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	Appropriate Level:
	High School:  Life Science, Honors, or Advanced Placement Biology

	Abstract:
	This classroom activity demonstrates how different strains of bacteria can be identified through the Polymerase Chain Reaction (PCR).  Students use PCR to amplify pieces of DNA that are specific to the bacteria and antibiotic resistance genes from PPI module II.

	Time Required:
	This experiment is broken up into two parts.  The first section, setting up the PCRs, can be fit into a normal class period.  The thermocycler can take 2-3 hours to run, so it is often useful to run it after the class or overnight.  If there is time, the agarose gels can be poured during this period as well. When set, the gels can be thoroughly wrapped in saran wrap and placed in the refrigerator until needed.  

The second period is for adding dye to the samples and loading the gel for electrophoresis.  Some students may be able to observe the beginning of the electrophoresis, while some will be loading their gels right to the end of the period.  Teachers can do the staining and destaining, or a few students can return to the classroom for brief periods (5 - 10 minutes each time) to do this part.  The fourth period is for photography and analysis of the gels. 

A double period (without a break) for the second lab day makes for a smoother experience.  Use some of the additional time in the first period for discussing background material (in this case, leave the labeling of tubes for the second period).  Use the remaining time of the double period for much needed lecture/discussion.

	Special Needs:
	Bacterial cultures, plates of antibiotic media, PCR reagents (see Materials and Methods)

	NYS Learning Standards
	1- Inquiry, Analysis and Design: 2- Testing proposed explanations: 2.3a,b; 3- Analyzing data: 3.3; 3.4a; 4- Living Environment: 2- Inheritance: 2.1d,h; 3-Evolution: 3.1b,h; 4- Reproduction: 4.1b


Additional Teacher Information

Copies of the lab and other information can be found in the High School Connect section of the PPI website, at: http://pseudomonas-syringae.org

Materials and Methods
It is recommended that students work in groups of two or three.

Materials:

· Media plate with antibiotics A and B with bacteria from PPI module 2 (one per student group)
· PCR beads.  This activty is written for use with PuRe Taq Ready-To-Go™ PCR Beads from GE Healthcare (Product Code 27-9557-01)
· Chelex™100 beads from Bio-Rad (Product Code 142-2822)
· Primer sets, available from CIBT (cibt.bio.cornell.edu)
· Thermocycler
· Gel electrophoresis equiptment  (This lab is written for use with the Thermocycler and Gel electrophoresis equiptment found in the CIBT Equpitment Lending Librairy.)
Pre-lab discussion suggestions:

· The componetns and steps of PCR

· A review of the results from Module II
Answers to Analysis questions:
1. Did all of your group’s PCRs produce bands?   If not, which ones did not?  

This lab is set up so that the students should get bands with primer sets A, B, and C.  There should not be a band from the primer set D reaction.

2. What does this tell you about the identity of your bacterial culture?

This suggests that there is only one type of bacteria in the culture, Pseudomonas.  The lack of a band from primer set D indicates that there is no E. coli. in the bacterial culture.  The presence of bands in reaction A and B indicates that the Pseudomonas has both antibiotic resistance genes.

· There are three temperatures in a PCR cycle.  In the space below, describe the purpose of each of the steps.

· 95˚C  Melting the template DNA
· 50˚C  Annealing primers to the template DNA
· 70˚C  Extension of primers by DNA polymerase
There are several components in a PCR reaction.  In the space below, describe the purpose of each component in the reaction.

3. DNA polymerase

A (heat-stable) DNA polymerase that joins together dNTP’s, based on the sequence of the DNA template.

4. Deoxynucleotide Triphophates (dNTP’s)

The “fuel” of the PCR reaction.  Joined by DNA polymerase to make a new strand of DNA.

5. Oligonucleotide primers

Small single stranded pieces of DNA.  The primers bind to the DNA template and serve as a start for DNA synthesis by the DNA polymerase. 

6. DNA template

The DNA template contains the sequence to be amplified. 

7. Buffer

This is a mixture of salts and other ions that keeps the PCR at the right pH for the DNA polymerase to be active.

New York State Learning Standards

PPI: Module 3

Standard 1: Inquiry Analysis and Design

Key Idea 2: Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity. 

2.3 – Develop and present proposals, including formal hypotheses to test explanations; i.e., predict what should be observed under specific conditions if the explanation is true.



a. Hypothesis are predictions based upon both research and observation

b. Hypotheses used to determine what data to collect and as a guide for interpreting the data. 

Key Idea 3:  the observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insight into natural phenomena.

3.3 – Assess the correspondence between the predicted result contained in the hypothesis and actual result, and reach a conclusion as to whether the explanation on which the prediction was based is supported. 

3.4 – Based on the results of the test and through public discussion, revise the explanation and contemplate additional research. 

a. Hypotheses are valuable, even if they turn out not to be true

Standard 4: Living Environment

Key Idea 2: Organisms inherit genetic information in a variety of ways that result in continuity of structure and function between parents and offspring. 

2.1 – Explain how the structure an replication of genetic material result in offspring that resemble their parents.

d. Asexually produced offspring are normally genetically identical to the parent. 

h. Genes are segments of DNA molecules. Usually and altered gene will be passed on to every cell that develops from it. 

Key Idea 3: Individual organisms and species change over time


3.1 – Explain the mechanisms and patterns of evolution

b. New inheritable characteristics can result from new combinations of existing genes 

h. The variation of organisms within a species increased the likelihood that at least some members of the species will survive under changed environmental conditions. 

Key Idea 4: The continuity of life is sustained through reproduction and development.


4.1 – Explain how organisms including humans reproduce their own kind.

b. Some organisms reproduce asexually with all the genetic information coming from one parent. 
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