parathyroid glands. This makes sense only if fish are ancestral to other vertebrate groups.
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Steps in the evolution of jaws by modification of gill arches. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Biochemistry: Differences and Similarities
Almost all living organisms use the same basic biochemical molecules, including DNA, ATP, and many identical or nearly identical enzymes. Organisms utilize the same DNA triplet base code and the same 20 amino acids in their proteins. Many organisms share same introns and types of repeats, which is remarkable since we know of no obvious functional reason why these components need to be so similar. These similarities can be explained by descent from a common ancestor. This is substantiated by analysis of degree of similarity in amino acids for cytochrome c among organisms.
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Interpretation of results of biochemical study of cytochrome c among the eukaryotes. Images from Purves et al., Life: The Science of Biology, 4th Edition, by Sinauer Associates (www.sinauer.com) and WH Freeman (www.whfreeman.com), used with permission.

Artificial Selection
Long before Darwin and Wallace, farmers and breeders were using the idea of selection to cause major changes in the features of their plants and animals over the course of decades. Farmers and breeders allowed only the plants and animals with desirable characteristics to reproduce, causing the evolution of farm stock. This process is called artificial selection because people (instead of nature) select which organisms get to reproduce.
As shown below, farmers have cultivated numerous popular crops from the wild mustard, by artificially selecting for certain attributes.
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These common vegetables were cultivated from forms of wild mustard. This is evolution through artificial selection.

Artificial selection
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Artificial selection is the selective breeding carried out by humans to alter a population. It is a procedure often used in agriculture: artificial selection has been used to alter the number of eggs laid by hens, the meat properties of bullocks, and the milk yield of cows. 

With artificial selection experiments, evolution can be studied in the laboratory. In a typical experiment, a new generation is formed by allowing only a selected minority of the current generation to breed. The population will almost always respond: the average in the next generation will have moved in the selected direction. 

Artificial selection can produce dramatic change, if continued for long enough. A kind of artificial selection has generated almost all our agricultural crops and domestic pets, such as this labrador pictured opposite. 

Can artificial selection be used to create new species?

Bacteria acquire genes for resistance in three ways. 
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1. In spontaneous mutation, bacterial DNA may change spontaneously, as indicated by the starburst. Drug-resistant tuberculosis arises this way. 
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2. In a form of microbial sex called transformation, one bacterium may take up DNA from another. Penicillin-resistant gonorrhea results from transformation. 
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3. Most frightening, however, is resistance acquired from a small circle of DNA called a plasmid. Plasmids can flit between bacteria of various types -- they generally must be touching -- and carry multiple resistance. In 1968, 12,500 Guatemalans died in an epidemic of Shigella diarrhea, caused by a microbe harboring a plasmid that conferred resistances to four antibiotics! 

But bacteria do something much more clever than just mutating. That's chancy, so bacteria prefer to share biochemical secrets -- resistance genes -- that enable them to resist or destroy antibiotics. 

This diabolical bartering can occur in a couple of ways. 

1. Some bacteria share plasmids -- small chunks of DNA, like mini-chromosomes -- that exist outside the main chromosomes. This sharing can leap broad divisions in bacterial phylogeny. It's almost as if a cow could lend a crow a gene and teach it to grow teeth. 

2. Gene cassettes are genes that can be spliced in the chromosomes. While the mechanism is kind of complex, it can be compared to an expedition to a shopping mall, Davies says. Genes called integrons code for enzymes called integrases that can splice those cassettes into chromosomes or other genetic material where they become functional. That makes the integrons function something like a shopping cart, Davies says. 

If bacteria can obtain resistance merely by accepting gene cassettes, then, like shoppers in a video store who aren't sure if they've seen their first selection, bacteria can pick up several cassettes and obtain resistance to several antibiotics. Furthermore, says microbiologist Abigail Salyers of the University of Illinois, "Bacteria also integrate resistance to disinfectants or to pollutants in these clusters. Thus disinfectant use or pollution can select for antibiotic resistance, which could be exactly what Merri Moken was finding back at the start of our story. 

From the human point of view, the problem with this kind of resistance is its permanence. Once lodged inside the chromosome or plasmid, these resistance genes are distributed as normal genes to all daughter cells. "Origin and Interstate Spread..." gives a detailed picture of how a deadly bug that causes tuberculosis gained resistance to many antibiotics. 

Mechanisms 
So far, we've talked generally about resistance without painting a good picture of how it works. And here we're in for yet another surprise, yet more evidence of what might be called the microbial mind. It turns out that antibiotic resistance is part of a larger picture of the way microbes defend themselves against chemical threats in their environment. 
 

It seems that these defense mechanisms are strangely similar across many kinds of organisms -- and many threats. "The issue of resistance is converging from the human infectious disease and agricultural angles," says plant pathologist Jo Handelsman, "whether the microbe is trying to protect itself against antibiotics, fungicides, insecticides, herbicides, even antiviral agents." Handelsman, who studies the interaction of fungi and bacteria at the University of Wisconsin-Madison, points to more similarities. "At the molecular level, there are only a few mechanisms of resistance: change the target molecule, inactivate or decompose the drug or pesticide, sequester the drug or pesticide, or keep it out of the cell" to begin with. 

Let me see your sources 
All in all, it makes sense that microbes would have defenses. After all, during their billions of years on the planet, they've overcome countless chemical hazards. But what is the source of the antibiotic resistance genes in the first place? 

Probably the organisms that originally produced the antibiotics. 

While this might sound odd, it's logical. Assume that I, a lowly bacterium, make some kind of chemical that, say, destroys bacterial cell walls. Wouldn't I need some kind of chemical defense against what kids sometime call "my own medicine?" 

This supposition is not only logical, it may even be true, says Davies. "We find resistance genes in the streptomycetes (bacteria that produce many antibiotics) that have exactly the same biochemical function as the resistance genes" in samples from hospital patients. And since the gene sequences are similar -- but not identical -- it's tempting to think that the genes jumped between species, although Davies admits "we can't yet prove it." 

Jumping genes 
Salyers, who studies this process of gene jumping between species, says bacteria have many tricks for moving resistance genes. For one thing, they seem to be able to cause other bacteria to start genetic swap meets: When a DNA resistance plasmid released by a bacterium is accepted by another bacterium, the recipient may be stimulated to release its own plasmid, a process called retrotransfer. "This transfer capability gives bacteria the ability to sample DNA from other bacteria," Salyers says. To her, the relationship represents a new form of symbiosis. 

As if this prospect of bacteria ganging up to defeat antibiotics were not alarming enough, recognize that this generosity extends beyond members of their own species, Salyers says. "Just about any bacterium can get genes from just about any other bacterium." 

What is the evidence for this movement? Scientists are finding distantly related bacteria with resistance genes whose DNA sequences are 95 to 99 percent identical. Although it's extremely improbable by chance alone, it's a strong suggestion -- but not proof -- that the genes have a common origin. 

But don't forget that the bacterial anti-antibiotic toolkit also includes multiple mutations, which could explain what's happened in New York City, where a deadly drug-resistant tuberculosis has been on the rampage. 
Pesticide Resistance:
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It has the menacing sound of an Alfred Hitchcock movie: Millions of rats aren't even getting sick from pesticide doses that once killed them. In one county in England, these "super rats" have built up such resistance to certain toxins that they can consume five times as much poison as rats in other counties before dying. From insect larvae that keep munching on pesticide-laden cotton in the U.S. to head lice that won't wash out of children's hair, pests are slowly developing genetic shields that enable them to survive whatever poisons humans give them. 

Rachel Carson predicted such resistance in her groundbreaking book Silent Spring, published soon after the chemical insecticide glory days of the 1950s. And the problem is getting worse. Farmers in the U.S. lost about seven percent of their crops to pests in the 1940s. Since the 1980s, some 13 percent of crops are being lost -- and more pesticides are being used. 

It's a huge problem, but the pests are only following the rules of evolution: the best-adapted survive. Every time chemicals are sprayed on a lawn to kill weeds or ants for example, a few naturally resistant members of the targeted population survive and create a new generation of pests that are poison-resistant. That generation breeds another more-resistant generation; eventually, the pesticide may be rendered ineffective or even kill other wildlife or the very grass it was designed to protect. 

In many ways, human actions are hastening pests' evolution of resistance. Farmers spray higher doses of pesticide if the traditional dose doesn't kill, so genetic mechanisms that enable the pests to survive the stronger doses rapidly become widespread as the offspring of resistant individuals come to dominate the population. 

These days, farmers and backyard gardeners alike are trying to outsmart the pests by using a variety of natural methods. With "integrated pest management," scientists encourage the spread of natural enemies of pests, or they lure the pests with a meal that's even more tasty than the vulnerable crop. Pesticides are only used as a last resort if every other method fails. Integrated pest management has had some successes, but pesticides are still the world's most popular way to kill pests. Something to ponder the next time you can't seem to kill a cockroach.


	HE.6.B.6

Compare the processes of relative dating and radioactive dating to determine the age of fossils 

Methods of Age Dating

Time sets geology (and in many ways biology) apart from other sciences. While particle physicists discuss the decay of subatomic particles in miniscule fractions of a second, paleobiologists are discussing spans of time longer than recorded human history. Two types of geologic timeare relative time and absolute time. Relative time ioncvolves the placing of events into a sequence based on their relative positions in the geologic (or rock) record. Absolute time is the placing of a specific number of years (plus or minus a certain amount based on the accuracy od the equipment used in this analysis) on an event or rock sample. This ability was not developed until the early part of the 20th century. Most of the building of ourt framework of geologic time sprang from the application of relative dating techniques. 
Archbishop James Ussher of Ireland, in the late 1600's, calculated the age of the earth based on the geneologies from Adam and Eve listed in the biblical book of Genesis. According to Ussher's calculations, the Earth formed on October 22, 4004 B.C. These calculations were part of Ussher's book, History of the World. The chronology he developed was taken as factual, and was even printed in the front pages of bibles. Ussher's ideas were readily accepted, in part because they posed no threat to the social order of the times; comfortable ideas that would not upset the linked applecarts of church and state.
Often new ideas must "come out of left field", appearing as wild notions, but in many cases prompting investigation which may later reveal the "truth". Ussher's ideas were comfortable, the Bible was viewed as correct, therefore the Earth must be only 5000 years old.
Geologists had for some time doubted the "truth" of a 5,000 year old earth. Leonardo da Vinci (1452-1519; painter of the Last Supper, and the Mona Lisa, architect and engineer) calculated the sedimentation rates in the Po River of Italy. Da Vinci concluded it took 200,000 years to form some nearby rock deposits.
Niels Stensen (1638-1686), more widely known by his Latinized name of Nicholas Steno, made a series of observations about the nature of fossils and the rocks that contained them. Steno, along with his contemporaries John Ray and Robert Hooke, recognized "tongue stones" as the teeth from ancient sharks. Steno's Principle of Superposition states that in undisturbed strata the layer on the bottom is oldest. This is one of the founding principles of modern geology. Another of Steno's observations was that sedimentary particles tended to settle out of water as thin sheets or horizontal layers. Steno noted that sediment layers extended laterally in all direction until they thinned, pinched out or met the edge of the depositional basin.
James Hutton 1726-1797, a Scottish physician, intellectual, and farmer, is regarded as the father of modern geology. His investigations led to his development of the Theory of Uniformitarianism, the basis of modern geology and paleontology. According to Hutton's work, certain geological processes operated in the past in much the same fashion as they do today, with minor exceptions of rates, etc. Thus many geological structures and processes cannot be explained if the earth is only 5000 years old.
British geologist William Smith (1769-1839) recognized different strata (layers) had their own unique collections of fossils. He concluded that fossil assemblages succeed one another through time. This led to the process of correlation of rock strata, as well as evolution (change in life over time).
The 18th century French scientist Georges Louis de Buffon cooled iron balls he thought simulated the Earth, arriving at an age of at least 75,000 years. This date was well beyond Ussher's calculations!
In 1897, the prominent British physicist Lord Kelvin (given name William Thompson), attempted to experimentally determine the age of the Earth. Kelvin assumed that the Earth was originally molten and calculated a date of its formation based on cooling through conduction and radiation. He calculated the age of Earth as about 24-40 million years. This was wrong since his cooling experiment did not account for the internal heat generated by radioactive decay, unknown iwhen he did his calculations. 
French physicist Antoine Henri Becquerel (1852-1908) discovered radioactivity in 1896. He shared the 1903 Nobel Prize in Physics for this work, along with Pierre and Marie Curie. Later recognition of isotopic decay sequences is now used as a way to place numerical dates on rock samples. New Zealand physicist Ernest Rutherford (1871-1937), in 1903, suggested the use of radioactivity to determine the age of a rock. Rutherford also worked out the concept of half-life. 
Radioactive decay is the process where unstable nuclei are spontaneously transformed into another element. A half-life is the amount of time needed for one-half of a radioisotope to decay into its stable end (or daughter) product. By measuring the various isotopes in a sample, geologists can calculate the age of the specimen. Long-lived radioactive isotope pairs have half-lives in millions or billions of years. The U-Pb series isotopes are used to date ancient igneous intrusive rocks such as granite. Likewise, Rb-Sr isotope ratios can be applied to ancient rocks and meteorites. Fine-grained volcanic rocks, such as bentonite and basalt, are dated by the ratios of K-Ar.
There are several types of radioactive decay that are used in geology. Alpha radiation (sometimes known as an alpha particle) releases two protons and two neutrons (the alpha particle). This large, slow-moving particle is similar to the nucleus of a helium atom. Beta decay releases a fast-moving electron from a neutron in the nucleus. Electron capture occurs when a proton has captured an electron and becomes a neutron. 
The U-238 decay series illustrates the complexity of this concept. U-238 emits an alpha particle, becoming changed to thorium-234, which in turn emits a beta particle. The thorium is changed into protactinium-234, which later emits a beta particle, causing it to become uranium-234. Emission of an alpha particle from the U-234 forms thorium-230, which later on emits an alpha particle to become radium-226, which in turn emits an alpha particle to form radon-222, a gas. Radon-222 emits an alpha particle and becomes polonium-218, wich become lead-214 with the later emission of an alpha particle. Lead-214 emits a beta particle, becomming bismuth-214, which later on emits a beta particle to form polonium-214. The emission of an alpha particle converts polonium-214 into lead-210, this later emits a beta particle and becomes bismuth-210, which in its turn emits a beta particle to form polonium-210. The process stops when an alpha is emitted to form lead-206, which is stable. Whew! If we start with one pound of U-238, one half of the material will convert tp lead-206 in a mere 4.5 billion years!
The isotope pairs mentioned above allow us to date only the rock surrounding the fossil., not the fossil itself. Carbon-14 dating, developed by 1960 Nobel laureate Willard Frank Libby (1908-1980), is based on the ratio of C-14 to C-12 in an organic sample. This technique allows us to date the fossil itself. However, the technique is valid only for samples less than 70,000 years old. Living things take in both isotopes of carbon (carbon-12 and carbon-14). Carbon-14 is radioactive, and decays into nitrogen-14. As long as the organism was alive, the ratio of carbon-12 to carbon-14 was in equilibrium with its environment. When the organism dies, the "clock" starts as the carbon-14 decays, changing the ratio. The longer the time since death, the more the isotopic ratio will have changed. . 
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Some common isotope pairs and their half-lives. Image from http://pubs.usgs.gov/gip/fossils/numeric.html.

There are some sources for uncertainty with radiometric dates. The addition or subtraction of radioactive or daughter material after the formation of the sample may effect the date. Metamorphism and recrystallization may also effect the date accuracy. 
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Interpret a Cladogram
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Cladograms are a way to organize things by what they have in common. They are a tool scientists use to understand how things are similar and different. 

Follow the numbers to see how a cladogram of fruit works.
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Now see how to read a cladogram that shows the Tree of Life.
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