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Mendelian Genetics and Punnett Squares Notes

________________ – the scientific study of _____________(or how traits are passed from parents to offspring.)
“Father of Genetics” – ______________________, an Austrian monk who bred thousands of plants and recorded the results, correctly predicted the results of meiosis, before chromosomes were ever discovered.

Mendel used ______________ plants, plants that were genetically uniform and identical to the parent plant (because of self-pollination) and introduced pollen from plants with specific characteristics (like shape, color, height) to test dominance.

Mendel looked at 7 simple “either or” pea plant traits; seed shape, seed color, seed coat color, pod shape, pod color, flower position, and plant height.  These traits are expressed as tall or short; round or wrinkled; there is no blending or intermediate trait.  

A ______________ is a specific characteristic that varies from one individual to another.  Hair color, skin color, height, and blood type would all be examples of traits.

In genetics, the mating of two organisms is called a ______________.

Mendel would cross purebred parents with different traits and call the offspring ‘______________.’  Hybrids are the offspring of genetically dissimilar parents. 

Law of Segregation 

Mendel’s first generation of hybrid offspring, or ______________________, had the traits of only one parent (P).  The other seemed to disappear.  All the offspring always seem to look like just one parent.  He could match 100 green and yellow pea plants and all the offspring were always yellow.  

“Mendel’s First Law” or the ________________________ states: 

Organisms inherit ______________ of each gene.  One from each parent.

Genes are the ________________________________________.  They are sections of DNA that are instructions for specific proteins. 

Alleles 

Most genes exist in many forms.  In Mendel’s experiments, these different forms, or “______________,” were easy to see (round or wrinkled, yellow or green, etc.).  

An allele is a ________________________________________________________.

For example, Mendel bred either tall or short plants.  
· The TRAIT is plant HEIGHT 
· The ALLELES are the gene options - tall and short. 

Your cells have ______________for each gene, one on each of the homologous chromosomes on which that gene is found.  Each parent ____________________________. 

Homozygous & Heterozygous

The two alleles may be the same, or they may be different.

The term homozygous means ____________________________________________________. 

They can both be recessive or both be dominant. Example: HH or hh
The term heterozygous means ___________________________________________________. 

One dominant and one recessive. Example: Hh
Dominant vs. Recessive  
The ____________________________ states that some alleles are dominant and others are recessive.  This was concluded based on Mendel’s observation of never seeing green peas and having one parents’ trait mask the others in his first set of crosses.

Dominant - a dominant allele is __________________________________________. 
· If the dominant allele is present, we WILL SEE that trait.

· It is written as a capital letter. 
· The tall allele for pea plants is dominant, so we call it H. 
· With complete dominance, the dominant allele “dominates” the recessive allele, so even if the recessive allele is present, it is hidden by the dominant allele. 
Recessive - a recessive allele is ______________________________________________

____________________________. 
· Only if TWO recessive alleles are present, will we see that trait.

· It is written as a lower case letter
· The letter is the SAME letter as the dominant allele.  
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In the plant height example, the short allele gets masked by the tall allele so we call it h.  (Not lower case s!)
Genotype vs. Phenotype

All tall type plants have the same phenotype.  

Phenotype is the __________________________________________.  

It is how you Physically look.  PHenotype = PHysical
Example: Tall or Short 
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Plants with the same phenotype do not always have the same genotype.

Genotype is __________________________________________.
It is the combination of your alleles. 

Example : HH, Hh, or hh 

PUNNETT SQUARES

A punnett square is a diagram that can be used to _____________________________________

___________________________________________________________________________. 

It does not tell us exactly what will happen, but helps us determine probability (what could happen).  

For instance, a Punnett Square would always predict that if a family had 4 children, half would be boys and half would be girls.  That is the ‘most likely’ outcome.  However, how many of you know families with 4 girls or 4 boys? Probability is only a prediction- not reality!

Monohybrid Crosses
Monohybrid Crosses only look at a ________________​​​​______.  So we are looking at one set of alleles on one specific gene.  
Example: Would the F1 Generation pea shape be ROUND or WRINKLED? 
Step 1: Draw 4 boxes
Draw a box and divide it into 4 squares.  These squares represent the possible alleles for the offspring.  Since each parent can have 2 different gametes to offer (like A or a - round or wrinkled), there are a maximum of 4 combinations.  So we always use 4 boxes. 

Step 2: Work out the Parents’ Gametes
First, determine the parent genotypes. The problem may or may not tell you this. 
We are crossing a homozygous dominant male with a homozygous recessive female. 
	
	

	
	


_____    X   _____    



  male
         female
Make a key: 
AA =
________
(homozygous dominant)


Aa =
________
(heterozygous dominant)


aa = 
________
(homozygous recessive)
Step 3: Cross the Alleles into the Boxes
Copy each single male allele down into the boxes 
directly below them (each one repeated its own column).

Next, copy each female allele into the boxes 
directly to the right (stay in the same column).

Each potential offspring box should have one allele from the male and one allele from the female.
Step 4: Work on Genotypes and Phenotypes
Now determine which phenotypes are possible and what the genotypes of the offspring would be.

Write the phenotype in each box, if you have room. 

Conclusion - There is a 100% chance of the offspring being heterozygous for the trait because all 4 out of 4 have a dominant and recessive allele (1 capital and 1 lowercase letter).

Genotypic Ratios

How many homozygous dominants? How many ______________? How many homozygous recessives?

Examples:

____ Tt (aka ____% Tt)

____TT: ____Tt (____%TT: ____%Tt)

____TT: ____Tt: ____tt (____% TT: ____%Tt: ____% tt)

Phenotypic Ratios 

How many dominant phenotypes, how many recessive phenotypes?

Examples:

____ Tall (or ____% Tall)

____ Tall: ____ Short (____% Tall, ____% Short)

____ Tall: ____ Short (____% Tall, ____% Short)

Dihybrid Crosses

In dihybrid crosses, instead of only looking at one trait at a time, we are actually looking at _______ traits.  

For Example:  We could look at whether peas are Green or Yellow AND whether they are Round or Wrinkled.  In this case, we have a lot more possible phenotypes since peas could be:

· Green and Round 



· Green and Wrinkled 
· Yellow and Round 
· Yellow and Wrinkled  

Dihybrid crosses are more complicated but start to give us a better understanding of how such diversity in our environment is created. 

When we look at dihybrid crosses, we use Punnett Squares that have ____ boxes. 

Step 1: Draw 16 boxes

Draw a box and divide it into 16 squares.  These squares represent the possible genotypes in the offspring. Although there are ______________________________in a dihybrid cross, there are __________________________ (some of them will repeat). 
Each parent can only give ONE ALLELE FOR EACH TRAIT. But there are actually up to FOUR different allele combinations in the gametes.  

Step 2: FOIL the parents

The next step is to work out what the genotypes of the parents are and then what gamete combinations those genotypes can make.

To do that we use the foil method which like in math, stands for: FIRST OUTSIDE INSIDE LAST
Example: A for yellow is dominant over a for green and B for round is dominant over b for wrinkled.   
KEY:
AA – dominant – yellow

BB – dominant - round
Aa – dominant – yellow

Bb – dominant - round

Aa – recessive – green

bb – recessive - wrinkled

One parent is: AaBB – Parent Phenotype is _____________________

To work out the FOUR possible allele combinations, we take:  





The FIRST of each letter - ______ 




The OUTSIDE letters - ______



The INSIDE letters - ______



The LAST of each letter - ______
Sometimes like in this example, 2 of the 4 may be the same.  Always use FOIL and work out 4 gametes, because you need 4 for the Punnett Square.  

Another FOILING Example

If the second parent in our example is:  AaBb – Parent Phenotype is _____________________

The FIRST of each allele (letter) is ______

The OUTSIDE alleles (letters) are ______

The INSIDE alleles (letters) are ______

THE LAST of alleles (letters) are ______
Step 3: Put Gametes on top of Punnett Square
Write the alleles for the male gametes on top of the columns. 

Parent 1 alleles: AB, AB, aB, aB
Write the alleles for the female gametes to the left of the rows.

Parent 2 alleles: AB, Ab, aB, ab
You should always have TWO DIFFERENT letters above each box! 

Example: one a and one b, never aa/AA/Aa or bb/BB/Bb!

Step 4: Cross the Alleles into the Boxes

Complete just like a monohybrid cross.  Fill each box with the letters at the top of its column and to the left of its row.

Record the alleles for each trait together – in other words, write each letter pair next to its corresponding allele. 

CORRECT: AABB
INCORRECT: ABAB
Step 5: Work out Genotype and Phenotype Ratios

Once you know the genotypes, you can work out and record the phenotypes.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



KEY:


AA – dominant – yellow

Aa – dominant – yellow


Aa – recessive – green


BB – dominant - round
Bb – dominant - round
bb – recessive - wrinkled


Genotype Ratios involve careful counting as it is easy to miss one combination. Just always add at the end and make sure you get 16!  

______ AABB : ______ AaBB : ______ AABb : ______ AaBb : ______ aaBB : ______ aaBb
The phenotype ratios are easier since there are fewer trait combinations.

______Yellow Round: ______ Green Round
FOIL Practice:

AABB



· F - 

· O - 

· I –

· L - 

AaBb

· F –

· O - 

· I – 

· L - 
  

aaBb

· F - 

· O - 

· I - 

· L - 
List all of the DIFFERENT Gamete combinations:

Rrtt



· F - 

· O - 

· I –

· L - 

RRtt

· F –

· O - 

· I – 

· L - 
  

RRTt

· F - 

· O - 

· I - 

· L - 
List all of the DIFFERENT Gamete combinations:

In Unicorns, horns are a recessive trait (h) and having no horn is dominant (H).  Also, purple eyes are recessive (e), while brown eyes are dominant (E).  Fill out the key below and then complete the cross for a male unicorn that is heterozygous for both traits and a female unicorn that is homozygous recessive for both traits.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Key:

HH – 

Hh – 

hh – 

EE – 

Ee – 

ee – 

Parent Genotypes:
________
X 
________

Male


Female

Possible Gametes: 

(Use FOIL)

F – 


F - 

O – 


O - 

I – 


I - 

L – 


L - 




Phenotypic Ratio: _________________________________________

Genotypic Ratio:  _________________________________________

PARENT 1 GAMETES





PARENT 2 GAMETES











