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· Advanced Biology Objectives – Exploring Life

· 1.1
Define Biology. (2)

· 1.2
Name the properties of life. (3)

· 1.3
Describe the following unifying themes that characterize the biological 
sciences: The Cell, Heritable Information, Energy and Life, Evolution, and Scientific Inquiry. (27)

· 1.4
Diagram the levels of biological organization. (4-5)

· Advanced Biology Objectives - Chemistry

· 2.1  
Distinguish between an element and a compound. (33)

· 2.2  
Identify the four elements that make up 96% of living matter. (33)

· 2.3  
Draw and label a model of an atom. Explain how this model simplifies our 
understanding of atomic structure. (34, Fig. 2.4)

· 2.4
Compare and contrast the following pairs of terms: (34-45)


a. neutron and proton

· 

b. proton and electron


c. atomic number and mass number


d. atomic mass and mass number

· 2.5 
Demonstrate how the atomic number and mass number of an atom can be used to determine the number of protons, neutrons and electrons for that atom. (34-35)

· 2.6
Compare (similarities) and contrast (differences) two isotopes of an element in terms of their atomic structure. (35)

· 2.7
Describe two biological applications that use radioactive isotopes. (35)

· 2.8
Explain why electrons in the first electron shell have less potential energy than electrons in higher electron shells. (36, Fig. 2.7)

· 2.9
Define valence electron and describe how the number of valence electrons affects an atom’s chemical properties. (37-38)

· 2.10
Draw structural formulas for simple molecules. (40)

· 2.11
Distinguish between nonpolar covalent and polar covalent bonds. (40)

· 2.12
Describe how ionic bonds form. (41)

· 2.13
Explain why weak bonds are essential in living organisms. (42)

· 2.14
Distinguish between hydrogen bonds and van der Waals interactions. (42)

· 2.15
Give an example that illustrates how a molecule’s shape can determine its 
biological function. (42-43)

· 2.16
Explain how carbon’s electron configuration accounts for its ability to form large, complex, and diverse organic molecules. (59-60)

· 2.17
Name the major functional groups found in organic molecules. Draw and build 
models of the
basic structure of each functional group and outline the 
chemical properties of that group. (64-65)
· Advanced Biology Objectives - Water

· 3.1
With the use of a diagram or diagrams, explain why water molecules are: (47-48)


a. polar


b. capable of hydrogen bonding with 4 neighboring water molecules 

· 3.2
List four characteristics of water that are emergent properties resulting from 
hydrogen bonding. (48)

· 3.3
Define cohesion and adhesion. Give examples of water’s properties of 
cohesion and adhesion. (48-49)

· 3.4
Define specific heat and describe why water has a high specific heat. (49, 50.2)

· 3.5
Explain what happens to the hydrogen bonds in water when water freezes. (Fig. 3.5)

· 3.6
Explain the following observations by referring to the properties of water: (48-50)

· 

·  Ocean temperatures fluctuate much less than air temperatures on 


land. 

· 

·  Water is able to hang together in the form of droplets.  

· 

·  Ice floats on water. 

· 3.7
Distinguish between a solute, a solvent, and a solution. (51)

· 3.8
Define hydrophilic and hydrophobic.  Explain why hydrophilic substances are 
attracted to water. (52)

· 3.9
Name the products of the dissociation of water and give their concentration in 
pure water. (53)

· 3.10
Define acid, base, and pH. (53-54)

· 3.11
Using the bicarbonate buffer system as an example, explain how buffers work. (55)

· Advanced Biology Objectives – Biochemistry

· 4.1  
List the four major classes of macromolecules. (68)

· 4.2  
Distinguish between monomers and polymers. (68)

· 4.3  
Draw diagrams to illustrate condensation and hydrolysis reactions. (Fig. 5.2)

· 4.4  
Distinguish between monosaccharides glucose and fructose; disaccharides 
sucrose and maltose; and polysaccharides glycogen, starch, and cellulose. (71-73)

· 4.5
Draw a diagram of the formation of a glycosidic linkage. (Fig. 5.5)

· 4.6
Distinguish between the glycosidic linkages found in starch and cellulose. 
Explain why the difference is important. (72, Fig. 5.8)

· 4.7
Describe and recognize the building-block molecules, structure, and biological 
role of fats, phospholipids, and steroids. (Fig. 5.11, 5.13, 5.15)

· 4.8
Distinguish between saturated and unsaturated fats. (75)

· 4.9
Name three common food products and describe how their state of matter relates to their lipid structure. (76)

· 4.10
Distinguish between a protein and a polypeptide. (78)

· 4.11
Explain how a peptide bond forms between two amino acids. (Fig. 5.18)

· 4.12
List and describe the four major components of an amino acid. (78)

· 4.13
Explain how amino acids may be grouped according to the chemical properties of the R group.  Identify an amino acid’s group by examining its R group. (Fig. 5.17)

· 4.14
Explain what determines protein conformation and why it is important. (84)

· 4.15
Name two types of secondary protein structure. Explain the role of hydrogen 
bonds in maintaining secondary structure. (82)

· 4.16
Explain how weak interactions and disulfide bridges contribute to tertiary protein structure. (83)

· 4.17
Describe the function of chaperonins in protein folding. (85)

· 4.18
List four conditions under which proteins may be denatured. (84-85)

· 4.19
List the components of a nucleotide, and describe how these monomers are linked to form a nucleic acid. (87)

· 4.20
Distinguish between: (87-88)


a. pyrimidine and purine


b. ribose and deoxyribose


c. 5’ end and 3’ end of a nucleotide

· 4.21
Describe the structure of ATP and identify the major class of macromolecules 
to which ATP belongs. (148)

· 4.22
Explain how ATP performs cellular work. (149)

· Advanced Biology Objectives - Enzymes and Metabolism

· 5.1 
Explain the role of catabolic and anabolic pathways in cellular metabolism. (142)

· 5.2
Distinguish between exergonic and endergonic reactions. (146)

· 5.3
Describe the function of enzymes in biological systems. (150)

· 5.4
Explain why an investment of activation energy is necessary to initiate a 
spontaneous reaction. (150-151)

· 5.5
Explain how enzyme structure determines enzyme specificity. (152, Fig. 8.16)

· 5.6
Explain the induced-fit model of enzyme function. (152, Fig. 8.16/8.17)

· 5.7
Describe the mechanisms by which enzymes lower activation energy. (152)

· 5.8
Explain how substrate concentration, temperature, pH, cofactors, and enzyme 
inhibitors can affect enzyme activity. (154-155)

· 5.9
Explain how metabolic pathways are regulated. (156-157)

· Advanced Biology Objectives – Cellular Respiration

· 6.1
Write the summary equation for cellular respiration (the specific chemical equation for the oxidation of glucose). (161)

· 6.2
Define oxidation and reduction and give an example equation. (161)

· 6.3
Describe the role of NAD+ in cellular respiration. (162-63)

· 6.4
In general terms, explain the role of the electron transport chain in cellular 
respiration. (163, Fig. 9.5)

· 6.5
Distinguish between substrate level phosphorylation and oxidative 
phosphorylation. (164-65)

· 6.6
Name the three stages of cellular respiration and state the region of the cell where each stage occurs. (164)

· 6.7
Describe how the carbon skeleton of glucose is broken down as it proceeds through glycolysis. (165)

· 6.8
Explain why ATP is required for the preparatory steps of glycolysis. (166)

· 6.9
Identify where the formation of ATP and the formation of NADH occur in glycolysis. (166-167)

· 6.10
Describe where pyruvate is oxidized to acetyl CoA and what molecules are 
produced. (168, Fig. 9.10)

· 6.11
List the products of the citric acid cycle. Explain why it is called a cycle. (168, 
Fig. 9.11)

· 6.12
In general terms, explain how the exergonic movement of electrons down the 
electron transport chain drives the endergonic production of ATP by 
chemiosmosis. (170-171)

· 6.13
Explain where and how the electron transport chain creates a proton gradient. (172)

· 6.14
Summarize the net ATP yield from the oxidation of a glucose molecule by constructing a table showing ATP produced during cellular respiration. (173, class)

· 6.15
State the basic function of fermentation. (174)

· 6.16
Compare the fate of pyruvate in alcohol fermentation and lactic acid fermentation. (175)

· 6.17
Describe how food molecules other than glucose can be oxidized to make ATP. 
(176-77)

· Advanced Biology Objectives – Photosynthesis

· 7.1
Draw the structure of a chloroplast and label all components. (Fig. 10.3)

· 7.2
Explain how the chloroplast is structured to maximize capture of the sun’s rays. (Fig. 10.3)

· 7.3
Write a summary equation for photosynthesis. (183)

· 7.4
Overview the two stages of photosynthesis in terms of what is consumed and 
what is produced.  State the location of these stages in the chloroplast.  (184-
185)

· 7.5
State the source of electrons that drive photosynthesis.  
State the source of Oxygen for the O2 released by photosynthesis. (184)

· 7.6
List the wavelengths of light that are most effective for photosynthesis. Compare this to the color of chloroplasts. (Fig. 10.7, 10.9)

· 7.7
Describe how light energy is transferred and used by the photosystem. (189, 
Fig. 10.12)

· 7.8
Trace the transfer of electrons in non-cyclic electron flow.  State when the 
transfer is endergonic (electrons gain energy) and when it is exergonic 
(electrons releasing energy). (190-191)

· 7.9
State the products of non-cyclic electron flow. (190-191)

· 7.10
Explain the purpose of cyclic electron flow. (191)

· 7.11
Explain how a proton (H+) gradient drives chemiosmosis.  Use the terms 
proton, ATP synthase, ADP, Pi, ATP, and phosphorylation. (192)

· 7.12
State what is consumed and what is produced by the Calvin Cycle. (Fig. 10.18)

· 7.13
State the function of each of the three phases of the Calvin cycle. (194-195)

· 7.14
Trace the three carbons from CO2 through three turns of the Calvin Cycle.  
Describe how glyceraldehyde–3–phosphate (G3P) is produced and how 
ribulose bisphosphate (RuBP) is regenerated. (notes)

· Advanced Biology Objectives – Membranes

· 8.1
Explain why membranes need a polar (hydrophobic region) and a non-polar 
(hydrophilic region). (125)
· 8.2
Explain how proteins are arranged in membranes. (Fig. 7.4)
· 8.3
Describe how phospholipids and proteins move in a membrane and two things 
that affect the fluidity of a membrane. (126, Fig. 7.5)
· 8.4
List six major functions of membrane proteins. (Fig. 7.9)
· 8.5
Describe the purpose of the membranes selective permeability.  (130)
· 8.6
Define diffusion. Describe the term concentration gradient. (130-131)
· 8.7
Distinguish between hypertonic, hypotonic, and isotonic solutions. (132)
· 8.8
Define osmosis and predict the direction of water movement based on 
differences in solute concentrations. (131-132)
· 8.9
Compare and contrast osmosis, facilitated diffusion, and active transport. (131-134)
· 8.10
Explain how an ion pump creates voltage across a membrane. (136)
· 8.11
Compare the three types of endocytosis in animal cells. (138)

· Advanced Biology Objectives – The Cell

· 9.1
Distinguish between prokaryotic and eukaryotic cells. (98, handout)
· 9.2
State the factors that limit the size of cells.  (99)
· 9.3
Explain the use of membranes in the interior of a cell. (Fig. 6.9, 100-101)
· 9.4
Describe the structure and function of the nuclear envelope, including the role 
of the pore complex. (102)

· 9.5
Briefly explain how the nucleus controls protein synthesis. (102)

· 9.6
Explain how the purpose of the nucleolus. (102)

· 9.7
Describe the structure and function of a eukaryotic ribosome. (102)

· 9.8
Compare the structure and functions of smooth and rough ER. (104)

· 9.9
Explain the role of the cis and trans sides of the Golgi apparatus. (106)

· 9.10
Describe the cisternal maturation model of Golgi function. (106)

· 9.11
Describe three examples of intracellular digestion by lysosomes. (107, Fig. 
6.14)


· 9.12
Name three different kinds of vacuoles, giving the function of each kind. 
(108)

· 9.13
Describe the evidence that mitochondria and chloroplasts are 
semiautonomous organelles. (109)

· 9.14
Explain the roles of peroxisomes in eukaryotic cells. (111)

· 9.15
Describe the functions of the cytoskeleton. (112)

· 9.16
Describe the function of the centrosome. (114)

· 9.17
Explain how the structure of cilia and flagella relates to their functions. (114-
115)

· 9.18
Describe the basic structure of a plant cell wall. (118)

· 9.19
Describe the structure and list four functions of the extracellular matrix in 
animal cells. (119)

· 9.20
Name the intercellular junctions found in plant and animal cells and list the 
function of each type of junction. (120-121, Fig. 6.32)
· Advanced Biology Objectives – The Cell Cycle

· 10.1
List the phases (G1, S, G2, M) of the cell cycle and describe the sequence of 
events that occurs during each phase. (221)

· 10.2
Describe how the genome is organized in prokaryotic and eukaryotic cells. 
(219) 

· 10.3
Describe chromosome duplication during the synthesis phase.  Use the terms 
chromosome, centromere and chromatids. (Fig. 12.4)
· 10.4
Draw a sketch of the phases of mitosis and describe the events characteristic 
of each phase. (222-223)
· 10.5
Recognize the phases of mitosis from diagrams and micrographs. (222-226, 
notes, lab)
· 10.6  
Draw and label the spindle apparatus and describe each part. (in animal 
cells). (224)


· 10.7
Compare cytokinesis in animals and plants. (226)
· 10.8
Describe the process of binary fission in bacteria and explain how eukaryotic 
mitosis may have evolved from binary fission. (226-227)
· 10.9
Describe the cell cycle control system. (229)
· 10.10
Explain the controls cancer cells lack that allow them to form tumors. (232)
· Advanced Biology Objectives – DNA Structure and Replication

· 11.1
Explain how the structure of DNA was determined. (296-297)

· 11.2
Describe the structure of DNA. Explain the base-pairing rule and describe its 
significance. (297-298)

· 11.3
Describe the role of the origins of replication and replication forks. (301)

· 11.4
Explain the role of DNA polymerases in replication. (301)

· 11.5
Distinguish between the leading strand and the lagging strand. (302)

· 11.6
Explain how the lagging strand is synthesized even though DNA polymerase can add nucleotides only to the 3’ end. Describe the significance of Okazaki fragments. (302)

· 11.7
Explain the roles of DNA ligase, primer, primase, helicase, topoisomerase, and 
single-strand binding proteins. (303)

· 11.8
Explain the roles of DNA polymerase, mismatch repair enzymes, and nuclease 
in DNA proofreading and repair. (305)

· Advanced Biology Objectives – Transcription and Translation

· 12.1

Explain how RNA differs from DNA. (311)

· 12.2

Briefly explain how information flows from gene to protein. (311)

· 12.3

In general terms, distinguish between transcription and translation and 


compare where they occur in prokaryotes and in eukaryotes. (311-12)

· 12.4

Define codon and explain the relationship between the sequence of 



codons on mRNA and the sequence of amino acids in a polypeptide. (312)

· 12.5

Explain the significance of the reading frame during translation. (314)

· 12.6

Describe the purpose of the promoter and the terminator. (315)

· 12.7

Explain the general process of transcription, including the three major steps 


of initiation, elongation, and termination. (Fig. 17.7, 316-317)

· 12.8

Explain how RNA is modified after transcription in eukaryotic cells, including 


alteration of the ends and splicing. (317-318)

· 12.9

Describe the structure and function of tRNA. (320, Fig. 17.13)

· 12.10

Describe the structure and functions of ribosomes. (322)

· 12.11 
         Describe the process of translation (including initiation, elongation, and 


         termination) and explain which enzymes, protein factors, and energy sources 


are needed for each stage. (323-325)

· 12.12

Describe the significance of polyribosomes. (324)

· 12.13

Explain what determines the primary structure of a protein and describe how 


a polypeptide must be modified before it becomes fully functional. (325)

· 12.14

Define point mutations. Distinguish between base-pair substitutions and base-


pair insertions.  Give examples of each and note the significance of such 


changes. (328)

· Advanced Biology Objectives – Gene Regulation

· 13.1
Describe the current model for chromatin (DNA) packing in eukaryotes. (361)

· 13.2
Describe when and where gene expression is generally controlled. (363, italics)

· 13.3
Define operon and describe how the lac operon functions. (355-356)

· 13.4
Distinguish between positive and negative control and give examples of each 
from the lac operon. (354-356)

· 13.5
Distinguish between proto-oncogenes and oncogenes. (371)

· 13.6
Explain how mutations in tumor-suppressor genes can contribute to cancer. 
(371)

· Advanced Biology Objectives – Viral and Bacterial Genetics

· 
Viruses

· 14.1
List and describe the structural components of viruses. (335-336)

· 14.2
Explain how a virus identifies its host cell. (337)

· 14.3
Distinguish between the lytic and lysogenic reproductive cycles. (337-38)

· 14.4
Describe the reproductive cycle of retroviruses. (340-41)

· 14.5
Describe viroids and prions. (345)

· 
Bacteria 

· 14.6
Describe the structure of bacterial cell walls. (534-35)  

· 14.7
Compare the processes of transformation, transduction, and conjugation. (348-349)

· 14.8
Define plasmid. (349)

· 14.9
Briefly describe two main strategies that cells use to control metabolism. (slides)

· Advanced Biology Objectives – DNA Biotechnology

·  
· 15.1
Describe a generalized process for isolating cellular components such as 


proteins or DNA. (notes)

· 15.2
State the purpose of PCR. (391)
· 15.3
Explain how gel electrophoresis is used to analyze nucleic acids according to 
their size and charge. (392-393)

· 15.4
Describe the natural function of restriction enzymes and explain how they are 
used in recombinant DNA technology. (notes)

· 15.5
Outline the procedures for cloning a eukaryotic gene in a bacterial plasmid. (notes)


· 15.6
Describe techniques that allow identification of recombinant cells that have 
taken up a gene of interest. (notes)

· 15.7
Explain the purpose of the human genome project. (notes)



15.8
Describe how DNA technology can have medical applications in such areas as 
the diagnosis of genetic disease, the development of gene therapy, vaccine production, and the development of pharmaceutical products. (notes)


· Advanced Biology Objectives – Meiosis – Chapter 13 

· 16.1
Explain in general terms how traits are transmitted from parents to offspring. (239)

· 16.2
Distinguish between asexual and sexual reproduction. (239)

· 16.3
Explain how haploid and diploid cells differ from each other.  State which cells 
in the human body are haploid. (240-41)

· 16.4
Distinguish among the three life-cycle patterns characteristic of eukaryotes, and name one organism that displays each pattern. (242)

· 16.5
List the phases of meiosis I and meiosis II and describe the events characteristic of each phase. (244-45)

· 16.6
Recognize the phases of meiosis from diagrams or micrographs. (244-45)

· 16.7
Describe the process of synapsis during prophase I and explain how genetic 
recombination occurs. (247)

· 16.8
Explain how independent assortment, crossing over, and random fertilization 
contribute to genetic variation in sexually reproducing organisms. (247-248)

· Advanced Biology Objectives – Chromosomal Inheritance

· 17.1
Explain why linked genes do not assort independently. (277-78)

· 17.2
Distinguish between parental and recombinant phenotypes. (278)

· 17.3
Describe the purpose of a linkage map. (279-281)

· 17.4
Describe how sex is genetically determined in humans and explain the significance of the SRY gene. (282-83)

· 17.5
Distinguish between linked genes and sex-linked genes. (277, 283)

· 17.6
Explain why sex-linked diseases are more common in human males. (283-284)

· 17.7
Describe the inheritance patterns and symptoms of color blindness, Duchenne 
muscular dystrophy, and hemophilia. (283-284)



· Advanced Biology Objectives – Inheritance Patterns

· 18.1
List and explain the four components of Mendel’s hypothesis that led him to 
deduce the law of segregation. (253-254)

· 18.2
Use a Punnett square to predict the results of a monohybrid cross, stating the 
phenotypic and genotypic ratios of the F2 generation. (class)

· 18.3
Use a Punnett square to predict the results of a dihybrid cross and state the 
phenotypic and genotypic ratios of the F2 generation. (class)

· 18.4
Calculate the probability that a particular F2 individual will be homozygous or 
heterozygous, recessive or dominant. (class)

· 18.5
Distinguish between the following pairs of terms: dominant and recessive; 
heterozygous and homozygous; genotype and phenotype. (class)  
· 18.6
Explain how a testcross can be used to determine if an individual with the 
dominant phenotype is homozygous or heterozygous. (256)

· 18.7
State Mendel’s law of independent assortment and describe how this law can 
be explained by the behavior of chromosomes during meiosis. (256-57)

· 18.8
Explain how phenotypic expression of the heterozygote differs with complete 
dominance, incomplete dominance, and codominance. (260)

· 18.9
Describe the inheritance of the ABO blood system and explain why the IA and 
IB alleles are said to be codominant. (262)

· 18.10
Define and give examples of pleiotropy, epistasis and polygenic inheritance. (262)
· 18.11
Given a simple family pedigree, deduce the genotypes for some of the family 
members. (265)

· 18.12
Describe the inheritance and expression of cystic fibrosis, Tay-Sachs disease, 
and sickle-cell disease. (266-268)

· 18.13
Define and give examples of multi-factorial disorders in humans. (268-69)

· Advanced Biology Objectives – The Basis of Evolution

· 19.1  
Explain the mechanism for evolutionary change (natural selection) proposed by Charles Darwin. (438)


· 19.2  
Define evolution and adaptation. (438)
· 19.3
Describe the two major components of Darwin’s Origin of Species. (443-45)

· 19.4
Describe the three inferences Darwin made from his observations that led him 
to propose natural selection as a mechanism for evolutionary change. (444)

· 19.5
Explain the major forms of evidence for evolutionary theory including: (448-51, class notes)

· The fossil record

· Homologous structures

· Genetics

· Biogeography

· 19.6
Distinguish between artificial selection and natural selection. (445)

· Advanced Biology Objectives – Evolution in Populations
· 20.1
Explain what is meant by microevolution (anagenesis). (454)



· 20.2
Define the terms population and gene pool. (455)



· 20.3
Describe the Hardy-Weinberg Theorem and list the five conditions that must be met for a population to remain in Hardy-Weinberg equilibrium. (456-58)



· 20.4
Use the Hardy-Weinberg equation to calculate allele frequencies. (handout)

· 
 


· 20.5
Name and describe the two major factors that bring about evolutionary 
change. (459-60)

· 20.6 
Describe the effect of population size on genetic drift. (460)
· 20.7
Distinguish between the bottleneck effect and the founder effect. (461-62)

· 20.8
Define relative fitness. (464-65)
· a. Explain why relative fitness is zero for a healthy, long-lived, sterile (unable to reproduce)
organism.

· b. Explain why relative fitness could be high for a short-lived organism.


· 20.9
List four reasons why natural selection cannot produce perfect organisms. (469-70)

· Advanced Biology Objectives – Speciation

· 21.1
Explain the meaning of macroevolution (cladogenesis). (472)



· 21.2
Describe the biological species concept and some of its limitations. (473)



· 21.3
Describe the five prezygotic isolating mechanisms and give an example of each. Describe one postzygotic isolating mechanisms and give an example. (474-75)



· 21.4
Distinguish between allopatric and sympatric speciation. (477-78)

· 21.5
Define adaptive radiation and describe the circumstances under which 
adaptive radiation may occur. (480)

· 21.6
Distinguish between gradualism and punctuated equilibrium. (482)

· 21.7
Explain in general terms how a complex structure can evolve by natural selection. (483)



· 21.8
Explain how slight genetic changes in genes controlling development may lead to major morphological (structural) differences in species. (484-85)

