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Short Description

Download Download Chapter 11: DNA and the Language of Life - Rebecca Waggett...



Description


Let’s celebrate with a Super Bowl Activity that you can use in your classroom to: *hook your students to study Molecular Genetics *encourage students to model protein folding and inheritance patterns



*include in your normal lectures



Goals: *Use a relevant case study approach as an incentive for students to perform the objectives listed below *Use a modeling activity to demonstrate concepts of protein folding and inheritance



Learning Objectives: •Description and model of how genes code for proteins •Description and examples of mutations •Description, model and case study of how a mutation can lead to changes in proteins •Distinction between genotype and phenotype •Case study of how phenotypic (physical) changes result from mutations •Distinction of homozygous and heterozygous •Review of the Principle of Independent Assortment and an example Punnet square •Analysis of how inherited diseases can be passed down from one generation to the next



Super Bowl Activity assists with lectures associated with:



1) Unit 6 – Molecular Genetics & Inheritance Patterns 2) Next Generation Sunshine State Standards •SC.912.L.16.2 Discuss observed inheritance patterns caused by various modes of inheritance, including dominant, recessive, codominant, sex-linked, polygenic, and multiple alleles. •SC.912.L.16.5 Explain the basic processes of transcription and translation, and how they result in the expression of genes. •SC.912.L.16.4 Explain how mutations in the DNA sequence may or may not result in phenotypic change. Explain how mutations in gametes may result in phenotypic changes in offspring. •HE.912.C.1.4 Analyze how heredity and family history can impact personal health



What do you find are the common problems with teaching these concepts?



What are the major roadblocks your students face in understanding these concepts?



Activity Includes: 1) Super Bowl Activity Kits – bag with strands, beads, & oxygen molecules 2) Color coded genetic code 3) Activity sheet – student version & instructor version Activity is split into 6 parts that could be done as an in class assignment at the end of explicit instruction of the concepts or parts of the activity can be performed after each concept is discussed in class. Activity could also be given as a take home assignment.



Part 1: Part 2: Part 3: Part 4: Part 5: Part 6:



Sickle Cell Disease Gene to Protein: Modeling Transcription and Translation Amino Acid Chemical Character Mutation & Dominance/Recessive Inheritance Patterns Heterozygous Advantage



The Super Bowl Activity can be incorporated into your own lectures: *I have included some powerpoint slides that could be used in a lecture format. *Parts in lecture where Activity could be performed are highlighted in yellow boxes.



Procedure: 1) Students can complete the Super Bowl activity sheet in groups of 4 2) Students can answer questions in groups on activity sheet or instructors can use whiteboards or clickers as a real time assessment for some questions 3) Activity can be done in parts as topics are introduced or as a review at the end of the presented topics 4) Activity could take 2 to 3 days depending on level of student knowledge



Super Bowl Activity Part 1: Sickle Cell Disease



http://en.wikipedia.org/wiki/File:Sicklecells.jpg



Sickle Cell Anemia



vs



Sickle Cell Trait



http://en.wikipedia.org/wiki/File:Sickle_cell_01.jpg



What is their problem? • • • •



Red Blood Cells are Sickled – Why? Abnormal hemoglobin protein What is role of hemoglobin? See next slide Some people have an altered (or mutated) form of hemoglobin that can’t perform its normal function of carrying oxygen • These people have a mutated copy of the DNA sequence used to make the protein hemoglobin • Let’s do an activity to demonstrate this!



Figure 17.23 – Campbell, Fig. 5.21



Super Bowl Activity Part 1: Sickle Cell Disease Perform Activity



http://www.google.com/imgres?q=hemoglobin+in+red+blood+cells&um=1&hl=en&sa=N&tbo=d& qscrl=1&rlz=1T4ADFA_enUS480US481&biw=1280&bih=845&tbm=isch&tbnid=otp8a0BNby7w0 M:&imgrefurl=http://wikis.lib.ncsu.edu/index.php/Group_10_Heartbreakers_(cardiac_muscle_cell s)&docid=sFSG_P0XIYyOM&imgurl=http://wikis.lib.ncsu.edu/images/d/d7/Hemoglobinpath.jpg&w=391&h=255&ei=34 oKUYXkKoza9ASns4DYCA&zoom=1&iact=hc&vpx=540&vpy=126&dur=157&hovh=181&hovw= 278&tx=135&ty=103&sig=116188097036407029182&page=1&tbnh=128&tbnw=197&start=0&nd sp=33&ved=1t:429,r:3,s:0,i:93



Example of a Power Point Lecture for Super Bowl Activity Parts Part 2: Gene to Protein: Modeling Transcription & Translation



Part 3: Amino Acid Chemical Character Part 4: Mutation & Dominance/Recessive



*Note – included in this sample power point lecture is a case study approach of using sickle cell anemia throughout the lecture to hook the student’s interest.



Enduring Understandings • DNA stores and transmits genetic information. • Genes are sets of instructions encoded in the structure of DNA. • Genetic information is passed from generation to generation by DNA in all organisms and accounts for similarities in related individuals. • Manipulation of DNA in organisms has led to commercial production of biological molecules on a large scale and genetically modified organisms.



Unit 6: Molecular Genetics DNA and the Language of Life          



What is the universal genetic code? Why do almost all organisms have the same genetic code? How does DNA replicate? How are proteins made from DNA? What is a mutation? When does a mutation result in a phenotypic change? What is cancer? What are some of the biological explanations for cancer? What is biotechnology and some of its uses? What are some of the impacts, positive and negative, of the use of biotechnology including societal, medical, and environmental?



Unit 6: Molecular Genetics



Day



Date



Essential Questions:  What is the universal genetic code?  Why do almost all organisms have the same genetic code? Standard: SC.912.L.16.9 organisms.



Bellwork: 1. What is DNA? 2. Why is it important?



Agenda: 1. Bellwork Due: Homework:



Explain how and why the genetic code is universal and is common to almost all



Ryan Williams has Sickle Cell Trait ……a genetic disorder. He is the safety on your favorite football team and he cannot play in Denver for the Super Bowl this year due to his genetic disorder. Why not?



There is something wrong with Ryan’s DNA  • What’s wrong??? • Lets learn about DNA first!



Standard: SC.912.L.16.9



Explain how and why the genetic code is universal and is common to almost all organisms.



6.1 Structure and Function of DNA Essential Questions:  What is the universal genetic code?  Why do almost all organisms have the same genetic code?



Why do we study DNA? • We study DNA for many reasons ▫ Central importance to all life ▫ Medical benefits such as cures for diseases  Like treatment/cure for Ryan!



▫ Engineer better food crops



Universal Genetic Code • All living organisms on this planet share a universal genetic code or DNA ▫ DNA is like a giant recipe book for genes ▫ Genes are simply recipes for proteins ▫ Everything about you is based on these proteins  “blueprint for life”



▫ Every single organism reads this “recipe” (DNA) in the same manner  This fact is among the strongest evidence for evolution!



DNA



!



Where is DNA located? • DNA • is in every cell in your body • is located in the cell nucleus • condenses into chromosomes



• What does DNA stand for? • Deoxyribonucleic Acid



Nucleic acids • Building block (monomer) = nucleotides nucleotide – nucleotide – nucleotide – nucleotide 



5 different nucleotides  



different nitrogen bases A, T, C, G, U sugar



phosphate



N base



Nitrogen bases I’m the A,T,C,G or U part!



Nucleotide chains



sugar



N base



sugar



N base



phosphate



• Nucleic acids ▫ nucleotides chained into a polymer • Sugar-phosphate "backbone" ▫ Nucleotides = joined by covalent bonds  connect sugar to phosphate  nitrogenous bases hang off backbone



phosphate



strong bonds sugar



N base



sugar



N base



phosphate



phosphate



Nitrogenous Bases • Nitrogenous bases make up the “rungs” of the ladder • Hydrogen bonds: weak bonds that hold the bases together



DNA • Double strand twists into a double helix ▫ weak bonds between nitrogen bases join the 2 strands



 A pairs with T  A :: T  C pairs with G  C :: G ▫ the two strands can separate when our cells need to make copies of it



weak bonds



Nucleotide Sequences • Nucleotides of a nucleic acid polymer can combine in many different sequences. ▫ nucleotides  DNA  genetic code:  9 nucleotide sequence variety  CTGCTATCG  TATTCGCTAC



or or



TTATCTAGC AGGCTCGAA…etc



• nucleotide chains also vary in length ▫ few hundred nucleotides to millions of nucleotides ▫ number of sequences is essentially unlimited!



Complementary Base Pairing • The sequence of nucleotides along template strand can vary in countless ways • Bases on the complementary strand of the double helix are determined by the sequence of the bases on the template strand.



Complementary Base Pairing • The sequence of nucleotides along template strand can vary in countless ways • Bases on the complementary strand of the double helix are determined by the sequence of the bases on the template strand.



• 3’-CTCAGAATCGT-5’ 5’-GAGTCTTAGCA-3’



Now try writing Write this down the Template complementary Strand down sequence below.



Directionality of DNA • Anti-parallel strands • Nucleotides in DNA backbone are bonded from phosphate to sugar between 3 & 5 carbons



5



3



3



5



▫ DNA molecule has “direction” ▫ complementary strand runs in opposite direction ▫ 5’ phosphate ▫ 3’ sugar



Have we figured out what is wrong with Ryan’s DNA yet? Not Yet!



Quiz Questions for Tomorrow… 1. What is the monomer for DNA? Describe its structure. 2. Which bases are complementary? 3. What is meant when we say that DNA is the “Universal Genetic Code”? ▫ Write these down!



Have you figured out what’s wrong with my DNA yet?!



Super Bowl Activity Part 2: Gene to Protein: Modeling Transcription & Translation



SC.912.L.16.5 Explain the basic processes of transcription and translation, and how they result in the expression of genes.



6.3 Gene to Protein Reading DNA: Transcription & Translation



Essential Questions:  How are proteins made from DNA?



Bodies  Cells  DNA  Bodies are made up of cells  All cells run on a set of instructions spelled out in DNA



DNA  Cells  Bodies  How does DNA code for cells & bodies? 



how are cells and bodies made from the instructions in DNA



DNA  Proteins  Cells  Bodies  DNA has the information to build proteins 



genes



proteins cells



bodies



DNA gets all the glory, Proteins do all the work



How do proteins do all the work? • Proteins ▫ proteins run living organisms ▫ enzymes  control all chemical reactions in living organisms



▫ structure  all living organisms are built out of proteins A protein that Ryan’s body needs to carry oxygen, doesn’t work! What does that have to do with my DNA???



Cell organization • DNA ▫ DNA is in the nucleus  genes = instructions for making proteins



▫ want to keep it there = protected  “locked in the vault”



cytoplasm



nucleus



Cell organization



aa aa



• Proteins



aa



▫ chains of amino acids ▫ made by a “protein factory” in cytoplasm ▫ protein factory = ribosome cytoplasm



aa aa aa



aa aa aa aa build proteins



nucleus ribosome



aa



Passing on DNA information • Need to get DNA gene information from nucleus to cytoplasm ▫ need a copy of DNA ▫ messenger RNA



aa aa aa aa aa



aa cytoplasm



aa aa aa build proteins



mRNA nucleus ribosome



Transcription: DNA to RNA  DNA is HUGE!  Codes for many genes and thus many proteins  Only one protein needs to be made



 Make a copy of those instructions (gene) only  Less to carry



 RNA is a copy of the gene or instructions to make a protein



aa aa



From nucleus to cytoplasm



aa aa aa aa aa



transcription



DNA



mRNA



aa aa



protein aa translation



trait nucleus



cytoplasm



DNA vs. RNA DNA • deoxyribose sugar • nitrogen bases ▫ G, C, A, T ▫ T:A ▫ C:G



• double stranded • contains ALL genes



RNA • ribose sugar • nitrogen bases ▫ G, C, A, U ▫ U:A ▫ C:G



• single stranded • copy of ONE gene



SC.912.L.16.5 Explain the basic processes of transcription and translation, and how they result in the expression of genes.



6.3 Gene to Protein Transcription: DNA  mRNA



Essential Questions:  How are proteins made from DNA?



Transcription • Making mRNA from DNA • DNA strand is the template (pattern) ▫ match bases  U:A  G:C



• Enzyme ▫ RNA polymerase



Matching bases of DNA & RNA • Double stranded DNA unzips



T G G T A C A G C T A G T C A T CG T A C CG T



Matching bases of DNA & RNA • Double stranded DNA unzips



T G G T A C A G C T A G T C A T CG T A C CG T



Matching bases of DNA & RNA G



A C



U A



G



• Match RNA bases to DNA bases on one of the DNA strands



G



U



U



C A



AG



C



G



A U



A



C



A C C



RNA polymerase



A



U



G



T G G T A C A G C T A G T C A T CG T A C CG T



U C



Matching bases of DNA & RNA



aa



• U instead of T is matched to A



aa aa



DNA



TACGCACATTTACGTACGCGG aa aa



aa



mRNA



AUGCGUGUAAAUGCAUGCGCC aa aa aa aa ribosome



A C C A U G U C G A U C A G U A G C A U G G C A



cytoplasm



aa aa aa aa aa aa



proteinaa



aa



aa aa



nucleus



ribosome



A C C A U G U C G A U C A G U A G C A U G G C A



trait



SC.912.L.16.5 Explain the basic processes of transcription and translation, and how they result in the expression of genes.



6.3 Gene to Protein Translation: mRNA  Protein



Essential Questions:  How are proteins made from DNA?



How does mRNA code for proteins • mRNA leaves nucleus • mRNA goes to ribosomes in cytoplasm • Proteins built from instructions on mRNA



How? mRNA A C C A U G U C G A U C A GU A GC A U G GC A



aa



aa



aa



aa



aa



aa



aa



aa



How does mRNA code for proteins? TACGCACATTTACGTACGCGG DNA mRNA



ribosome



AUGCGUGUAAAUGCAUGCGCC



? protein



aa



Met Arg Val Asn Ala Cys Ala aa



aa



aa



aa



aa



aa



How can you code for 20 amino acids with only 4 DNA bases (A,U,G,C)?



aa



mRNA codes for proteins in triplets DNA



TACGCACATTTACGTACGCGG codon



mRNA



AUGCGUGUAAAUGCAUGCGCCribosome AUGCGUGUAAAUGCAUGCGCC



?



protein



Met Arg Val Asn Ala Cys Ala  Codon = block of 3 mRNA bases



The mRNA code



• For ALL life!



▫ strongest support for a common origin for all life



• Code has duplicates ▫ several codons for each amino acid ▫ mutation insurance!



 Start codon  



AUG methionine



 Stop codons 



UGA, UAA, UAG



How are the codons matched to amino acids? DNA



TACGCACATTTACGTACGCGG



mRNA



AUGCGUGUAAAUGCAUGCGCC UAC



tRNA amino acid



Met



codon



GCA



Arg



CAU



What do you anti-codon notice about these triplets?



Val



 Anti-codon = block of 3 tRNA bases



mRNA to protein = Translation • The working instructions  mRNA • The reader  ribosome • The transporter  transfer RNA (tRNA) ribosome mRNA A C C A U G U C G A U C A GU A GC A U G GC A U GG tRNA



aa aa



aa



U A C tRNA



aa



A G tRNA



aa



C U AG tRNA



aa



From gene to protein aa aa



transcription



DNA



aa



translation



protein aa



mRNA



aa aa aa



ribosome



A C CA U GU C G A U C A GU A GC A U GGC A



nucleus



tRNA cytoplasm aa



trait



aa



cytoplasm



aa



protein



aa aa



aa



transcription



translation



aa aa



aa aa aa



aa



nucleus



trait



Click to play!



From gene to protein



protein



transcription



translation



Bell Quiz Questions for Tomorrow… 1. What is the result of Transcription? Of translation? 2. What is a codon? 3. What is the job of tRNA? ▫



Write these down!



Let’s play some Codon Bingo! Next comes the “A” column on top Start with the “C” row on the left



Practice: Lets find the amino acid for the mRNA codon CAU



Last is the “U” row on the right



Unit 6: Molecular Genetics Day



Date



Essential Questions:  What is a mutation?  When does a mutation result in a phenotypic change? Standard: SC.912.L.16.4



Explain how mutations in the DNA sequence may or may not result in phenotypic change. Explain how mutations in gametes may result in phenotypic changes in offspring.



Bell Quiz: 1. What is the result of Transcription? Of translation? 2. What is a codon? 3. What is the job of tRNA? Agenda: 1. Bell Quiz 2. Lecture: 6.4 Mutations Due: Homework:



SC.912.L.16.4



Explain how mutations in the DNA sequence may or may not result in phenotypic change. Explain how mutations in gametes may result in phenotypic changes in offspring.



6.4 Mutations Essential Questions:



 What is a mutation?  When does a mutation result in a phenotypic change?



Mutations



It’s all coming together guys!



• Changes to DNA are called mutations ▫ ▫ ▫ ▫



change the DNA changes the mRNA may change protein may change trait



DNA TACGCACATTTACGTACG



mRNA



protein



trait



AUGCGUGUAAAUGCAUGC



aa aa aa aa aa aa aa



Types of mutations • Changes to the letters (A,C,T,G bases) in the DNA ▫ point mutation  change to ONE letter (base) in the DNA  may cause change to protein, may not



▫ frameshift mutation  addition of a new letter (base) in the DNA sequence  deletion of a letter (base) in the DNA  both of these shift the DNA so it changes how the codons are read  big changes to protein!



Point Mutations • One base change ▫ can change the meaning of the whole protein



THEFATCATANDTHEREDRATRAN THEFATCARANDTHEREDRATRAN OR



THEFATCATENDTHEREDRATRAN



Does this change the sentence? A LITTLE!



Point Mutations • Missense mutation = changes amino acid



AUGCGUGUAUACGCAUGCGAGUGA MetArgValTyrAlaCysGluStop AUGCGUGUAUACGUAUGCGAGUGA MetArgValTyrValCysGluStop



Does this change the protein? DEPENDS…



Sickle cell anemia • Hemoglobin protein in red blood cells ▫ strikes 1 out of 400 African Americans ▫ limits activity, painful & may die young Normal round cells



Misshapen sickle cells



Only 1 out of 146 amino acids



Point Mutations • Silent mutation = no change to protein



AUGCGUGUAUACGCAUGCGAGUGA MetArgValTyrAlaCysGluStop AUGCGUGUAUACGCUUGCGAGUGA MetArgValTyrAlaCysGluStop



The code Does this has change the protein? repeats in it! Why not?



Point Mutations • Nonsense mutation = change to STOP



AUGCGUGUAUACGCAUGCGAGUGA MetArgValTyrAlaCysGluStop Really destroyed that protein!



AUGCGUGUAUAAGCAUGCGAGUGA MetArgValStop



Frameshift Mutations • Add or delete one or more bases ▫ changes the meaning of the whole protein



THEFATCATANDTHEREDRATRAN Delete Add one! one!



Does this change the sentence? A LOT!



THEFATCANTANDTHEREDRATRAN OR THEFATCAANDTHEREDRATRAN



Frameshift Mutations • Addition = add one or more bases



AUGCGUGUAUACGCAUGCGAGUGA MetArgValTyrAlaCysGluStop AUGCGUGUAUACGUCAUGCGAGUGA MetArgValTyrValMetArgValA



Does this change the protein? A LOT!



Frameshift Mutations • Deletion = lose one or more bases



AUGCGUGUAUACGCAUGCGAGUGA MetArgValTyrAlaCysGluStop AUGCGUGUAUACGAUGCGAGUGA MetArgValTyrAspAlaSerGA



Does this change the protein? A LOT!



Bell Quiz Questions • What is a mutation? Why can it be bad? • What are the 2 kinds of mutations? Which one is worse and why? • What is wrong with Ryan’s DNA?



Transcription, Translation, & Mutation Activity Super Bowl Activity Part 2: Gene to Protein: Modeling Transcription & Translation Perform Activity



Super Bowl Activity Part 3: Amino Acid Chemical Character



http://www.google.com/imgres?q=hemoglobin+in+red+blood+cells&um=1&hl=en&sa=N&tbo=d& qscrl=1&rlz=1T4ADFA_enUS480US481&biw=1280&bih=845&tbm=isch&tbnid=Mq0kzuAMKhndd M:&imgrefurl=http://www.sigmaaldrich.com/life-science/metabolomics/enzyme-explorer/learningcenter/plasma-blood-protein/hemoglobin-heme-products.html&docid=7z30fgPdGaWrM&imgurl=http://www.sigmaaldrich.com/content/dam/sigma-aldrich/lifescience/biochemicals/migrationbiochemicals1/Hemo_Banner.jpg&w=600&h=221&ei=34oKUYXk Koza9ASns4DYCA&zoom=1&iact=hc&vpx=732&vpy=22&dur=407&hovh=136&hovw=370&tx=17 4&ty=83&sig=116188097036407029182&page=1&tbnh=119&tbnw=256&start=0&ndsp=33&ved =1t:429,r:4,s:0,i:96



Modeling Protein Folding & Structure



Super Bowl Activity Part 3: Amino Acid Chemical Character Perform Activity



Super Bowl Activity Part 4: Mutation & Dominance/Recessive



Autosomal Dominant Inheritance • Dominant gene located on 1 of the autosomes • Letters used are upper case i.e., BB or Bb • Affected individuals have to carry at least 1 dominant gene (heterozygous or homozygous) • Passed onto males and females • Every person affected must have at least 1 parent with the trait • Does not skip generations • E.g., Huntington’s disease, Marfan syndrome



Autosomal Recessive Inheritance • The recessive gene is located on 1 of the autosomes • Letters used are lower case i.e., bb • Unaffected parents (heterozygous) can produce affected offspring (if they get both recessive genes i.e., homozygous) • Inherited by both males and females • Can skip generations • If both parents have the trait then all offspring will also have the trait. The parents are both homozygous. • E.g., cystic fibrosis, sickle cell anaemia, thalassemia



Genotype How the genes code for a specific trait. If the trait is dominant it uses a capital letter  Example – Tall (T)



If the trait is recessive it uses the same letter but lower case  Example – short (t)



Genotypes always have two letters – one for dad and one for mom



Types of genotype • Purebred (homozygous) dominant – the genes only have the dominant trait in its code. ▫ Example – Dominant Tall -- TT



• Purebred (homozygous) recessive – the genes only have the recessive trait in its code. ▫ Example – Recessive short – tt



• Hybrid (heterozygous) – the genes are mixed code for that trait. ▫ Example – hybrid Tall -- Tt



Genotype versus phenotype



vs



So what? Who cares? Human disorders and Mendelian inheritance • Recessively inherited disorders ▫ Usually defective versions of normal alleles    



Often codes for a malfunctioning protein Phenotypes only expressed in homozygotes Heterozygotes act as carriers Examples: cystic fibrosis (Chl transport channels) & sickle-cell disease (hemoglobin)



What is dominance? • Continuum from complete dominance to codominance Complete Dominance



Incomplete Dominance



Codominance



A dominant



Aa intermediate Phenotype between AA & aa



Aa both alleles equally expressed in phenotype



AA, Aa same phenotype



Codominance • • • •



Heterozygous different from either homozygous Both alleles affect the phenotype separately Expresses both dominant & recessive alleles AB blood group locus ▫ Surface polysaccharides on red blood cells.



Sickle-cell as an example of Co-dominance • Affects 1 in 400 • single amino acid substitution in Hb • Environment affects expression of the trait ▫ abnormal Hb molecules clump together ▫ 1 in 10 are carriers for the trait  two alleles are codominant



▫ High incidence of carriers= heterozygous advantage



Activity Reviewing Concepts of Mutation & Dominant/Recessive alleles Super Bowl Activity Part 4: Mutation & Dominance/Recessive Perform Activity



Let’s look at the sickle cell anemia example and how exactly that gene is passed on to the next generation. Super Bowl Activity Part 5: Inheritance



http://www.cdc.gov/ncbddd/sicklecell/traits.html



Activity Reviewing Concepts of Inheritance Patterns Super Bowl Activity Part 5: Inheritance Perform Activity



Sickle cell anemia and Malaria – depends on environ.



Super Bowl Activity Part 6: Heterozygous advantage



Although Sickle Cell Anemia is a relatively rare condition (about one in four thousand Americans have some form of the disease), its significant impact on the African American community and its life-threatening consequences have made it one of the better-known genetic disorders. Approximately 80,000 (or about one in 400) African Americans have some form of Sickle Cell Disease,



Perform Activity



Recessive s allele -US ~ 5% sickle cell anemia (anemia is a condition caused by a subnormal level of hemoglobin or red blood cells) that, in turn, can lead to chronic fatigue and decreased resistance to infection.



SS No sickle cell anemia But, die from malaria



Fig. 23.10



Ss Some sickle cell anemia, Survive malaria



ss Survive malaria, But Die from Sickle cell anemia



Brainstorm How might you use the activity kit in other ways and for other concepts?



Can you think of ways to enhance the activity with different modeling activities or extensions?
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