GENETICS AND DNA TECHNOLOGY
AP Biology

DNA technology is an umbrella term that includes methodologies for cutting, sorting, amplifying, and combining DNA samples. In genetics, DNA tech applications include screening for genetic disease via gel electrophoresis, and recombining DNA from different species to create genetically modified organisms.  

I. DMD CASE STUDY: The Smith family

Maria and Vladimir Smith have three children: Jean Paul, age 5; Hiroko, age 4; and Elmer, age 1. Maria is pregnant with their fourth child. Jean Paul has been having trouble climbing the stairs, and gets really tired after playing tag with his sister. Medical testing reveals that Jean Paul has Duchenne Muscular Dystrophy (DMD) a sex-linked genetic disease that results from a nucleotide deletion in a gene on the X chromosome. By age 5 the DMD allele trigger progressive muscle degeneration, first in the limbs and ultimately in the heart and respiratory muscles. 

Upset and worried for their other children, Maria and Vlad decide to have themselves as well as the rest of the family tested for the DMD gene. Each member of the family gave small blood samples. Maria underwent fetal blood sampling so the DNA from her unborn child could also be tested. 

Since the mutation that causes DMD results from a deletion within a gene, the DMD gene fragment is shorter than the normal gene. Gel electrophoresis is used to separate the fragments by size, thus revealing which alleles each member of the family has. In this model, two dyes of different colors will represent the mutant and normal DNA; like DNA fragments, the dyes will diffuse through the gel at different rates based on their size, separating into visible bands. 

HYPOTHESIZE:  Use the family background and information from Jean-Paul to predict the genotypes and phenotypes of each member of the family, and the probability of each. 

METHODS: Use caution with the electrophoresis equipment
   a.  Make a .5% agarose gel: melt the agarose; pour when warm, not hot.

   b. Orient the wells of the gel at the cathode (BLACK) end of the box. 

   c. Flood the gel with buffer. 

   d. Use 5 microliters of sample; REPLACE THE TIP each time.

   e. Coordinate the use if the power supply with another group if necessary. 
   f. Verify bubbles along the electrode wires to insure dye migrates.
   g. Run the gel until there are 1 or 2 distinct bands of dye per lane.
DATA: Record results as a gel diagram and in a data table. 

ANALYSIS – Summarize the test results for each member of the Smith family, paying attention to gender. What patterns are evident? Why? Infer the status of Marias parents. Diagram a pedigree for this family. 

II. GENE EXPRESSION
All cells regulate the expression of their genes. They do so for a variety of reasons: to save energy and resources, to respond to different environmental conditions, and to direct changes in development and metabolism. Regulation can happen at various places in the protein synthesis pathway; in this case regulation is at the level of transcription. 

In this lab, you will transform bacteria by inducing them to take up a genetically modified plasmid. Plasmids are extra-chromosomal loops of DNA passed between bacteria and replicated when bacteria divide. This patented plasmid, called pGlo, has been modified to include a jellyfish gene that codes for Green Fluorescent Protein (GFP). To make pGlo, an existing operon in the plasmid, BAD, is cleaved out, and GFP is spliced in. pGLO plasmids also contain a gene for ampicillin resistance, which allows for selection for only those colonies that have taken up the plasmid. Only in the presence of the inducer arabinose (a sugar), can the genetically modified bacteria express their newly acquired GFP gene, easily verified as they glow green under ultraviolet light. 

Genetic transformation is used in many areas of biotechnology. Genes coding for traits such as frost, or spoilage resistance have been genetically transformed into plants. Other bacteria have been transformed with genes enabling them to digest oil spills. In medicine, diseases caused by defective genes may someday be treated with gene therapy; that is, by genetically transforming a sick person’s cells with healthy copies of the defective gene that causes the disease. 

METHODS:   Follow the Transformation Kit – Quick Guide for directions on first recombining E. coli with the GM plasmid DNA, and how to culture E coli on the plates. 
HYPOTHESIZE: Predict which dishes will grow no, few, or many colonies of bacteria.  Further, predict which will express GFP. Justify your hypotheses.


I  broth only  •  II  broth & ampicillin antibiotic  •  III  broth, ampicillin, arabinose sugar. 
DATA: Diagram or photograph your cell culture results. 
ANALYSIS: Which cultures grew? Which grew selective colonies? Infer why. Which trials express GFP? Explain why.  Discuss errors, reflect on hypotheses. Are results conclusive? 
Teacher notes: 

Stock solns:


10ml DI water + 1ml glycerol + 0.025 grams xylene cyanole (order from Sigma)


10ml DI water + 1ml glycerol + 0.025 grams bromphenol blue 

glycerol = glycerin 

swirl to dissolve.

	Sample
	A
	B
	C
	D
	E
	F

	Family
	Maria
	Vlad
	Jean paul
	Hiroko
	Elmer
	fetus

	Condition
	Carrier
	Normal
	Affected
	Normal
	Normal
	carrier

	Dye sample
	25 micro BB/25 XC
	50 XC
	50 BB
	50XC
	50 XC
	25/25


BB is purple in color, travels fastest

XC is teal color, travels slower

Qualitative lab - looks at the ability of light to regulate the synthesis of chlorophyll. In angiosperms (flowering plants) the green pigment is synthesized from coenzyme A and the amino acid glycine. The last step of the pathway employs an enzyme that is light-dependent.  

