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Course Description 
The science section of Upward Bound will focus on understanding the topics revolving around and linking 
the concepts of molecular biology, genetics, culture and human evolution. Through lectures and labs we 
will explore how deoxyribonucleic acid (DNA) decides virtually everything about what we look like, how 
we function as an organism, how we will act within our society as individuals and how society governs us 
as large groups. We will explore how DNA makes us unique as physical individuals through group 
workshops, practical laboratory experiments and readings from the pedigreed literature. The way our DNA 
influences culture and behavior will be investigated through an exploration of readings from Richard 
Dawkins book The Selfish Gene, thought experiements and an evaluation of temporal biogeography and 
biological evolution and how it relates to the modification of discreet cultures over time. 
 
Expectations of Students 
Students are expected to arrive to lecture and lab on-time and prepared to engage in discussions, workshops 
and labs. Students should have all assigned materials read, and due assignments completed before lab. 
Incomplete assignments will result in an incomplete on the student expectation log. In discussions we will 
frequently engage in the Socratic Method and each student is expected to participate. Students are expected 
to keep a record of their experimental practice in their journals using proper entry techniques, complete 
scientific readings on time and be prepared to discuss the content in lecture. Students are required to 
observe laboratory safety guidelines and complete the Laboratory Safety Examination before the first lab. 
There are no food or beverage products allowed in laboratory spaces, and students are required to arrive 
properly attired for our meetings.  
 
Course Overview 
Lecture One (Tuesday, June 29): Laboratory Safety lecture. The scientific method, 
hypotheses and theories. Developing your own creative process. 
 
Possible collaborative lecture with Michael (Wednesday, June 30): Collaborative 
evaluation on the origins of the Theory of Evolution as postulated by Gregor Mendel and 
Charles Darwin. The biological necessity of the evolutionary processes will be evaluated 
through thought experiments and lectures with Michael and Greg. Competition, natural 
selection, sexual seclection, kin selection, kin altruism and hawk-dove game theory will 
be introduced. 
 
Lecture Two (Friday June 2): Introduction to reproductive biology, ploidy, somatic 
cells and gametes, homologous recombination, bases, DNA, chromosomes. Lecture 
continues with an introduction to the impetus for evolutionary competition between 
prokaryotes and eukaryotes. Take-home reading: pedigreed paper on development of eye 
color, one page analysis paper due Tuesday July 6. 
 
Lecture Three (Tuesday, July 6): Central Dogma of Molecular biology. Introduction to 
the functional arrangement DNA, RNA, protein and how the processes of the Central 
Dogma determine and provide the template for all organismal development. 



Consideration of potential cultural modifications will be evaluated through thought 
experiments and readings. DNA, RNA, proteins and antibodies. We will explore the 
scope and range of proteins and what they do from antibodies, enzymes and other 
molecular machines that do “work” in our bodies. This will be synthesized with the 
previous take-home reading of eye-color and the production of protein-generated 
pigments that generate the color of our eyes. Additionally, we will discover how our 
parents determined our blood type and how our blood type is deterministically and 
probabilistically a function of the functional homologous recombination of our parents’ 
genetic material through an exploration of dominant/recessive genetic markers. Take 
home message: we are wholly a product of the recombination of our parents’ genetic 
code. 
 
Lab One (Wednesday June 7): Blood Typing and Heritable Immunology. We will 
perform blood typing and probabilistically determine the alleles of our parents that 
provided each of us with the red blood cell antibodies that contributed to our blood type. 
We will also extract, condense and spool threads of our own DNA so that we can actually 
see our genetic material. Mostly an introduction to the laboratory. 
 
 
Lecture Four (Friday, July 9): Continuation of replication, translation and transcription 
(the Central Dogma); Introduction to mutation, polymorphism and frame-shifting. 
Codons, amino acids and ribosomes will be introduced in addition to a treatment of 
nucleotides and Single Nucleotide Polymorphisms (SNPs), as opposed to mutations. Pre-
lab lecture will include a treatment of how DNA and RNA are miscoded, now changes in 
DNA are encoded and how these genetic frame-shifts are necessary to the survival of 
eukaryotes. Take-home reading: Genetics of individual differences in bitter taste 
perception: lessons from the PTC gene by Kim and Drayna. One page analysis paper due 
Tuesday July 13. 
 
Lecture Five (Tuesday, July 13): The class will consider the fraction of themselves that 
will possess a DNA Single Nucleotide Polymorphism, a change in some of their DNA 
that inhibits the gene that allows them to taste the sense of bitter. We will examine this 
modified genetic trait through two methods: tasting PTC paper (the bitter molecule 
phenyltiocarbamide) and by performing a procedure in molecular biology to isolate and 
visualize the actual gene that confers the allele to taste the sense of bitter on the tongue 
conferred by phenylthiocarbamide. We will perform this by using polymerase chain 
reaction (PCR), restriction digestion and gel electrophoresis to elucidate, visualize and 
confirm the practical applications of molecular biology in a laboratory setting and to 
illustrate our genetic differences in diverse populations. 
 
Lab two (Wednesday July 14th): Harvest DNA and amplify via PCR: Students will 
harvest their own DNA and amplify the gene of interest for the PTC allele SNP. 
 
Lecture Six (Friday, July 16):  Concepts and consequences of evolution. We will 
explore how the Selfish Gene contributes to the modification of culture. Given that 
Dawkins supposes that the sole purpose of all life is to propagate one’s own genes 



through their progeny, how does this provide impetus to change culture? Thought 
experiments and challenges to commonly held notions of culture, evolution and 
environment will be evaluated. Extra time will be spent allowing students to explore their 
own ideas; they will be invited to challenge their understanding by reaching beyond their 
knowledge of culture, language, gender, race and societal norms. 
 
Lecture Seven (Tuesday, July 20) (20 minute lecture, blood drive) DNA, Proteins and 
Enzymes – the workhorses. A thorough treatment of the final product of the Central 
Dogma – protein. We will discover which molecules do the work in our bodies and how 
they go about making us work and who we are on a molecular level – how they are 
coded, formed from amino acids and folded into functional molecular machines that do 
work. Genetic loci, introns, exons, vitamins, enzymes, and other special proteins will be 
evaluated .  
 
Lab Three (July 21): Finish up SNP lab: PCR and restriction digests will be run out on 
gels and imaged to determine whether or not students possess the single nucleotide 
polymorphism that inhibits their ability to taste bitter things. This will be confirmed with 
their gestalt tasting of phenylthiocarbamide paper. Take home reading: The Logic of 
Animal Conflict by J. Maynard Smith. Students should come to lecture eight prepared to 
role-play the different characters. 
 
Lecture Eight (Friday July 23): Evolution, society and game theory. An introduction to 
game theory with respect to the hawk-dove conflict, natural and sexual selection and 
altruism. Most of the session will be consumed with a group role-play of Maynard 
Smith’s postulated tenets of animal logic and we will make connections between 
Dawkins’ selfish individual gene and the impetus of that gene to modify the social 
behaviors of animals living within a society (a group of individuals living within a 
framework of pre-arranged rule sets). This will be a fun and engaging exploration of 
everything we have worked on up to this point and hopefully an inspiring send-off into 
the summer. Lecture will finish with an oral examination of topics covered through the 
duration of the course. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Week Date Assignemtents

One 6/29/2010 Safety Exam

7/2/2010 Sturm and 
Frudakis

Two 7/6/2010 Lab 1

7/7/2010

7/9/2010 Kim and Drayna

Three 7/13/2010 Lab 2

7/14/2010

7/16/2010 Reading TBD

Four 7/20/2010 Lab 3

7/21/2010 Smith and Price

7/23/2010

Lesson Topics Material due
The scientific method. Safety 
lecture. Notebook entries.
Reproductive biology. Intro to 
evolution concepts.
The Central Dogma of Molecular 
Biology & prelab

Blood typing lab

Continue Central Dogma. 
Evolution seminar

Finish PTC gel electrophoresis 
lab

Game Theory and oral exam

SNPs, mutations, PCR prelab

Begin PTC SNP lab

Linking genes and evolution: 
creative discussions

Finish Central Dogma: proteins

Smith and Price

Safety Exam

Analysis of Sturm 
and Frudakis

Lab 1

Analysis of Kim 
and Drayna

Lab 2

Analysis of reading 
TBD

Lab 3
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