WEEK 6 EXPERIMENT ANSWER SHEET
Please submit to the Week 6 Experiment dropbox no later than Sunday midnight.
SUMMARY OF ACTIVITIES FOR WEEK 6 EXPERIMENT ASSIGNMENT

· Experiment 6 Exercise 1 – Monhybrid Crosses
· Experiment 6 Exercise 2 – Dihybrid Cross
· Experiment 6 Exercise 3 – Inheritance of Human Traits
Experiment 6 Exercise 1: Monohybrid Crosses
You will be conducting monohybrid crosses using fruit flies. Open in the following website:

Glencoe-McGraw Hill. No date. Punnett Squares
http://glencoe.mcgraw-hill.com/sites/dl/free/0078759864/383934/BL_05.html
Procedure


A. Open the above website and click on the VCR to listen to the introduction. Close the window when done.
B. Click on the Lab Notebook on the lab bench. A breeding scenario will be presented to you that you will need to carry out. Here are the possible phenotypes and genotypes you will using:

a. Normal wings (LL or Ll) or vestigial wings (ll)

b. Gray body (GG or Gg) or black body (gg)
C. Enter the Scenario number in Table 1 below. 

D. Based on the Scenario, use the down arrows beneath the Parent 1 and Parent 2 boxes to select the appropriate parents. Look carefully at the flies so that you know which ones to select.

E. Before proceeding, click on the Check Parents button. If necessary, make corrections. If you are correct, the maternal and paternal alleles will be added to the Punnett Square.

F. Next, drag the correct allele combinations and the corresponding fly types to the boxes in the Punnett Square.
G. When you are done, click on Check Offspring. If necessary, make corrections.

H. Record your data in Table 1 below. An example has been given, but note that the example is not using the genotypes and phenotypes used in this exercise. 
I. Click on Reset. Repeat steps B - H four more times for a total of five crosses. If a scenario is presented that has already been completed, click Reset again. DO NOT REPEAT a given scenario!
Note that the scenario number you need to record in the Table below is the number associated with the specific scenario you completed.
Table 1. Results of crosses.
	
	Parent Genotypes
	Offspring Genotypes
	Offspring Phenotype

	Scenario #
	Parent 1 
	Parent 2 
	#
	%
	#
	%

	Example
	Rr
	rr
	2 Rr
2 rr
	50% Rr
50% rr
	2 red
2 white
	50% red
50% white

	2 
	Gg
	Gg
	1 GG
2 Gg

1 gg
	25% GG
50% Gg

25% gg
	3 gray-bodied
1 black-bodied
	75% gray-bodied.
25% black-bodied.

	4
	LL
	LI
	2 LL
2 LI
	50% LL
50% LI
	4 long-winged
	100% long-winged.

	9
	II
	II
	4 II
	100% II
	4 vestigial-winged
	100% vestigial winged.

	3
	LL
	II
	4 LI
	100% LI
	4 Long-winged
	100% longed- winged

	7
	II
	LI
	2 LI
2 II
	50% LI
50% II
	2 Long- winged
2 vestigial winged.
	50% long-winged
50% vestigial-winged.


Questions
1. Which type of cross gave you the greatest number of unique genotypes? Was the number of phenotypes the same as the number of unique genotypes or different? If different, why (2 pts)?
The greatest number of unique genotypes was achieved in cross number 2. Despite having three unique genotypes, only two phenotypes were observed. This is because both dominant homozygous and heterozygous genotypes have similar phonotypes.
2. Because the color gray is dominant, a gray-bodied fly can be either GG or Gg. How can you determine the actual genotype for a gray-bodied fly? Explain outcomes of any crosses and how they allow you to answer the question. Hint: See p 152 in your book (3 pts).
The actual genotype can be determined by performing a test cross. This will involve crossing gray-bodied flies with black-bodied flies of genotype gg. If any offspring will have black-bodied flies the parent had a heterozygous genotype Gg. If all offspring from the cross are gray-bodied the parents were dominant homozygous GG. For reliable results the many flies of the genotypes GG and Gg should be done
Citation:
Hunter, Chad M., et al. "The genetic architecture of natural variation in recombination rate in Drosophila melanogaster." PLoS genetics 12.4 (2016): e1005951.
Experiment 6 Exercise 2: Dihybrid Cross
We will continue to use flies for our crosses, but this time we will examine the inheritance of TWO different traits: body color (gray or black) and wing type (long or vestigial). As with our first crosses, the gray body color is dominant (GG or Gg) over the black body color (gg). And the long wing type is dominant (LL or Ll) over vestigial (ll). Be sure you have reviewed our online Genetics lecture and this week’s reading before proceeding. An example of a dihybrid cross is shown on p 150 in your book.
Recall our flies from the previous exercise. We have the following traits:

· Gray body (GG or Gg) is dominant over black body (gg)

· Long wings (LL or Li) is dominant over vestigial wings (ll)

We will cross a gray bodied fly with long wings (GgLL) with a gray bodied fly with long wings (GGLl). Note that even though the phenotypes are the same, the genotypes of the two parents are different. 
Identify the four possible gametes produced by these two individuals. Note that each gamete must consist of two alleles (G or g and L or l):
Parent 1                     Parent 2
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GgLL                             GGLl
Parent 1 (GgLL) Gametes: __GL_____     GL______    __gL_____     __gL_____ (1 pts)
Parent 2 (GGLl) Gametes:  __GL_____     __GI____     ____GL___    __GI_____ (1 pts)
Create a Punnett square to show the outcome of a cross between these two individuals (GgLL and GGLl) using the gametes you identified above (3 pts).
	
	
	Parent 1

	
	
	GL
	GL
	gL
	gl

	Parent 2
	GL
	GGLL
	GGLL
	GgLL
	GgLI

	
	GI
	GGLI
	GGLI
	GgLI
	GgLI

	
	GL
	GGLL
	GGLL
	GgLL
	GgLI

	
	GI
	GGLI
	GGLI
	GgLI
	GgII


Questions
1. What are the possible F1 genotypes (these must now have four alleles) and their percentages (4 pts)?

	 Allele
	Frequency
	Percentage

	GGLL
	4
	25

	GGLI
	4
	25

	GgLL
	2
	12.5

	GgLI
	5
	31.25

	GgII
	1
	6.25

	Total
	5 genotypes
	16
	100


2. Recall that GG and Gg individuals are gray bodied, while gg individuals are black bodied and that LL and Li individuals have long wings, while ll individuals have vestigial wings. What are the phenotypes of the resulting offspring and what are the percentages of these phenotypes (2 pts)?
15 gray-bodied flies with long wings equivalent to 93.75% and 1 black-bodied fly with vestigial wings which is 6.25% of total number of flies.

Experiment 6 Exercise 3: Inheritance of Human Traits
Read over the Inheritance of Human Traits Introduction under the Week 6 Experiment link in our course before beginning. 
Procedure
A. For each of the heritable traits describe below, determine which form you have (dominant form or recessive form). This is your phenotype.


B. Record your phenotype information in Table 2 below. Then, enter the possible genotype(s) you have based on your phenotype. 
 

C. Answer the questions found following Table 2 below.
Description of Heritable Traits
	Trait
	Possible Alleles
	Dominant Form
	Recessive 
Form
	Examples

	Ear lobes
	E or e
	Detached
(Free)
	Attached
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	Hairline
	W or w
	Widows peak
	Straight
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     Widow’s peak             Straight

	Tongue rolling
	T or t
	Able to roll
	Unable to roll
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	Hand folding
	R or r
	Right thumb on top
	Left thumb on top
	[image: image6.jpg]eft Thumb Over Right





	Chin
	C or c
	Cleft chin
	No cleft chin
	[image: image7.jpg]




	Tongue folding
	F or f
	Can fold tongue backwards
	Cannot fold tongue backwards
	[image: image8.jpg]




	Thumb
	H or h
	Straight thumb (cannot bend backwards)
	Hitchhiker’s thumb (can bend it backwards)
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	Little Finger
	B or b
	Bent inwards
	Straight
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	Mid-digital hair
	M or m
	Hair on fingers
	No hair on fingers
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An example is shown as to what should be entered in RED. Please correct the entry for “Ear lobes” based on your personal data. For the Genotypes, please use the letters provided above (8 pts).  
Table 2. Your phenotypes and genotypes. Remember that if you exhibit a dominant trait, you do not know if you are heterozygous or homozygous.
	Trait
	Phenotype
	Genotype

	Ear lobes
	Unattached
	EE/Ee 


	Hairline
	Straight
	ww

	Tongue Rolling
	Able to roll
	TT/Tt

	Hand Folding
	Right thumb on top
	RR/Rr

	Chin
	Smooth chin
	cc

	Tongue Folding
	Cannot fold
	ff

	Thumb
	Hitchhiker’s thumb
	hh

	Little Finger
	Straight
	bb

	Mid-digital Hair
	No hairs on fingers
	mm


Questions  
1.  Which traits did you have that were dominant (1 pts)?

      Earlobes and tongue rolling. 
2.  Which traits did you have that were recessive (1 pts)?

                  Hairline, chin, thumb, little finger, tongue folding and mid-digital hair.
3. What does it mean to be homozygous for a trait? Cite source(s) used (1 pts).
It is a situation where an individual has two same alleles both being either dominant or recessive pair. 
Robinson, Roy. Lepidoptera Genetics: International Series of Monographs in Pure and Applied Biology: Zoology. Vol. 46. Elsevier, 2017.
4. What does it mean to be heterozygous for a trait? Cite source(s) used (1 pts).
This is a condition where an individual has one dominant and one recessive allele on a given gene.

Robinson, Roy. Lepidoptera Genetics: International Series of Monographs in Pure and Applied Biology: Zoology. Vol. 46. Elsevier, 2017.

5. Define genotype and phenotype? Cite source(s) used (1 pts).
Genotype is the genetic makeup of a cell while phenotype is the observable features of an organism arising from the genotype.
Robinson, Roy. Lepidoptera Genetics: International Series of Monographs in Pure and       Applied Biology: Zoology. Vol. 46. Elsevier, 2017.


      6.  Which traits do you know for sure that you were homozygous (1 pts)?

               Hairline, chin, thumb, little finger, and mid-digital hair
Week 6 Experiment Grading Rubric
	Component
	Expectation
	Points

	Experiment 6
Exercise 1
	Correctly perform and record the outcome of five monohybrid crosses (Table 1).
	5

	
	Demonstrate an understanding of the possible outcomes of monohybrid crosses with respect to genotypes and phenotypes (Questions 1-2).
	5

	Experiment 6
Exercise 2
	Determine the correct parental gametes and conduct a dihybrid cross.
	5

	
	Correctly evaluate the outcome of a dihybrid cross (Questions 1-2).
	6

	Experiment 6
Exercise 3
	Correctly recognize one’s phenotype and assigns the correct genotype (Table 2).
	8

	
	Demonstrate an understanding of dominant and recessive traits, genotype vs phenotype and homozygous vs heterozygous (Questions 1-6).
	6

	TOTAL
	
	35 pts


1. Marfan syndrome follows a pattern of autosomal dominant inheritance. What is the chance (= probability) that any child will inherit the dominant allele if one parent (Parent #1) does not carry the allele and the other (Parent #2) is heterozygous for it? Provide a clear explanation and complete the Punnett Square below. Be sure to define the letters you use for the two alleles:

 X dominant gene
Y recessive gene

	Parent 2                Parent 1
	X
	X

	X
	XX
	XX

	Y
	XY
	XY


The chance of getting a child with Marfan syndrome is 50%.
2. Below is a diagram showing the inheritance of an X-linked trait; the first generation is at the top and the third generation is at the bottom.
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What do the squares refer to?

Dominant gene.

What do the circles refer to?

Recessive gene.

What is the difference between a solid and empty symbol?

Solid mean there is a dominant gene. While empty symbol indicate there is a recessive gene.

What does the half-filled symbol denote?

Dominant gene is expressed over the recessive.

What feature(s) indicate that the pedigree is for an X-linked trait?

The inheritance of the trait is only expressed in the third generation. The second generation does not get the trait (half circle). 

Citation(s):
 Belforte, Fiorella S., et al. "Compound heterozygous DUOX2 gene mutations (c. 2335-1G> C/c. 3264_3267delCAGC) associated with congenital hypothyroidism. Characterization of complex cryptic splice sites by minigene analysis." Molecular and cellular endocrinology 419 (2016): 172-184.
3. In one experiment, Mendel crossed a pea plant that bred true for green pods with one that bred true for yellow pods. All of the F1 plants had green pods. What does it mean when an organism like Mendel's pea plants is true breeding? Which form of the trait (green or yellow pods) is dominant? Explain how you arrived at your conclusion; including the possible genotypes of the parents involved in the cross and those of the F1 generation.

The breeding is a true breeding since all the parents were homozygous for the color of pods. Parents had genotype GG for green color and YY for yellow. Resulting F1 generation had green pods with genotype GY.
Citation(s):
 Habier, David. "Improved molecular breeding methods." U.S. Patent Application No. 15/108,425.
4. What type of mutation has occurred in the DNA of people with sickle cell anemia? Look back, if you need to, to see what causes sickle cell.

Sickle cell anemia is a missesence mutation that occurs in beta-hemoglobin gene and rather than formation of glutamic acid a Valine is formed. The codon changes from CAG to GUG in the beta-hemoglobin gene. 

Citation(s):
Ware, Russell E., et al. "Sickle cell disease." The Lancet390.10091 (2017): 311-323.

DeWitt, Mark A., et al. "Selection-free genome editing of the sickle mutation in human adult hematopoietic stem/progenitor cells." Science translational medicine 8.360 (2016): 360ra134-360ra134.
5. A man who has type B blood and a woman who has type A blood could have children of which phenotypes? Explain your answer; be sure to consider what the possible genotypes are for both parents in your answer. 

A - Represent dominant gene in blood group A blood group
 B – Represent dominant allele in B blood group 
i – Represent recessive allele in O blood group  
Situation 1

Where a man has genotype (Ai) and the woman (Bi).

 Their resulting phenotypes have the following phenotypes: AB, Ai, Bi, ii. The resulting phenotypes will be= AB, A, B, O blood groups.

Situation 2 

Where a man has genotype (AA) and woman has genotype (BB).

The resulting offspring will have the following genotypes: 4 AB and all possible phenotypes will be AB, blood groups.
Citation(s): 

Bolnick, Deborah A., et al. "48. The Science and Business of Genetic Ancestry Testing." Beyond Bioethics: Toward a New Biopolitics (2018): 422.
6. Unattached earlobes are a dominant trait.  If A denotes the allele for unattached earlobes, and a denotes the allele for attached earlobes, what is (are) the possible genotype(s) of a person who has unattached earlobes?

Could both parents of a person with unattached earlobes have attached earlobes? Why or why not? Think about what the parent’s genotypes have to be.

Genotype can either be AA or Aa. Therefore, the parent can have offspring with unattached earlobes because their genotype can be heterozygous Aa.  

Citation(s):
 Powell, Britnie, et al. "An Introduction to HEREDITY PART 1." Science and Children 55.6 (2018): 36-41.
7.How are a locus, allele and a gene similar? How would you differentiate among these three terms?

The similarity of locus, allele and gene is that all contain genetic material. Locus is the location of a gene in a chromosome, allele is the alternative form of a gene and a gene is a region of DNA that codes for a functional product and is made up of nucleotides.
Citation(s):
 Govindaraj, Mahalingam, M. Vetriventhan, and M. Srinivasan. "Importance of genetic diversity assessment in crop plants and its recent advances: an overview of its analytical perspectives." Genetics research international 2015 (2015).
Robinson, James, et al. "The IPD and IMGT/HLA database: allele variant databases." Nucleic acids research 43.D1 (2014): D423-D431.
8. Explain what is meant by polygenic inheritance, pleiotropy, and human gene therapy. Provide an example of each.

Polygenic inheritance occurs when an inherited trait is controlled by two or more genes. Example is inheritance of skin color.
Pleiotropy is a condition where two unrelated traits are influenced by a single gene. Example is sickle cell anemia.
Human gene therapy is a correction procedure in a defective gene where it is replaced with a copy of a functional gene either ex vivo or in vivo. Example treatment of cystic fibriosis.
Citation(s): 

Legarra, Andrés, and Zulma G. Vitezica. "Genetic evaluation with major genes and polygenic inheritance when some animals are not genotyped using gene content multiple-trait BLUP." Genetics Selection Evolution 47.1 (2015): 89.
Niidome, T., and L. Huang. "Gene therapy progress and prospects: nonviral vectors." Gene therapy 9.24 (2002): 1647. Phdgeniousatgmailatcom
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