DataTools Investigation Planning and Documentation Template

Please include your initials in the file name of the electronic version of this document.

Use this template to:

1. Guide the planning of your investigation

2. Share your plan online with your DataTools colleagues

3. Report on the implementation of the investigation

• Complete Part 1 and upload the template to the DataTools Web site during the online collaboration period that precedes implementation.

• Add information to Part 2 and upload the entire template (Parts 1 and 2) to the DataTools web site during the online collaboration period that follows implementation.  
Part 1 

Your Name__David Novick_______________Date__3/10/2009
Grade(s) taught:  mixed (10, 11, & 12)
Key Parts of an Investigation

· Question(s)

· Goals

· MA state frameworks

· Overview & approximate time

· Dataset(s)

· Analysis tool(s)

· Main steps for analysis techniques

· Background information

· Example product(s)

· Student handouts for data collection & analysis

· Support for student inquiry

· Reflections on Implementing the Investigation (complete after implementing)
Investigation Question(s)

I will be using the following kit from Bio-Rad
Biotechnology Explorer™

Chromosome 16:

PV92 PCR Informatics Kit

Catalog #166-2100EDU

explorer.bio-rad.com
Investigation Goals
· Learn the power of the polymerase chain reaction
· Learn what their genotype is regarding PV92 Alu allele
· Learn about how to use ImageJ to analyze picture of gel.
· Learn how to use Excel to plot standard curve and calculate unknowns.
Overview & Approximate Time
Day 1:

· Isolate DNA from cheek cells or hair follicle and set up PCR reaction to run overnight.
Day 2:

· Electrophorese PCR Reactions along with MW standards on agarose gel

· Take digital picture of gel on light box with ruler

Day 3:

· Analyze PCR products using ImageJ and verify each students genotype.

Dataset(s)

· Semi-logarithmic x-y scatter plot of Length of MW markers in base pairs (y-axis log scale) vs. distance MW markers traveled in cm (x-axis linear scale).
· Distance PCR products travelled in cm
Extension Dataset (if time allows and can locate such a dataset):

· Frequency of PV92 allele in human population

Analysis Tool(s)
· ImageJ
· Microsoft Excel
Steps for Data Analysis
· Use ruler in picture of gel (example gel results in figure 13 above) to set scale in ImageJ
· Measure distance each MW marker travelled and each band in PCR products travelled using ImageJ measuring tool.
· Record data in Microsoft Excel (sample table set up in MS Excel)
	MW Size (bp)
	MW Distance (cm) 
	Distance (cm) PCR

Student 1
	Distance (cm) PCR

Student 2
	Distance (cm) PCR

Student 3
	Distance (cm) PCR

Student 4
	Distance (cm) PCR

Student 5

	1000
	
	
	
	
	
	

	700
	
	
	
	
	
	

	500
	
	
	
	
	
	

	200
	
	
	
	
	
	

	100
	
	
	
	
	
	


Table 1: Raw Data from gel
· Create X-Y scatter plot of MW Size (bp) as y variable  and MW Distance (cm) as x variable setting y-axis on a log scale and x-axis on a linear scale.
· Add trendline to plot.  Choose trendline (i.e. linear, exponential, logarithmic, etc.) that gives best R2 coefficient (closest to a value of 1).
· Create new table in MS Excel (sample table set up in MS Excel)
	Distance (cm) PCR

Student 1
	Size of PCR Products

Student 1
	Distance (cm) PCR

Student 2
	Size of PCR Products

Student 2
	Distance (cm) PCR

Student 3
	Size of PCR Products

Student 3
	Distance (cm) PCR

Student 4
	Size of PCR Products

Student 4
	Distance (cm) PCR

Student 5
	Size of PCR Products

Student 5

	A2
	B2
	C2
	D2
	E2
	F2
	G2
	H2
	I2
	J2

	A3
	B3
	C3
	D3
	E3
	F3
	G3
	H3
	I3
	J3

	A4
	B4
	C4
	D4
	E4
	F4
	G4
	H4
	I4
	J4


Table 2: Analysis of Raw Data
· Using equation from X-Y scatter plot calculate size of PCR product (i.e. F(x)).  Set columns B, D, F, and H equal to F(x) with values for x coming from columns A, C, E, and G, respectively.
· Compare PCR product band sizes to known sizes for Alu PV92 alleles.
Background Information

Excerpt below copied from PV92 PCR Informatics Kit instructions pp. 58-59

The Target Sequence

The human genome contains small, repetitive DNA elements or sequences that have become randomly inserted into it over millions of years. One such repetitive element is called the “Alu sequence” This is a DNA sequence about 300 base pairs long that is repeated almost 500,000 times throughout the human genome. The origin and function of these repeated sequences is not yet known.

Some of these Alu sequences have characteristics that make them very useful to geneticists. When present within introns of certain genes, they can either be associated with a disease or be used to estimate relatedness among individuals. In this exercise, analysis of a single Alu repeat is used to estimate its frequency in the population and as a simple measure of molecular genetic variation — with no reference to disease or relatedness among individuals.

In this laboratory activity you will look at an Alu element in the PV92 region of chromosome 16. This particular Alu element is dimorphic, meaning that the element is present in some individuals and not others. Some people have the insert in one copy of chromosome 16 (one allele), others may have the insert in both copies of chromosome 16 (two alleles), while some may not have the insert on either copy of the chromosome (Figure 12). The presence or absence of this insert can be detected using PCR followed by agarose gel electrophoresis.

Since you are amplifying a region of DNA contained within an intron, the region of DNA is never really used in your body. So if you don’t have it, don’t worry. The primers in this kit are designed to bracket a sequence within the PV92 region that is 641 base pairs long if the intron does not contain the Alu insertion, or 941 base pairs long if Alu is present. This increase in size is due to the 300 base pair sequence contributed by the Alu insert.

When your PCR products are electrophoresed on an agarose gel, three distinct outcomes are possible. If both chromosomes contain Alu inserts, each amplified PCR product will be 941 base pairs long. On a gel they will migrate at the same speed so there will be one band that corresponds to 941 base pairs. If neither chromosome contains the insert, each amplified PCR product will be 641 base pairs and they will migrate as one band that corresponds to 641 base pairs. If there is an Alu insert on one chromosome but not the other, there will be one PCR product of 641 base pairs and one of 941 base pairs. The gel will reveal two bands for such a sample.
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Fig. 13.  Electrophoretic separation of DNA bands based on size. EZ Load DNA molecular mass ruler, which contains 1,000 bp, 700 bp, 500 bp, 200 bp, and 100 bp fragments (lane 1); two homozygous (+/+) individuals with 941 bp fragments (lanes 2, 6); three homozygous (–/–) individuals with 641 bp fragments (lanes 3, 5, and 8), and two heterozygous (+/–) individuals with 941 and 641 bp fragments (lanes 4 and 7).

Example Data Analysis Product(s) (i.e. graph, map, image, etc.; something you expect students to be able to create during the investigation)
See Tables 1 and 2 above.  Also an X-Y scatter plot.
Student handouts for data collection & analysis (can attach these separately):

This is a copyrighted protocol that can be used for educational purposes and obtained as a pdf file on Bio-Rad’s website, www.bio-rad.com.
Support for student inquiry (List strategies this investigation will use to promote student inquiry)
1. Students as well as I don’t know what their genotype is regarding the PV92 Alu allele.  Therefore, there is a genuine unknown answer here.  They will also be learning how to use an online sequence search engine BLAST to compare sequences and thus learn about the field of bioinformatics.
_______________________________________________________________________

Part 2

COMPLETE Part 2 AFTER YOU HAVE IMPLEMENTED THE INVESTIGATION

Today’s Date________________________

Number of classes that used the investigation________________

Approximate number of students who completed the investigation________

Paste an example of student work (final graph, student analysis, etc.) from the investigation

Reflections on Implementing the Investigation
· How you feel the investigation went with students? 

· Were you satisfied with the level of student engagement? What sorts of questions did student ask? What insights did they have? How proficient are they in using the software?

· How will you carry out this investigation differently in the future?







