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Introduction:
Background: The phenotypic and genotypic ratios of alleles, phenotypes and genotypes can easily be predicted when the alleles have a dominant and a recessive form. A dominant phenotype is the phenotype that is expressed in the organism. This is caused by having one or two copies of the dominant allele. A recessive phenotype is when the organism expresses the recessive trait. The recessive trait is only expressed when the organism has both recessive alleles( Van der Veyver, 2008). These differences in alleles could be caused by autosomal mutations. Autosomal mutations are mutations in any of the chromosomes but not in the sex chromosomes (Mendelian Geetics).


Genotypes and Phenotypes can be predicted by mating parents with known genotypes. Mating is also commonly referred to as crossing. There are four types of crosses being done in this lab. Monohybrid crosses are when you cross organisms with different alleles at one genetic locus. A dihybrid cross is when the organisms have different alleles at two genetic loci and a trihybrid is when  the organisms have different alleles at three genetic loci. A testcross is done to figure out what the genotype of an organism is (Van der Veyver, 2008). This is done by crossing an organism with an unknown genotype with an organism that is homozygous for the recessive allele. The resulting phenotypes of the next generation indicate what the unknown parent has for a genotype and phenotype. All of these crosses obey Mendel's Laws which state that: 1) Alleles for each gene segregate from each other during gamete formation so that each gamete carries only one allele for each gene. 2) Genes for different traits can segregate independently of each other. 3) Some alleles are dominant and others are recessive and an organism with one dominant allele will express that trait (Mendelian Geetics).
Part 1: Predictions of monohybrid crosses

Predicted phenotypic ratio of the F1 generation :

Phenotype of parents : ♀ BW x ♂ + 


Genotype of parents: ♀ BWBW x ♂ ++ 

	♀ below


	♂ to the right
	+

	BW
	BW+


Predicted phenotypic ratio of F1- 1+ (wild)


Predicted phenotypic ratio of the F2 generation:

Phenotype of parents : ♀ +  x ♂ + 


Genotype of parents: ♀ BW+  x ♂ BW+ 

	♀ below
	♂ to the right
	BW
	+

	BW
	BWBW
	BW+

	+
	BW+
	++


Predicted phenotypic ratio of F2- 3(+) : 1(BW)
Dihybrid Cross
Question: What is the pattern of inheritance in a dihybrid cross that has one parent homozygous wild type for eye colour and homozygous recessive for body colour and the other parent has the opposite genotype?

Hypothesis: A cross between two parents with these genotypes outlined above will produce offspring according to Mendel's Laws of Inheritance .

Assumptions: 1) The wild allele is dominant.

2) Both parents are homozygous dominant for one trait and homozygous recessive for the other. This means the parent's are not both homozygous dominant for the same trait.

3) The gene is not sex-linked.

4)  None of the gene mutations cause death in the offspring.


Predicted phenotypic ratio of the F1 generation :

Phenotype of parents : ♀ BW, + x ♂ +, E 


Genotype of parents: ♀ BWBW, ++ x ♂ ++, EE

	♀ below
	♂ to the right
	+, E

	BW, +
	BW+, E+


Predicted phenotypic ratio of F1- 1 (+,+)


Predicted phenotypic ratio of the F2 generation:

Phenotype of parents : ♀ +,+  x ♂ +,+ 


Genotype of parents: ♀ BW+, E+  x  ♂ BW+, E+ 

	♀ below


	♂ to the right
	+,+
	+,E
	BW,+
	BW,E

	+,+
	++,++
	++,+E
	+BW,++
	+BW,+E

	+,E
	++,+E
	++,EE
	+BW,+E
	+BW,EE

	BW,+
	+BW,++
	+BW,+E
	BWBW,++
	BWBW,+E

	BW,E
	+BW,+E
	+BW,EE
	BWBW,+E
	BWBW,EE


Predicted phenotypic ratio of F2- 9 (+,+) : 3 (+,E) : 3 (BW,+) : 1 (BW,E) 
Trihybrid Cross
Question: What is the pattern of inheritance in a trihybrid cross with one parent homozygous wild type for eye colour, body colour and wing radius and the other parent has the opposite genotype?

Hypothesis: A cross between two parents with these genotypes outlined above will produce offspring according to Mendel's Laws of Inheritance .

Assumptions: 1) The wild allele is dominant.

2) One parent is homozygous dominant for all three traits and the other is homozygous recessive for all three traits.

3) The gene is not sex-linked.

4)  None of the gene mutations cause death in the offspring.


Predicted phenotypic ratio of the F1 generation :

Phenotype of parents : ♀ +, +, + x ♂ BW, E, SV 


Genotype of parents: ♀ ++, ++, ++  x ♂ BWBW, EE, SVSV

	♀ below
	♂ to the right
	BW, E, SV

	+, +, +
	BW+, E+, SV+


Predicted phenotypic ratio of F1- 1 (+,+,+)

Predicted phenotypic ratio of the F2 generation:

Phenotype of parents : ♀ +,+,+  x ♂ +,+,+ 


Genotype of parents: ♀ BW+, E+, SV+  x  ♂ BW+, E+,SV+

	♀ below
	♂ right
	+,+,+
	BW,+,+
	+,E,+
	+,+,SV
	BW,E,+
	BW,+,SV
	+,E,SV
	BW,E,SV

	+,+,+
	++,++,++
	+BW,++,++
	++,+E,++
	++,++,+SV
	+BW,+E,++
	+BW,++,+SV
	++,+E,+SV
	+BW,+E,+SV

	BW,+,+
	+BW,++,++
	BWBW,++,++
	+BW,+E,++
	+BW,++,+SV
	BWBW,+E,++
	BWBW,++,+SV
	+BW,+E,+SV
	BWBW,+E,+SV

	+,E,+
	++,+E,++
	+BW,+E,++
	++,EE,++
	++,+E,+SV
	+BW,EE,++
	+BW,+E,+SV
	++,EE,+SV
	+BW,EE,+SV

	+,+,SV
	++,++,+SV
	+BW,++,+SV
	++,+E,+SV
	++,++,SVSV
	+BW,+E,+SV
	+BW,++,SVSV
	++,+E,SVSV
	+BW,+E,SVSV

	BW,E,+
	+BW,+E,++
	BWBW,+E,++
	+BW,EE,++
	+BW,+E,+SV
	BWBW,EE,++
	BWBW,+E,+SV
	+BW,EE,+SV
	BWBW,EE,+SV

	BW,+,SV
	+BW,++,+SV
	BWBW,++,+SV
	+BW,+E,+SV
	+BW,++,SVSV
	BWBW,+E,+SV
	BWBW,++,SVSV
	+BW,+E,SVSV
	BWBW,+E,SVSV

	+,E,SV
	++,+E,+SV
	+BW,+E,+SV
	++,EE,+SV
	++,+E,SVSV
	+BW,EE,+SV
	+BW,+E,SVSV
	++,EE,SVSV
	+BW,EE,SVSV

	BW,E,SV
	+BW,+E,+SV
	BWBW,+E,+SV
	+BW,EE,+SV
	+BW,+E,SVSV
	BWBW,EE,+SV
	BWBW,+E,SVSV
	+BW,EE,SVSV
	BWBW,EE,SVSV


Predicted phenotypic ratio of F2- 

27(+,+,+) : 9(BW,+,+) : 9(+,E,+) : 9(+,+,SV) : 3(BW,E,+) : 3(BW,+,SV) : 3(+,E,SV) : 1(BW,E,SV)
Part 2: Testcross
Question: What is the genotype of  the female parent that came from the F1 generation, has phenotype (+,+) and is crossed with a male that is homozygous recessive for both body colour and wing radius?

Hypothesis: A cross between the two parents will produce an F2 generation and if the F2 generation has any offspring that have a recessive phenotype of either trait then that means the mother was heterozygous for both traits. If there are no recessive phenotypes in F2 then that means that the mother was homozygous dominant for both body colour and wing radius.

Assumptions: 1) The wild allele is dominant.

2) Male parent is homozygous recessive for both traits and the female is either heterozygous for both traits or homozygous dominant for both traits.

3) The gene is not sex-linked.

4)  None of the gene mutations cause death in the offspring.

Predicted phenotypic ratio of the F2 generation:


Phenotype of parents : ♀ +, +  x ♂ RI, BL


Genotype of parents: ♀ (Unknow) x ♂ RIRI, BLBL
Punnett Square 1 (Assuming female is heterozygous)
	♀ below

Phenotype: +,+

Genotype: +RI,+BL
	♂ to the right

Phenotype: RI,BL

Genotype: RIRI,BLBL
	RI,BL

	+,+
	+RI,+BL

	+,BL
	+RI,BLBL

	RI,+
	RIRI,+BL

	RI,BL
	RIRI, BLBL


Predicted ratio of F2- 1 (+,+): 1 (+,BL): 1(RI,+): 1(RI,BL)
Punnett Square 2 (Assuming female is homozygous dominant)
	♀ below

Phenotype: +,+

Genotype: ++,++
	♂ to the right

Phenotype: RI,BL

Genotype: RIRI,BLBL
	RI,BL

	+,+
	+RI,+BL


Predicted ratio of F2-  1 (+,+)
Experimental Design

This experiment will be carried out using the computer software Flylab. Using this software we will create bugs with a particular genotype and phenotype and then cross those bugs as well as a pair from their offspring in order to observe the patterns of inheritance of a mono-, di- and a trihybrid hybrid cross. Finally, we will use Flylab to determine the unknown genotype of a parent who is dihybrid crossed with one who is homozygous recessive for both traits.
Results:
Table 1. This table shows the predicted and observed ratios for the mono-, di-, and trihybrid crosses as well as the chi-square analysis for each of those. The null hypothesis was accepted for all of the crosses and the predicted ratios were quite close to the observed ones which shows the accuracy of the experiment. 
Table 2. The results of the testcross showed that the unknown female's genotype was in fact heterozygous for both traits which accounts for how there were recessive traits in her offspring. The chi-square analysis also showed that the null hypothesis was not to be rejected which means that the initial predictions were correct. 
Table 1. Predicted and Observed Ratios of Eye Colour, Bristles, and Body Colour of Flies in Flylab as well as their Chi-Square Analyses for a Mono-, Di-, and Trihybrid Cross.
	Cross Type
	Cross

(♀ x ♂) 
	n
	Predicted Ratio
	Observed Ratio
	Total 

X2
	DF
	p
	H0

	Mono-hybrid
	P(BW) x P(+)
	9920
	1 (+)
	1 (+)
	-
	-
	-
	-

	
	F1(+) x F1(+)
	9918
	3(+):1(BW)
	2.99(+):

1(BW)
	0.03
	1
	0.87
	Accepted

	Di-hybrid
	P(BW,+) x P(+,E)
	10108
	1 (+)
	1 (+)
	-
	-
	-
	-

	
	F1(+,+) x F1(+,+)
	10059
	9(+,+): 3(+,BW):3(E,+): 1(BW,E)
	9.26(+,+): 3.11(+,BW):

3.10(E,+): 1(BW,E)
	0.63
	3
	0.89
	Accepted

	Tri-hybrid
	P(+,+,+) x P(BW,E,SV)
	9909
	1 (+)
	1 (+)
	-
	-
	-
	-

	
	F1(+,+,+) x F1(+,+,+)
	9938
	27(+,+,+) :9(BW,+,+) :9(+,E,+) :9(+,+,SV): 3(BW,E,+) :3(BW,+,SV):

3(+,E,SV): 1(BW,E,SV)
	25.55(+,+,+) :8.61(BW,+,+) :8.09(+,E,+) :8.67(+,+,SV): 2.87(BW,E,+) :2.85(BW,+,SV):

2.95(+,E,SV): 1(BW,E,SV)
	5.40
	7
	0.61
	Accepted


Table 2. Predicted and Observed Ratios of a Testcross of  Body Colour and Wing Radius of Flies in Flylab as Well as a Chi-Square Analysis.
	Cross Type
	Cross

(♀ x ♂) 
	n
	Predicted Ratio
	Observed Ratio
	Total 

X2
	DF
	p
	H0

	Test Cross
	P(+,BL) x P(RI,+)
	9994
	1 (+)
	1(+)
	-
	-
	-
	-

	
	F1(+,+) x B(RI,BL)
	9967
	1(+,+):

1(RI,+):

1(+,BL):

1(RI,BL)
	1(+,+):

1.02(RI,+):

1.03(+,BL):

1.02(RI,BL)
	0.90
	3
	0.82
	Accepted
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Appendix
	Phenotype
	+,+
	+,E
	BW,+
	BW,E
	Total

	Observed Value
	5657  
	1900
	1891
	611
	

	Expected Value
	5658
	1886
	1886
	 629
	

	Obs - Exp 
	-1
	4
	4
	-18
	

	(Obs – Exp)2 
	1
	16
	16
	342
	

	(Obs – Exp)2 /Exp
	0.00018
	0.0085
	0.0085
	0.54
	0.56


