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Forensic Chemistry



Blackett Family DNA Activity 


Information in this packet comes from http://www.biology.arizona.edu/human_bio/activities/blackett2/str_description.html

Create a Blackett Family Pedigree 
Blackett Family Members 
The Blackett Family DNA Activity is largely a genetic study of the inheritance of alleles in an extended family. Bob Blackett has tested DNA samples from himself and 13 other relatives. The first task of a human geneticist is the creation of a family tree, or pedigree to help with the interpretation of genotypes. From the following relationships, construct a pedigree for the Bob and his relatives. 

	Person 
	Family Relationship 

	Bob 
	Our propositus 

	Anne 
	Wife 

	David 
	Son 

	Katie 
	Daughter 

	Fred 
	Father 

	Norma 
	Mother 

	Karen 
	Sister 

	Steve 
	Husband of Karen 

	Tiffany 
	Daughter of Karen and Steve 

	Melissa 
	Daughter of Karen and Steve 

	Amanda 
	Daughter of Karen and Steve 

	Louise 
	Sister of Fred; Bob's Aunt 

	Bud 
	Husband of Louise 

	Buddy 
	Son of Bud and Louise 

	Dick 
	Son of Bud and Louise 

	Marilyn 
	Daughter of Bud and Louise 

	Janet 
	Daughter of Bud and Louise 


Draw the Blackett family tree here.
Collecting STR DNA profile data 
STR Data for the Blackett Family 
These data are from the actual DNA analysis of the Blackett family members by Bob Blackett. The tracings below show the genotypes for three of the 13 CODIS STR loci. In this activity, you will record the data for use in the ensuing genetic analysis of the Blackett family. Data on the other 10 loci are provided in the tables. 

· Collect the data for Bob, Anne, David, Katie, Fred and Norma for the "Paternity Testing with STR" Activity. 

· Collect the data for Karen, Tiffany, Melissa, and Amanda for the "DNA Profile of a Missing Person" Activity. You will not need to collect the results for Buddy, Dick, Marilyn and Janet. They are provided for you, Can you make any  conclusions about Louise and Bud? 
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STR Data for Bob, Anne, David, Katie, Fred and Norma 
	 
	Bob 
	Anne 
	David 
	Katie 
	Fred 
	Norma 

	D3S1358 
	  
	  
	  
	  
	  
	  

	vWA 
	  
	  
	  
	  
	  
	  

	FGA 
	  
	  
	  
	  
	  
	  

	AMEL 
	X Y 
	X X 
	X Y 
	X X 
	X Y 
	X X 

	D8S1179 
	12, 13 
	13, 13 
	13, 13 
	12, 13 
	12, 13 
	13, 13 

	D21S11 
	29, 31 
	28, 30 
	28, 31 
	29, 30 
	29, 29 
	29, 31 

	D18S51 
	12, 13 
	15, 17 
	12, 17 
	12, 15 
	12, 16 
	  

	D5S818 
	11, 13 
	11, 11 
	11, 13 
	11, 11 
	10, 11 
	12, 13 

	D13S317 
	11, 11 
	9, 11 
	11, 11 
	9, 11 
	11, 11 
	11, 12 

	D7S820 
	10, 10 
	8, 10 
	8, 10 
	10, 10 
	10, 10 
	10, 13 

	D16S539 
	11, 11 
	11, 12 
	11, 12 
	11, 12 
	9, 11 
	11, 12 

	THO1 
	9, 9.3 
	9, 9.3 
	9, 9.3 
	9, 9.3 
	9, 9.3 
	7, 9 

	TPOX 
	8, 8 
	9, 9 
	8, 9 
	8, 9 
	8, 11 
	8, 8 

	CSF1PO 
	11, 11 
	10, 12 
	11, 12 
	10, 11 
	11, 12 
	11, 13 


STR Data for Karen, Tiffany, and Melissa 
	
	Karen 
	Tiffany 
	Melissa 
	Amanda 
	Steve 

	D3S1358 
	  
	  
	  
	  
	  

	vWA 
	  
	  
	  
	  
	  

	FGA 
	  
	  
	  
	  
	  

	AMEL 
	X X 
	X X 
	X X 
	X X 
	  

	D8S1179 
	13, 13 
	13, 13 
	13, 15 
	13, 15 
	  

	D21S11 
	29, 31 
	28, 31 
	28, 29 
	28, 29 
	  

	D18S51 
	16, 17 
	17, 18 
	17, 18 
	16, 18 
	  

	D5S818 
	11, 12 
	11, 12 
	11, 11 
	11, 11 
	  

	D13S317 
	11, 11 
	8, 11 
	11, 11 
	11, 11 
	  

	D7S820 
	10, 13 
	10, 13 
	9, 10 
	9, 13 
	  

	D16S539 
	11, 11 
	11, 11 
	11, 11 
	11, 12 
	  

	THO1 
	9, 9.3 
	8, 9 
	9, 9.3 
	9.3, 9.3 
	  

	TPOX 
	8, 11 
	8, 11 
	8, 8 
	8, 8 
	  

	CSF1PO 
	11, 13 
	13, 13 
	11, 12 
	13, 13 
	  


STR Data for Buddy, Dick, Marilyn and Janet 
	
	Buddy
	Dick
	Marilyn
	Janet

	D3S1358
	18, 18
	18, 18
	15, 16
	15, 16

	vWA
	16, 18
	16, 18
	16, 17
	16, 18

	FGA
	19, 19
	19, 21
	19, 21
	19, 19

	AMEL
	X Y
	X Y
	X X
	X X

	D8S1179
	13, 15
	13, 15
	13, 15
	12, 13

	D21S11
	29, 30
	28, 29
	29, 30
	29, 30

	D18S51
	12, 18
	17, 18
	12, 13
	17, 18

	D5S818 
	11, 13
	10, 12
	10, 13
	11, 13

	D13S317
	11, 12
	11, 12
	11, 12
	11, 12

	D7S820
	10, 10
	10, 10
	7, 11
	10, 10

	D16S539
	11, 12
	9, 11
	9, 11
	9, 11

	THO1
	9.3, 10
	9.3, 10
	6, 9.3
	6, 9.3

	TPOX
	10, 11
	10, 11
	10, 11
	10, 11

	CSF1PO
	12, 12
	11, 12
	12, 12
	11, 12


Paternity Testing with STR Data 
In this activity, you will assume the role of a Human Geneticist in a DNA Paternity Testing Laboratory. You have just obtained the DNA Profiles for Bob, Anne, David and Katie. You also have information about Bob's parents, Fred and Norma. In your role as a Human Geneticist, it is not essential that you know all of the laboratory techniques used to obtain the Blackett family genotypes. Your work is based on understanding the principles of Mendelian Genetics as applied to STR loci. 

1. Who are the parents of David and Katie? 
Do all of the data you have collected on the genotypes of Bob, Anne, Katie, and David support the conclusion that Bob and Anne are the biological parents of David and Katie? You should justify your answer by reference to the specific genotypes for the STR loci. 









2. What is the genetic legacy of Fred and Norma? 
The alleles that Bob passes on to his children have in turn been inherited from Bob's parents, Fred and Norma. Identify the alleles among the 13 CODIS STR loci in the genotypes of Katie and David that have been unambigously inherited from each of their paternal grandparents. Now identify any additional alleles that might have been inherited from their maternal grandparents. 


















3. Genetic Diversity and Sexual Reproduction 
Human geneticists are often asked why children have not inherited a particular trait from their parents. As a human geneticist, you know that one mechanism to insure genetic diversity is the independent assortment of alleles of different loci during gamete (egg and sperm) production, i.e. Mendel's Second Law of Genetics. To illustrate this important genetic principle, calculate how many genotypes would be possible among the children of Bob and Anne for the combined DNA profile from the D3S1358, vWA, and FGA. 

Honors:  Now calculate the possible genotypes of the children of Bob and Anne for all 13 CODIS STR loci. 















4. How many genotypes are possible in a population for a three locus DNA Profile? 
If there are two alleles, A and B, at a genetic locus in a population, there are three possible genotypes, namely AA, BB, and AB. If there are three alleles, A or B or C, there are six possible genotypes, namely AA, BB, CC, AB, AC, and BC. For N different alleles, the total possible genotypes is given by the following expression: 
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If we assume that the allele reference ladders from our data collection exercise represent all possible alleles (a conservative estimate), how many genotypes are possible in a population for the combined STR loci of D3S1358, vWA, and FGA? 













5. How many genotypes are possible in a population for the combined CODIS 13 STR loci? 
Honors: calculate the number of possible genotypes considering all 13 CODIS STR markers. The table below shows the number of alleles for each locus. Beware, the number will be very large. 

	Locus
	D3S1358
	vWA
	FGA
	D8S1179
	D21S11
	D18S51
	D5S818 

	Alleles
	8 
	11 
	14 
	12 
	22 
	21 
	10 


	Locus
	D13S317
	D7S820
	D16S539
	THO1
	TPOX
	CSF1PO
	AMEL

	Alleles
	8 
	10 
	9 
	7 
	8 
	10 
	X Y


DNA Profile of a "Missing Person" 
In this activity you will assume the role of a forensic DNA analyst. Your task will be to determine the DNA profile for a "missing person" from the analysis of close family members. DNA analysts often have to recreate genotypes for those whose DNA is not readily available for analysis. A recent case of great national interest was the identification of the remains of the Vietnam soldier who had been interred in the Tomb of the Unknown Soldier. 

1. What is Steve's Genotype? 
In our activity, we obtained data for Karen and her three daughters, Tiffany, Melissa, and Amanda. Bob Blackett has not yet had the opportunity to test the DNA of Steve, so Steve can play the role of the "missing person" in our activity. Determine Steve's genotype at the 13 CODIS STR loci. Indicate whether there is an unambigous genotype where both alleles are known, or some uncertainty about both paternal alleles. 



2. What are the Genotypes of Bud and Louise? 
What happens when we have two missing people? Human geneticists are often asked to determine if adult children in the same family all have the same biological parents. Demonstrate that all of the genetic information for the children of Bud and Louise is consistent with all 4 having the same two parents. 

Honors DNA Profile Frequency Calculations 
In this activity, you can calculate the probability for some of the DNA profiles you have been studying. The following set of data are tables of allele frequency for the three STR loci D3S1358, vWA, and FGA for a combined, Caucasian population. The frequency data come from the web site of the Royal Canadian Mounted Police. 

	Locus 
	Allele 
	Frequency 

	D3S1358 
	12 
	0.015 

	D3S1358 
	13 
	0.015 

	D3S1358 
	14 
	0.1341 

	D3S1358 
	15 
	0.2896 

	D3S1358 
	16 
	0.2287 

	D3S1358 
	17 
	0.1616 

	D3S1358 
	18 
	0.1616 

	D3S1358 
	19 
	0.0152 


	Locus 
	Allele 
	Frequency 

	VWA      
	12 
	0.015 

	VWA 
	14 
	0.1311 

	VWA 
	15 
	0.1189 

	VWA 
	16 
	0.186 

	VWA 
	17 
	0.2774 

	VWA 
	18 
	0.189 

	VWA 
	19 
	0.0884 

	VWA 
	20 
	0.015 


	Locus 
	Allele 
	Frequency 

	FGA       
	18 
	0.015 

	FGA 
	19 
	0.061 

	FGA 
	20 
	0.125 

	FGA 
	21 
	0.1799 

	FGA 
	22 
	0.2287 

	FGA 
	23 
	0.1311 

	FGA 
	24 
	0.1463 

	FGA 
	25 
	0.0945 

	FGA 
	26 
	0.0183 

	FGA 
	27 
	0.015 




1. What is the Probability for a 3-Locus DNA profile? 
Based on a population database of Caucasians developed by Bob Blackett and colleagues in Arizona, Bob can calculate the genotype frequency of his combined profile for the three STR loci D3S1358, vWA, and FGA to be 6 x 10-5. Compare this frequency with the frequency you calculate from the Royal Canadian Mounted Police data. For help with this calculation, review the DNA Profile Frequency Calculation page in the background packet. 












2. Genotype Frequency for the 13 CODIS STR Loci. 
Retrieve additional frequency data for the other 10 STR Loci from the web site of the Royal Canadian Mounted Police and calculate the genotype frequency for all 13 STR loci for one or more individuals from this study. 













3. Check your answers. 
As an alternative to doing all of the arithmetic yourself, you can Calculate a profile's Random Match Probability using the RCMP on-line calculator. 

Your objectives in this activity are to:


describe how DNA profiling works


use DNA profiles to determine family relationships


calculate the probability of a DNA match given the statistics on the appearance of various alleles in the population








