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I. Review of Evolution


A. Start with the questions and cards


B. How to teach evolution?

II. Activity with monogenetic traits have them do worksheet first

A. Have someone stand and everyone that has the first trait of that person stand.



1. Then they sit down as each trait is called and if they don’t have it. 

III. Genetics is the study of transmission of traits from one generation to the next.


A. Gregor Mendel is the father of genetics. His observations made while studying 



hybridization patterns in pea plants led him to postulate how traits are 



transmitted; these observations are now the foundation of genetics.  (overhead)


1.Mendel traced the inheritance of seven characteristics in peas noting which 




forms were dominant over other forms (called recessive forms - see below).




a. Plant height: tall dominant over short.


b. Seed color: yellow dominant over green.




c. Seed form: round dominant over wrinkled.




d. Flower position: axial dominant over terminal.




e. Flower color: purple dominant over white.




f. Pod form: inflated dominant over constricted.




g. Pod color: green dominant over yellow.

 

2. Mendel’s laws and principles are as follows:




a. The transmitted factors from generation to generation occur in pairs, one





factor in the pair is from the maternal parent and one factor is from the 





paternal parent.





i. Mendel’s factors are now called genes. 




b. The Principle of Dominance and Recessiveness states that the dominant  





factor masks the affect of the recessive factor.  For example, the tall 





characteristic masks the affect of the short characteristic in pea plants. 





The following terms have been coined since Mendel’s time based on this 





work.





i. We now call each alternative form of a gene that produces a specific 






characteristic, an allele.




ii. The genotype of an organism is the genetic make-up of that organism 






and is represented by letters (e.g., TT or Tt).  Note that genotypes for 






diploid organisms always possess 2 alleles for each gene and therefore 






the genotype is represented with 2 letters.  Capital letters are given for 






dominant traits (e.g., tall=T) and small letters are given for recessive 






traits (e.g., short = t).





iii. The phenotype of an organism is the observable trait or outward 






appearance of an organism and is represented by descriptive words 






(e.g., tall or short).

iv. When both copies of the alleles are the same, the organism is 


homozygous for that gene (e.g., TT or tt). 

v. When both copies of the alleles are different, then the organism is 


heterozygous for that gene (e.g., Tt).




c. The Law of Segregation states that in sexual reproduction only one factor 





from each pair of factors is passed on to the next generation. 





i. We now know this occurs through the process of meiosis (see above).





ii. One gamete will receive a ‘T’ allele and another gamete will receive a 






‘t’ allele if the parental genotype is Tt. (overhead)



d. The Law of Independent Assortment states that traits are independent of 





each other and therefore separate randomly. 





i. We now know that traits carried on separate chromosomes separate 






independently of each other during meiosis. This is not the case if the 






traits are on the same chromosome, traits carried on the same 






chromosome are called linked genes.


B. Expected outcomes of many traits can be predicted using Punnett squares. Punnett 



squares integrate rules of probability, and Mendel’s laws to predict 



possible outcomes for offspring genotypes and phenotypes from specific parental 



genotypes ((overhead)). 


C. Many phenotypes cannot be explained by the simple inheritance of single or 



multiple unlinked genes.  



1. Some pairs of alleles do not exhibit a fully dominant or a fully recessive 




phenotype, rather the heterozygote shows a phenotype that is a blend of the 




two.  This is known as incomplete dominance. (overhead)



a. For example, a pure red-flowered snapdragon (RR) crossed with a pure 





white-flowered snapdragon (rr) results in pink-flowered offspring (Rr). 



2. Some genes have multiple alleles (defined as 3 or more alleles for a trait) and 




the interaction between each of these alleles may differ.




a. For example, blood type in humans is coded for by multiple alleles and the 





combinations of these alleles interact differently.





i. The three alleles are IA (or A), IB (or B), and i (or O). Alleles A and B 






are
dominant over i (AA or Ai genotype give A type blood while BB 






or Bi genotypes give B type blood). Two i’s phenotype is type O 






blood. But the A and B alleles together are codominant (the 






heterozygote gives type AB blood).  Codominance results in both 






alleles equally contributing to the phenotype ((overhead)).  



3. Some phenotypes are the result of many genes (polygenic inheritance) that 




may all contribute to a biochemical pathway yielding one phenotypic result.  




Individuals of one species may have different combinations of these genes and 




therefore many phenotypes are possible. Quantitative traits


a. For example, human hair color is polygenic. Phenotypes range from





blonde to black with many possible shades in between. 



4. Other phenotypes are the result of epistasis, where one gene modifies the 




phenotype of another gene or group of genes.




a. For example, the genes for melanin production in skin and hair color of 





mammals include the gene for albinism. This is a recessive trait that 





codes for a protein that blocks production of any pigment.  When 





expressed (genotype aa), an animal produces no pigment whatsoever 





despite what the other genes code for in terms of color.



5. Pleiotropy is when one gene has multiple effects giving rise to several 




phenotypes.  




a. For example, the recessive human genetic disease cystic fibrosis (CF) is the 





result of expression of abnormal alleles for a membrane protein coded for 





by one gene.  However, when the recessive trait is expressed, it affects 





many processes and results in many problems including lung, kidney and 





connective tissue defects.  (=Multiple affects from one gene.) 


 D. It is hard to study humans? Why? Give examples of reasons. (overhead)


1. We often use pedigrees to study human traits and how they may have been 




passed along. (show overhead with symbols and how to read)



2. Twin studies are also done especially to determine whether phenotypes are 




entirely based on genotype or if environment has a role in it. Minnesota Twin 




study is largest study and longest running. 


D. The Chromosome Theory states that genes are located on a chromosome and each 



chromosome is composed of a number of genes. The physical location of a gene



on a chromosome is the locus for that gene.  Genes carried on the same 



chromosome are said to be linked.


1. Variation of genetic combination occurs in two ways:




a. Random sorting of chromosomes occurring in meiosis. Chromosomes do 





not line up the same way each time in metaphase, it is random.




b. Crossover occurring during synapsis shuffles linked genes (see meiosis).



2. Non-disjunction is an error in meiosis that results in unequal separation of 




chromosomes.  Gametes end up with one more or one less chromosome than a 




normal gamete.




a. A common example of non-disjunction occurs in humans resulting in a 





trisomy (carrying three of the same chromosome) of the 21st chromosome 





(trisomy 21).  The result of this extra chromosome is Down’s Syndrome. 


E. The sex of an organism is determined by the combination of sex chromosomes.  In 



mammals, there are two types of sex chromosomes, the X and the Y 



chromosomes.  It is the presence or absence of a Y chromosome that 



determines sex. A normal male is XY (the heterogametic sex) and a normal 



female is XX( the homogametic sex), therefore it is the male parent that 



determines the sex of the offspring each generation.



1. Traits that are linked to the X chromosome are X-linked traits (sometimes 




referred to as sex-linked traits). 




a. Thomas Hunt Morgan worked with fruit flies (Drosophila). His observation 





and careful subsequent experiments of a white-eyed mutant male fruit fly 





was the first set of experiments to definitively prove that traits are linked 





to chromosomes. (overhead) (if time describe below)





i. The white-eyed male produced normal red-eyed daughters and sons. 





ii. In the next generation mating of brothers and sisters to each other 






produced half white-eyed males and half red-eyed males and all red-






eyed females.





iii. Mating the white-eyed males obtained in the last generation to their 






aunts produced half white-eyed males and half red-eyed males and half 






white-eyed and half red-eyed females.  





iv. Morgan concluded that the gene for eye color was on the X 






chromosome. Therefore, because males only have one X chromosome 






they either have red eyes (normal) or they have white eyes (mutant) 






but females which have two X chromosomes are red eyed normal






(homozygous), red-eyed carriers (heterozygous) or white-eyed (both 






X’s have the white-eyed allele).




b. In humans there are two common X-linked traits, colorblindness and 





hemophilia (a bleeding disease). These occur much more frequently in 





males than in females. (overhead)


2.  In mammals, although females have two X-chromosomes only one is active in 




a cell at a time. The other X is inactivated and condenses so that it is visible as 




a dark mass under the microscope. Because the inactive X is visible, Murray 




Barr was able to pick them out and now the inactive X is often called a Barr 




body.




a. Which X is inactivated is random and varies from cell to cell. Therefore 





female mammals (including humans) are mosaics.  An example of a 





mosaic is found in calico cats.  The coat color genes in cats are found on 





the X chromosomes. In one patch of cells, the X carrying the black allele 





may be inactive and the patch is orange while in another patch of cells, the 





X carrying the orange allele is inactive and the patch is black. 



3.  Non-disjunction also occurs with the sex chromosomes giving rise to fewer or 




more sex chromosomes than normal. There are several syndromes caused by 




this in humans. (overhead)


a. Turner syndrome, XO is the result of having only one X chromosome. The 




individual is a female that never develops secondary sex characteristics.



b. Klinefelter syndrome, XXY results in a male who is sterile with an 




increased incidence of mental deficiencies.  XYY males often have below 




average intelligence and above average height. 

III. Deoxyribonucleic acid (DNA) is the molecule that encodes life and is what carries 


all of the information for genetic inheritance.


A. DNA is composed of an alternating 5-carbon sugar (deoxyribose) and phosphate 



backbone with nitrogen bases attached to the sugars.



1. The nitrogen bases are divided into two types based on their molecular 




structure. The purines are adenine (A), and guanine (G) and the pyrimidines 



are cytosine ©, and thymine (T). (overhead)

B. ONLY IF TIME (otherwise skip to C) The following section outlines the historical 



account of discovery that led to the structural model for the DNA molecule 



proposed by Watson and Crick in 1953.



1. In the 1920’s Fredrick Griffith performed a set of experiments trying to design 




a vaccine for Streptococcus pneumoniae (a bacteria that causes pneumonia). 




The experiments are outlined below. (overhead)



a. First, Griffith injected mice with a live strain of encapsulated bacteria (S 





strain) and they died of pneumonia.




b. Second, he injected mice with a live strain of non-encapsulated bacteria (R 





strain) and the mice survived.




c. Third, he injected mice with a heat killed S strain and the mice survived.




d. Finally, he injected mice with a mixture of heat killed S strain and living R 





strain and the mice contracted pneumonia and died.  This was not an 





expected result.

 



i. Griffith concluded that “something” transformed the living R strain of 






bacteria into a living S strain of bacteria.



2. In 1944, Oswald Avery, Colin MacLeod and Maclyn McCarty performed an 




experiment to determine the identity of the transforming agent in Griffith’s 




experiment.




a. Again using encapsulated bacteria (S strain) and non-encapsulated bacteria 





(R strain) they isolated each component of the S strain bacteria that had 





been heat killed and mixed it with living R strain bacteria. The only 





substance that transformed the R strain to an S strain was DNA, therefore 





they concluded that  DNA was the transforming agent.




b. Some scientists were not convinced entirely that DNA was the 





transforming agent and therefore the hereditary material for all organisms.



3. In 1952, Alfred Hershey and Martha Chase demonstrated unequivocally that 




DNA is the hereditary material by performing the following experiments. 




(overhead)



a. They used bacteriophage, which are viruses that invade and infect 





bacteria causing the infected cells to turn into virus factories (i.e., 





transform them).  These bacteriophage are composed of two main parts, a 





protein coat surrounding a coil of nucleic acid (DNA). (overhead)



b. Hershey and Chase first labeled the protein coat with radioactive sulfur 





(S35). They traced the radioactivity of the bacteriophage as it infected a 





bacteria culture. They found the labeled S35 in the protein coat on the 





outside of the bacteria cells and not inside.




c. They repeated this experiment but instead labeled the bacteriophage DNA 





with radioactive phosphorus (P32). They traced the radioactivity of the 





bacteriophage as it infected the bacteria culture and found the (P32) labeled 





DNA inside the bacteria cell.




d. Hershey and Chase concluded that bacteriophage DNA was the 





transforming agent and therefore must carry the genetic information that is 





passed on from generation to generation.



4. Erwin Chargaff’s work (1940’s) was equally important in contributing 




knowledge that was ultimately used in the structural model of DNA. His rules, 




known as Chargaff’s rules, were formed from his observations of nucleic acid 




content of many different organisms and cell types.  He found the following.




a. All organisms of the same species have the same amount of DNA but not 





all species have the same amount of DNA.




b. All body cells within an organism have the same amount of DNA.




c. The molar content of adenine bases always equals the molar content of 





thymine bases and the molar content of guanine bases always equals the 





molar content of cytosine bases. 





 i. Therefore, A is complimentary to T and vice-versa, and G is 






complimentary to C and vice versa. 



5. The X-ray diffraction work performed by Maurice Wilkins and Rosalind 




Franklin on crystals of DNA was the final piece needed to complete the 




structural model of DNA.




a. These X-ray analyses showed that DNA was a double-stranded helix and 





furthermore it provided a way to determine molecular dimensions.


C. In 1953, James Watson and Francis Crick used all of the above information and 



constructed a structural model of a DNA molecule that has proven to be correct 



(see overhead).



1. DNA is double stranded with the backbone of each strand alternating between 




phosphates and sugars.




a.  The backbones of each side of the double helix run in opposite directions in 





an antiparallel arrangement.



2. The nitrogen bases are in the middle, bonding together with hydrogen bonds 




and forming structures that look like rungs of a ladder.




a. There are two hydrogen bonds between each adenine-thymine pair.




b. There are three hydrogen bonds between each guanine-cytosine pair.


D.  During cell division (see above) the DNA must be copied or duplicated.  The 



process of DNA duplication is called replication.  DNA replication is a semi-



conservative process, meaning that one strand of each new DNA double helix is 



from the original parental molecule and one strand is newly synthesized from free 



nucleotides.  The replication process follows a series of steps as follows. 



1. Step 1: Each strand of the DNA double helix is unwound (or separated)




with the help of enzymes called helicases.  Topisomerase (also an enzyme) 




aids in uncoiling the DNA strand.



2. Step 2: The parental strands are now exposed as templates and small RNA 




primers are used as starting points for free nucleotides to join with 




their complimentary base. The synthesis of the new DNA strands on the old 




template strands are aided by an enzyme known as DNA polymerase.



3. Step 3: Both strands of the old DNA have new strands synthesized at the same 




time.  This is problematic because the strands are antiparallel and new 




nucleotides can be joined only in one direction (5’ to 3’). Therefore one new 




strand is continuously synthesized (called the leading strand) and the opposite 




strand (the lagging strand) is discontinuously synthesized as small 5’ to 3’ 




fragments known as Okazaki fragments. 




a. The Okazaki fragments are then ligated (joined) together by an enzyme 





known as DNA ligase.



4. Step 4: The process continues until two new duplicate molecules of DNA are 




formed each with one strand from the original parental DNA and each with a 




newly synthesized strand.



5. Polymerase chain reaction (PCR) is a version of DNA replication. (See 




overhead)




a. taq is the polymerase that is used because it can handle high heats. It is the 




polymerase found in thermos aquaticus an archae microbe. 


E. Ribonucleic acid (RNA) is the second common type of nucleic acid. 



1. RNA is composed of sugar (5-carbon ribose), phosphate and nitrogen bases.




a. RNA has three of the same nitrogen bases found in DNA (A, G, and C) but 





thymine is replaced by another pyrimidine, uracil (U), which also is 





complimentary to A.





2. RNA is single stranded although it can base pair with itself to form folded 




structures.



3. There are a variety of types of RNAs.




a. Messenger RNA (mRNA) transfers the hereditary code from DNA, located 





in the nucleus (in eukaryotes) to the ribosomes, located in the cytoplasm 





where it is translated into proteins (see below).




b. Ribosomal RNA (rRNA) which is the most abundant of the RNAs and is a 





component of ribosomes.




c. Transfer RNA (tRNA) is used to transport amino acids to their correct 





location during translation.




d. A fourth type of RNA found in cells is known as small nuclear RNA.





i.  Small nuclear RNAs associate with proteins to form small nuclear 






ribonuclear proteins or SNURPs.  





ii.  SNURPs function in cutting and splicing pieces of RNA together in 






cells after they are produced.


F. The synthesis of RNA is called transcription and involves using DNA as template.



1. Step 1: DNA unwinds but unlike in replication, only the portion of the DNA to 




be transcribed is unwound.




a.  Transcribed regions usually correspond to genes and transcription is under 





tight control brought about by proteins called transcription factors.



2. Step 2: RNA polymerase (a complex of protein) binds to a promoter region and 




then moves down the DNA reading the sequence as it goes joining free 




complimentary ribonucleotides one base at a time.




a. The promoter region of a gene not only binds RNA polymerase but also 





other transcription factors that can turn on or off transcription of the gene 





that follows (see below for explanation).



3. Step 3: A termination sequence in DNA signals the RNA polymerase to stop 




the process of transcription at the end of a gene.  The RNA polymerase then 




falls off the DNA template and the newly synthesized RNA is released. 



4. In eukaryotes, mRNA molecules undergo three further processing steps in the 




nucleus before they enter the cytoplasm.  This is necessary because genes 




encoding protein information are often split into segments or domains 




separated by regions of DNA that do not specifically code for parts 




of the protein (use to be called junk DNA).  Also, the mRNA must be 




recognized by the cell in order for it to be carried to the ribosomes.




a. The non-coding regions within genes (known as introns) are spliced out, 





and the protein coding regions (known as exons) are joined together.  




b. A 5’ methyl cap is added allowing the cell to recognize the RNA 





specifically as an mRNA.




c. Another signal on the mRNA occurs through the addition of 50 to 200 





adenines at the 3’ end known as the Poly A tail.


G. The synthesis of proteins from an mRNA template at the ribosome is known as 



translation (see overhead).  This process occurs in three distinct stages known 



as initiation, elongation and termination.



1. Initiation: The small ribosomal subunit binds to the beginning of a mRNA 




strand. The start codon (AUG) is reached and a tRNA brings a methionine 



amino acid to the P (peptidyl) site and the large subunit also binds to the 




mRNA and the small subunit.




a. Ribosomes are composed of many proteins and rRNAs and are made in 





two parts, a small subunit and a large subunit. This is true for both 





eukaryotic cells and prokaryotic cells. 




b. A codon consists of three non-overlapping bases on mRNA that code for an 





amino acid. There are 20 naturally occurring amino acids that are used as 





building blocks of proteins. (Overhead)




i. There are 64 possible combinations for 3 base sequences.  Therefore 






many amino acids are coded for by more than one codon. There is also 






a start codon (AUG) that codes for the amino acid methionine and 






three stop codons (UAA, UAG, and UGA) that end translation. This 






code is universal (The Universal Genetic Code) for all organisms with 






very few exceptions.




c. Each tRNA molecule has a unique anticodon, which is the compliment of 





the codon that identifies which specific amino acid they carry.  The role of 





tRNA is to transport these amino acids from the cytoplasm to the ribosome 





for incorporation in the correct sequence in the mRNA sequence.  Each 





tRNA anticodon bonds with the corresponding mRNA codon and the 





correct amino acid then is incorporated (see Figure 4.5). 



2. Elongation:  Following initiation, the A (aminoacyl) site next to the P site on 




the ribosome is free to bind the next tRNA that has the correct anticodon. 




The ribosome moves down three nucleotides and frees up the A site so 




that a new tRNA can bind.  As this occurs the enzyme peptidyl transferase 




aids in the formation of a peptide bond between the two amino acids to 




form a growing polypeptide chain. The tRNA that was in the P site now 




moves to the E (elongation) site and is released.  Now the A site is again free 




to bind another tRNA and the process continues.



3. Termination: When the ribosome’s A site reaches a stop codon, special 




enzymes come in and “cut” the final polypeptide chain (protein) and release it 




so that it can be further processed and can function in the cell.




a.  Proteins released from the ribosome following translation are often 





modified biochemically or structurally before they become functional.  





Such modifications are called post-translational modifications.





i.  Examples of post-translational modifications include; cleavage of small 






segments, phosphorylation (addition of one or more phosphate 






groups), methylation (addition of methyl groups), or binding with 






cofactors or coenzymes.


H.  The Central Dogma of molecular biology was coined by Francis Crick and states 



that the flow of genetic information is from DNA, which is transcribed into RNA, 



which is translated into protein. DNA is also responsible for replicating itself. 



(overhead)

I.  There are many genes in every organism and it is important to realize that not all 



genes are turned on at all times. Many genes are regulated (turned on or off) and 



regulation can occur at any of the steps that lead from DNA to proteins, in other 



words during transcription, translation or in post translational modifications of 



proteins. 

