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Introduction
Monohybrid, dihybrid and trihybrid crosses can be performed in order to study the inheritance patterns of various traits. A monohybrid cross is done by mating two individuals with two different alleles at a single locus. (Perin S et al., 2016). Dihybrid and trihybrid crosses are crosses that involve two individuals that differ in two and three contrasting traits, and that have alleles at two and three genetic loci of interest, respectively (Klug et al. 2015). A test cross is one that can be performed to determine the genotype of an F1 generation with a dominant phenotype. An organism displaying a dominant phenotype, that has the unknown genotype, is crossed with another organism that is homozygous recessive for that same trait. If all offspring exhibit dominant phenotypes, it is evident the genotype is homozygous dominant, however, should both dominant and recessive phenotypes be present, it is evident the organism is heterozygous (Perin S et al., 2016). 
Dominance and recessiveness are not allelic properties; they are effects that can only be measured in relation to the effects of other alleles at the same locus (Miko, 2008). An allele is defined as recessive if its phenotypic expression is overridden by the presence of a dominant allele in a heterozygote. Contrarily, an allele is dominant if its phenotypic expression takes precedence in a heterozygote. Thus, a dominant phenotype occurs if the organism is homozygous dominant or heterozygous, and a recessive phenotype only occurs if the organism is homozygous recessive. Crosses will be done with different alleles for traits of autosomal mutations, which are mutations found on autosomal chromosomes, or chromosomes that are not the sex chromosomes, and are thus independent of the sex (Klug et al., 2016). With this understanding we move to Mendel’s laws; Mendel’s first law is the law of segregation: during gamete formation, the alleles for each gene segregate from each other so that each gametes carries only one allele for each gene. The second law, the law of independent assortment, states that genes for different traits can segregate independently during the formation of gametes. The third law is the law of dominance which states that some alleles are dominant while others are recessive; an organism with at least one dominant allele will display the effect of the dominant allele (O’Neil, 2013). 
Part 1: Monohybrid Cross

Phenotype of parents: 	♀+ 	x	 ♂RI    Genotype of parents: 	♀++ 	x	 ♂RIRI
RI = Radius Incompletus Wings,  + = Wild type 

	                                                                ♂
♀ 
	RI

	+
	RI+


Predicted phenotypic ratio of F1:  1+ or 100% + 

F1 cross: Phenotype: ♀+ 	x	 ♂+  	Genotype: ♀RI+ 	x 	♂+RI

	                                          ♀
♂     
	RI
	+

	RI
	RIRI
	RI+

	+
	RI+
	++


Predicted phenotypic ratio of F2: 3+: 1RI or 75% wild, and 25% mutant RI

Di-hybrid cross

Question: What is the pattern of inheritance in a di-hybrid cross?
Hypothesis: A cross between two parents that have different alleles for two different genes will produce offspring that follow Mendel’s first law of segregation and second law of independent assortment. 
Assumptions: (1) Both parents are pure-bred, being homozygous for the trait. (2) The wild type allele is always dominant over the mutant allele. (3) The genes for the traits are not sex-linked. (4) The alleles for each trait are not genetically linked.
Phenotype of parents: ♀BW,+ x 	♂RI,+   Genotype of parents: ♀BWBW, ++ 	x        ♂++, RIRI

RI = Radius Incompletus Wings, BW = Brown Eyes, + = Wild type 

	                                                                ♂
♀ 
	+, RI

	BW, +
	RI+, BW+


Predicted phenotypic ratio of F1: 1 +,+  or  100% + 

F1 Cross: Phenotype: 	♀+,+	 x	 ♂+,+  	Genotype: ♀BW+, RI+      x      ♂BW+, RI+

	                     ♂
♀
	BW, RI
	BW, +
	+, RI
	+, +

	BW, RI
	BWBW, RIRI
	BWBW, RI+
	BW+, RIRI
	BW+, RI+

	BW, +
	BWBW, RI+
	BWBW, ++
	BW+, RI+
	BW+, ++

	+, RI
	BW+, RIRI
	BW+, RI+
	++, RIRI
	++, RI+

	+, +
	BW+, RI+
	BW+, ++
	++, RI+
	++, ++


Predicted phenotypic ratio of F2 generation: 9+ : 3RI : 3BW : 1BW,RI 

Tri-hybrid Cross

Question: What is the pattern of inheritance in a tri-hybrid cross?
Hypothesis: A cross between two parents that have different alleles for three separate genes will produce offspring that follow to Mendel’s first law of segregation and second law of independent assortment.
Assumptions: (1) Both parents are pure-bred, being homozygous for the trait. (2) The wild type allele is always dominant over the mutant allele. (3) The genes for the traits are not sex-linked. (4) The alleles for each trait are not genetically linked.
Phenotype of parents: ♀+,+,+ x ♂RI, BW, SV  Genotype of parents: (♀++, ++, ++ x ♂RIRI, BWBW, SVSV

RI = Radius Incompletus Wings, BW = Brown Eyes, SS = Shaven Bristles,+ = Wild type 

	                                                                ♂
♀ 
	C, E, SV

	+, +, +
	RI+, BW+, SV+


Predicted phenotypic ratio of F1: 1+ or 100% +

Phenotype of parents: ♀+, +, + x ♂ +, +, + Genotype of parents:  ♀RI+, BW+, SV+ x ♂RI+, BW+, SV+

	             ♂ ♀
	RI,+,+
	RI,+,SV
	RI,BW,+
	RI,BW,SV
	+,+,+
	+,+,SV
	+,BW,+
	+,BW,SV

	RI,+,+
	RIRI, ++, ++
	RIRI, ++, SV+
	RIRI, BW+, ++
	RIRI, BW+, SV+
	RI+, ++, ++
	RI+, ++, SV+
	RI+, BW+, ++
	RI+, BW+, SV+

	RI,+,SV
	RIRI, ++, SV+
	RIRI, ++, SVSV
	RIRI, BW+, SV+
	RIRI, BW+, SVSV
	RI+, ++, SV+
	RI+, ++, SVSV
	RI+, BW+, SV+
	RI+, BW+, SVSV

	RI,BW,+
	RIRI, BW+, ++
	RIRI, BW+, SV+
	RIRI, BWBW, ++
	RIRI, BWBW, SV+
	RI+, BW+, ++
	RI+, BW+, SV+
	RI+, BWBW, ++
	RI+, BWBW, SV+

	RI,BW,SV
	RIRI, BW+, SV+
	RIRI, BW+, SVSV
	RIRI, BWBW, SV+
	RIRI, BWBW, SVSV
	RI+, BW+, SV+
	RI+, BW+, SVSV
	RI+, BWBW, SV+
	RI+, BWBW, SVSV

	+,+,+
	RI+, ++, ++
	RI+, ++, SV+
	RI+, BW+, ++
	RI+, BW+, SV+
	++, ++, ++
	++, ++, SV+
	++, BW+, ++
	++, BW+, SV+

	+,+,SV
	RI+, ++, SV+
	RI+, ++, SVSV
	RI+, BW+, SV+
	RI+, BW+, SVSV
	++, ++, SV+
	++, ++, SVSV
	++, BW+, SV+
	++, BW+, SVSV

	+,BW,+
	RI+, BW+, ++
	RI+, BW+, SV+
	RI+, BWBW, ++
	RI+, BWBW, SV+
	++, BW+, ++
	++, BW+, SV+
	++, BWBW, ++
	++, BWBW, SV+

	+,BW,SV
	RI+, BW+, SV+
	RI+, BW+, SVSV
	RI+, BWBW, SV+
	RI+, BWBW, SVSV
	++, RI+, SV+
	++, BW+, SVSV
	++, BWBW, SV+
	++, BWBW, SVSV


Predicted phenotypic ratio of F2: 27+ : 9RI : 9BW : 9SV : 3 RI,BW : 3 RI,SV : 3 BW,SV: 1 RI,BW,SV 

Testcross

Question: What is the genotype of a F1 offspring? 
Hypothesis: A cross between a homozygous recessive mutant for both traits and the F1 offspring that is phenotypically wild type will result in a heterozygous mutant.

Assumptions: (1) Both parents are pure-bred, being homozygous for the trait. (2) The wild type allele is always dominant over the mutant allele. (3) The genes for the traits are not sex-linked. (4) The alleles for each trait are not genetically linked.
Predictions:
1) Predicted phenotypic ratio of the F2 generation, heterozygous F1
Phenotype of ♀ parent F1 and homozygous recessive ♂: ♀ +, + x ♂ C, SS
Genotype of ♀ parent F1 and homozygous recessive ♂: ♀ C+, EE+ x ♂ CC, SSSS
	                                                                   ♂
♀
	C, SS

	C, +
	CC, SS+

	C, SS
	CC, SSSS

	+, SS
	C+, SSSS

	+, +
	C+, SS+



Predicted phenotypic ratio of F2: 1 C : 1 C;SS : 1 SS : 1 +

2) Predicted phenotypic ratio of the F2 generation, homozygous dominant F1
Phenotype of ♀ parent F1 and homozygous recessive ♂: ♀ +, + x ♂ C, SS
Genotype of ♀ parent F1 and homozygous recessive ♂:  ♀ ++, ++ x ♂ CC, SSSS
	                                                                   ♂
♀
	C, SS


	+, +
	C+, SS+



Predicted phenotypic ratio of F2: 1 +

Monohybrid, dihybrid, and trihybrid fruit fly crosses were conducted on FlyLab. First, the F1 generation were created with the intent of producing purely heterozygote offspring, which were then crossed to produce the F2 generation. A testcross was also performed in FlyLab to determine the genotype of an F1 generation of dominant phenotype, by crossing the F1 generation with a homozygous recessive individual. The phenotypic ratios of the F2 generation were then experimentally determined, and tested against the predicted ratios using the Chi-square goodness of fit test to determine its validity as the pattern of inheritance for the monohybrid, dihybrid, and trihybrid crosses, along with the genotype of the F1 generation in the testcross (Perin et al., 2016).

Results

Table 1: Results for the monohybrid, dihybrid, and trihybrid crosses conducted on the computer simulation FlyLab for sample size n. Phenotypic traits are presented in parentheses.The first cross shows the parental alleles, and the following cross is of the F1 generation. Results of Chi-square (X2) tests are displayed, along with degrees of freedom (DF), probability (p), and the acceptance or rejection of the null hypothesis (H0) based on the critical Chi-square value of p=0.05.

	Cross Type
	Cross (♀ x ♂)
	Predicted Ratio
	Observed Ratio
	Total X2
	DF
	p
	H0

	Monohybrid
	P(RIa) x P(+b)

	1:1 +
	100% +
	-
	-
	-
	-

	
	F1(+) x F1(+)

	3:1
	3:1
	0.5673
	1
	0.45
	Accept

	Dihybrid
	P(RI, +) x P(+, BWc)

	1:1:1:1 +
	1:1:1:1+
	-
	-
	-
	-

	
	F1(+, +) x F1(+, +)

	9:3:3:1
	9:3:3:1
	1.6814
	3
	0.64
	Accept

	Trihybrid
	P(+, +, +) x P(RI, BW, SVd)

	1:1:1:1:1:1:1:1 +
	1:1:1:1:1:1:1:1 +
	-
	-
	-
	-

	
	F1(+, +, +) x F1(+, +, +)

	27:9:9:9: 3:3:3:1
	24.7:8.1:8.5:8.1: 2.5:2.7:2.8 :1
	0.3608
	7
	0.95
	Accept


a Radius Incompletus Wings, b Wild Type, c Brown Eyes, d Shaven Bristles

Table 2: Predicted and observed ratios of the testcross for the F1 generation conducted on the computer simulation FlyLab for sample size n. Phenotypic traits are presented in parentheses. Results of Chi-square data (X2) tests are displayed, along with degrees of freedom (DF), probability (p), and the acceptance or rejection of the null hypothesis (H0) based on the critical Chi-square value of p=0.05.

	Testcross (♀ x ♂)
	Predicted ratio
	Observed Ratio
	Total X2
	DF
	p
	H0

	F1 (+, +) x P (Ca, SSb)
	1:1:1:1
	1:1:1:1
	0.3608
	3
	0.9482
	Accepted


a Curved Wings, b Spineless Bristles
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Appendix: 

	Phenotype
	+,+
	 BW,+
	+, RI
	BW,RI
	Total

	Observed Value
	5556
	1828
	1876
	591
	9851

	Expected Value
	5541.1744
	1847.0581
	1847.0581
	615.71
	9851

	Obs - Exp
	14.8256
	-19.0581
	28.9419
	-24.71
	-

	(Obs – Exp)2
	219.7984
	363.21112
	837.63357
	610.58
	-

	(Obs – Exp)2 Exp
	0.03967
	0.19664
	0.453496
	[bookmark: _GoBack]0.992
	1.6814


Table 3: Chi-square (X2) calculation for the F2 generation of a dihybrid cross. Traits include Wild Type (+), Radius Incompletus Wings (RI), and Brown Eyes (BW).



Raw Results 

		

Monohybrid Cross
   
        Flylab Lab Notes for Lise Belanger                   
--------------------------------------------------------------------------
                          Results of Cross #1    - F1 Generation                       
                              Ignoring Sex                              

                                Parents                                 

                        (Female: +) x (Male: RI)                        

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                        10049     1.0000      1.000    
 Total                                  10049 

--------------------------------------------------------------------------
                          Results of Cross #2      - F2 Generation                     
                              Ignoring Sex                              

                                Parents                                 

                        (Female: +) x (Male: +)                         

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         7480     0.7533      3.053    
RI                                        2450     0.2467      1.000    
 Total                                   9930 


Dihybrid Cross
                   Flylab Lab Notes for Lise Belanger                   
--------------------------------------------------------------------------
                          Results of Cross #1          - F1 Generation            
                              Ignoring Sex                              

                                Parents                                 

                       (Female: BW) x (Male: RI)                        

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                        10017     1.0000      1.000    
 Total                                  10017 

--------------------------------------------------------------------------
                          Results of Cross #2       - F2 Generation                    
                              Ignoring Sex                              

                                Parents                                 

                        (Female: +) x (Male: +)                         

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         5556     0.5640      9.401    
BW                                        1828     0.1856      3.093    
RI                                        1876     0.1904      3.174    
BW;RI                                      591     0.0600      1.000    
 Total                                   9851 

Chi Square Hypothesis Using Cross #2                  
                              Ignoring Sex                              

     Phenotype       Observed   Hypothesis   Expected   Chi-Square Term
+                          5556  5541.0000   5541.1744       0.0397
BW                         1828  1847.0000   1847.0581       0.1966
RI                         1876  1847.0000   1847.0581       0.4535
BW;RI                       591   615.6900    615.7094       0.9916
Total                      9851  9850.6900   9851.0000       1.6814

Chi-Squared Test Statistic = 1.6814
Degrees of Freedom = 3
Level of Significance = 0.6411
Recommendation: Do not reject your hypothesis


Trihybrid Cross

                   Flylab Lab Notes for Lise Belanger                   
--------------------------------------------------------------------------
                          Results of Cross #1        - F1 Generation                   
                              Ignoring Sex                              

                                Parents                                 

                     (Female: +) x (Male: SV;BW;RI)                     

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         9971     1.0000      1.000    
 Total                                   9971 

--------------------------------------------------------------------------
                          Results of Cross #2       - F2 Generation                    
                              Ignoring Sex                              

                                Parents                                 

                        (Female: +) x (Male: +)                         

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         4193     0.4202     24.665    
SV                                        1379     0.1382      8.112    
BW                                        1441     0.1444      8.476    
SV;BW                                      479     0.0480      2.818    
RI                                        1383     0.1386      8.135    
SV;RI                                      453     0.0454      2.665    
BW;RI                                      480     0.0481      2.824    
SV;BW;RI                                   170     0.0170      1.000    
 Total                                   9978 

--------------------------------------------------------------------------
                  Chi Square Hypothesis Using Cross #2                  
                              Ignoring Sex                              

     Phenotype       Observed   Hypothesis   Expected   Chi-Square Term
+                          4193  4198.5800   4198.5842       0.0074
SV                         1379  1376.8600   1376.8614       0.0033
BW                         1441  1444.8600   1444.8614       0.0103
SV;BW                       479   475.9500    475.9505       0.0195
RI                         1383  1376.8600   1376.8614       0.0274
SV;RI                       453   458.9500    458.9505       0.0771
BW;RI                       480   475.9500    475.9505       0.0345
SV;BW;RI                    170   169.9800    169.9802       0.0000
Total                      9978  9977.9900   9978.0000       0.1796

Chi-Squared Test Statistic = 0.1796
Degrees of Freedom = 7
Level of Significance = 1.0000
Recommendation: Do not reject your hypothesis



Testcross

                   Flylab Lab Notes for Lise Belanger                   
--------------------------------------------------------------------------
                          Results of Cross #1     - F1 Generation                        
                              Ignoring Sex                              

                                Parents                                 

                        (Female: C) x (Male: SS)                        

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         9976     1.0000      1.000    
 Total                                   9976 

--------------------------------------------------------------------------
                          Results of Cross #2     
 -Female F1, Male recessive                   
                              Ignoring Sex                              

                                Parents                                 

                       (Female: +) x (Male: SS;C)                       

                               Offspring                                

            Phenotype                   Number   Proportion    Ratio    
+                                         2515     0.2515      1.016    
SS                                        2476     0.2476      1.000    
C                                         2510     0.2510      1.014    
SS;C                                      2499     0.2499      1.009    
 Total                                  10000 

--------------------------------------------------------------------------
                  Chi Square Hypothesis Using Cross #2                  
                              Ignoring Sex                              

     Phenotype       Observed   Hypothesis   Expected   Chi-Square Term
+                          2515  2500.0000   2500.0000       0.0900
SS                         2476  2500.0000   2500.0000       0.2304
C                          2510  2500.0000   2500.0000       0.0400
SS;C                       2499  2500.0000   2500.0000       0.0004
Total                     10000 10000.0000  10000.0000       0.3608

Chi-Squared Test Statistic = 0.3608
Degrees of Freedom = 3
Level of Significance = 0.9482
Recommendation: Do not reject your hypothesis

--------------------------------------------------------------------------
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