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Genetics 1C - Isolating Canine DNA
Genetics 1A - Basic Genetics
Objectives
· understand the roles of genes in the inheritance of physical traits

· understand the differences between the genotype and phenotype of an individual

· learn how to use Punnet Squares to determine the probable outcomes from specific parental matings

· analyze different patterns of inheritance based on the alleles inherited by an individual

· determine the patterns of inheritance of genes linked to various diseases

Background Information
The inheritance of physical traits by biological organisms is a fascinating phenomenon. Every human inherits specific genes from their parents. These genes play a crucial role in determining many of our physical traits, from the color of our eyes and length of our nose, to different kinds of disease.

A gene is a stretch of the DNA molecule that provides the information to make a particular protein. A gene is a blueprint to make that protein. For every protein in our body, there is a gene located on one of the 23 human chromosomes that provides instructions to make that particular protein. There are thousands of genes on each of the 23 human chromosomes, each gene encoding the information to make one particular protein.

Since humans are sexually reproducing organisms, we inherit 23 chromosomes from our mother and 23 chromosomes from our father. Thus, every person inherits two versions of each gene - one from the mother and one from the father. Thus, we inherit two sets of instructions for each protein in our body. [The 23rd pair are actually the sex chromosomes - X and Y. Females have two X chromosomes (XX) and males have one X and one Y (XY).]

A gene for one particular protein may have more than one form. Thus, it is possible for a person to inherit two slightly different instructions for making the same protein. Different versions of the same gene coding for a particular protein are called alleles of that gene.

The hemoglobin gene, which is the blueprint for making the hemoglobin protein of red blood cells, provides a good example of a gene that has two different alleles. One allele of the hemoglobin gene (which we will label AS@) provides the instructions to make a normal hemoglobin protein. Another allele for the hemoglobin gene (which we will label As@) provides instructions to make an abnormal hemoglobin which can cause an illness. A person who inherits two normal alleles (SS) will have normal red blood cells and be healthy. A person who inherits one normal and one abnormal allele (Ss) will have some Asickle-shaped@ red blood cells and will suffer from a condition known as sickle cell trait. These people may suffer from various conditions during their lifetime, including increased risk of infections and ulcerations on the hands and feet. A person who inherits two abnormal alleles (ss) will have many Asickle-shaped@  red blood cells and will suffer from sickle cell anemia. These patients have a high risk for abnormal blood clots in their blood vessels - which can lead to severe pathological conditions and frequent hopitalizations.

In summary, many of our physical traits are determined by the alleles we inherit from our parents. The hemoglobin gene can determine the type of hemoglobin protein which is made in red blood cells, thus determining the shape of the cells. Many physical traits we observe in organisms can be determined by one particular gene that is associated with that trait. The alleles we inherit from our parents may interact in several different ways to determine a particular trait. We will examine how inheritance of alleles for different genes can result in organisms with a wide variety of physical traits.

A. Simple Dominant and Recessive Inheritance
A trait is a feature observed on any organism. Examples of traits include the height of a plant, the color of a flower, or the thickness of eyebrows. Characteristics are different variations of a particular trait. For example, a plant could be tall or short; a flower could be red or white; and eyebrows could be thick or bushy.

Gregor Mendel observed that if he bred two plants, there were predictable patterns in the offspring. For example, if he bred a pure-breeding tall plant with a pure breeding short plant, ALL of the offspring would be tall. He hypothesized that each parent donated one Ainstruction@ for height to the offspring. He called this Ainstruction@ a gene.

Mendel decided to label the instruction to make a tall plant AT@ and the instruction to make a short plant At@. He proposed that the T allele was dominant to the t allele. The T allele is called the dominant allele and the t allele is called the recessive allele because an offspring that inherits one of each (Tt) will be tall. The t allele is therefore recessive to the dominant T allele. According to this hypothesis, a pure breeding tall plant would carry two dominant alleles and be TT. A pure breeding short plant would carry two recessive alleles and be tt.

Thus, there are three possible combinations of alleles for height in these plants:

Genotype
Description


Phenotype
TT

homozygous dominant

tall

Tt

heterozygous


tall

tt

homozygous recessive

short

The actual alleles that an individual inherits from the parents is called the genotype of that individual. In this case, there are three possible genotypes for height (TT, Tt, tt). When an individual has two dominant alleles, we call that individual homozygous dominant (homo - same). When an individual has two recessive alleles, we call it homozygous recessive. When an individual has one dominant and one recessive allele, we call it heterozygous (hetero - different). Notice that when one allele is dominant to the other, the heterozygous individual will show the dominant characteristic. The actual characteristic that is shown by an individual is called its phenotype (tall or short).

B. Punnet Squares and the Calculation of Genotypes and Phenotypes
In sexually reproducing organisms, each parent contributes one of its alleles for a particular gene to the offspring through its sex cell (gamete). In humans, the male sex cell is the sperm and the female sex cell is the egg. In plants, the male sex  cell is the pollen and the female sex cell is the ovum. We have already seen how each gamete receives only one of each of the 23 chromosomes at the end of meiosis.

In the above example, a plant that is homozygous dominant (TT) can only donate a T allele to the offspring. A plant that is homozygous recessive (tt) can only donate a t allele to the offspring. However, a plant that is heterozygous (Tt) can donate either a T or a t to the offspring. (See Diagram 1)

Diagram 1 - Assortment of Alleles Located on Chromosomes During Meiosis
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This explains why a true breeding tall plant (TT) bred with a true breeding short plant (tt) will result in 100% of the offspring being tall. A plant that is TT can only produce gametes with the T allele. A plant which is tt can only produce gametes with the t allele. When they are mated, all of the offspring will be Tt. 

A scientist named Punnet invented a simple way to determine the possible outcomes of the offspring when two parents are mated. The alleles of each parent are placed on the outside of the box, and the combinations are calculated on the  inside of the box. (See Diagram 2) The probabilities of the genotypes and phenotypes of the offspring that could result from the mating of these parents are determined in this way.

 Diagram 2 - Punnet Square Analysis of TT Crossed with tt
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Exercise #1 - Using Punnet Squares to Analyze Dominant/Recessive Crosses

For each problem below, draw a Punnet Square and calculate the probabilities for the genotypes and phenotypes of the offspring. Use the example above and write your answer in the same format.

1.
homozygous dominant (TT)     X     heterozygous (Tt)

2.
heterozygous (Tt)     X     heterozygous (Tt)

3.
heterozygous (Tt)     X     homozygous recessive (tt)

4.
Without drawing a Punnet Square, what would be the probable genotypes and phenotypes in the offspring if: a) two 
homozygous dominant parents were crossed?  b) two homozygous recessive parents were crossed?

a)




b)

5.
Does the Punnet Square show exactly what percentage of each type of offspring will result or does it show the 
probability of having certain types of offspring? For example, in problem #2 above, if 100 offspring are produced, 


will there be exactly 75 tall and 25 short plants, or something close to that percentage? Explain.

C. Incomplete Dominance
Sometimes alleles interact in such a way that one allele will not completely mask the effect of the other allele. Some genes have alleles which, when combined to form a heterozygote, result in  an intermediate phenotype. This type of interaction of alleles is called incomplete dominance.

A good example of incomplete dominance is the color of flowers in some plants. Once again, there are two different alleles of the gene that determines the flower color. The AR@ allele is one allele and the Ar@ allele is another allele. The three possible genotypes and phenotypes are shown below:

Genotype

Description

Phenotype
RR

homozygous R

red

Rr

heterozygous

pink

rr

homozygous r

white

In this example, a plant that is homozygous R will be red. A plant that is heterozygous (Rr) will be pink. A plant that is homozygous r will be white. There are still three different genotypes (RR, Rr, rr), but now there are three different phenotypes (red, pink, white).

Exercise #2 - Using Punnet Squares to Analyze Incomplete Dominance

For each problem below, draw a Punnet Square and calculate the probabilities for the genotypes and phenotypes of the offspring. Write your answer in the same format as you did in the first exercise.

1.
homozygous dominant (RR)     X     heterozygous (Rr)

2.
pink plant      X      white plant

3.
Two plants are crossed and all of the offspring are pink. What are the colors of the plants that were crossed?

4.
Two plants are crossed, resulting in 100 offspring. About 27 of the plants are red, 51 of the plants are pink, and 22 



of the plants are white. What are the colors of the plants that were crossed?

5.
Do the alleles for sickle cell anemia show complete or incomplete dominance? Explain.

D. Multi-Allelic Inheritance: Human Bloodtyping
Some traits involve a gene that has more than two alleles. The A, B, AB, and O types of blood are determined by three different alleles for the gene that codes for a protein on the surface of red blood cells.

The three different alleles for this classical bloodtyping are IA, IB, and i. Bloodtypes are determined by the combinations of these alleles inherited by a person from their parents

Genotype

Description

Phenotype
IA IA

homozygous A

type A blood

IA i

heterozygous A

type A blood


IB IB

homozygous B

type B blood

IB i

heterozygous B

type B blood

IA IB

heterozygous AB

type AB blood

ii 

homozygous i

type O blood

In this case, the IA and IB alleles are said to be codominant. When both alleles are present together, both of the alleles are expressed to form type AB blood. However, both  the IA and IB alleles are dominant to the i allele.

Exercise #3 - Using Punnet Squares to Analyze Human Blood Types

For each problem below, draw a Punnet Square and calculate the probabilities for the genotypes and phenotypes of the offspring. Write your answer in the same format as you did in the first exercise.

1.
heterozygous A (IA i)     X      heterozygous B (IB i)

2.
type O       X       type AB

3.
Is it possible for a mother with type A blood and a father with type O blood to have a child with type B blood?

4.
A friend of yours has type A blood. If her mother has type AB blood and her father has type B blood, what is the 
genotype of the father?

E.
Genes and Human Disease
With the advances in genetics during the last 50 years, several genes have been isolated which have alleles that can cause disease. We have already seen how the As@ allele can lead to sickle cell trait in a heterozygous person (Ss) and to full-blown sickle cell disease in the homozygous recessive patient (ss). Other genes and their alleles have been found that can cause other inheritable diseases.

One of the worst single-gene diseases known today is Huntington=s Chorea. This disease causes the brain and spinal cord to gradually deteriorate, and the person ultimately dies within 5 to 10 years after the onset of the first symptoms. The scary part is that the disease usually does not start until a person is more than 30 years old - usually after the patient has already had children. Even worse, the allele that causes the disease is the dominant allele (H), meaning that a child only has to get that one allele from a parent to get the disease! Most people who have the disease are heterozygous (Hh), and they usually marry someone who is homozygous recessive (hh).

Another disease which is now normally screened for after the birth of a baby is phenylketonuria (PKU). This disease results from a defective enzyme which causes the build-up of a molecule called phenylalanine. This accumulation can cause mental retardation - and ultimately death of the child - if treatment is not prescribed. Unlike Huntington=s Chorea, this disease is a recessive illness - it will only occur when an infant inherits two recessive alleles (pp) from the parents. Heterozygous (Pp) and homozygous dominant (PP) offspring are normal.

Exercise #4 - Using Punnet Squares to Analyze Genetic Diseases

For each problem below, draw a Punnet Square and calculate the probabilities for the genotypes and phenotypes of the offspring. Then answer the question.

1.
What is the probability of having a child with sickle cell disease if a father with sickle cell trait marries a mother with 
sickle cell trait?

2.
A forty year-old mother (who was adopted and never knew her parents) begins to suffer from Huntington=s Chorea.

 
She has a son who is 18 years old. What is the probability that her son has inherited the disease from her, if we know 
that her husband is 55 years old and has never shown any sign of the disease? (Assume she is heterozygous)

3.
You are a genetic counselor. Two newlyweds are found to be heterozygous for the PKU gene. They are concerned 
about having a child who suffers from PKU. What are the chances of their having a child with PKU?

Genetics 1B - Use of the Micropipettor
Objectives
· learn to measure small liquid volumes using a micropipettor (microliters = l)

· learn how to transfer small liquid volumes into a well on a gel

Background Information
Unlike previous laboratories where we were measuring liquid volumes using standard milliliter (ml) pipettes, during this laboratory we will need to measure in microliters (l). To do this we will learn to use a micropipettor.

A. Using a Micropipettor
In this lab we will be using a P-50 micropipettor which measures liquid volumes between 5 and 50 l in increments of 0.5 l. The procedure for using any size micropipettor (P-1000, P-200, P-20, P-10) is the same.

Please read and follow these precautions:

· Do not rotate the volume adjustor knob beyond the upper or lower limits
· Do not use the micropipettor without a plastic tip in place
· Do not lay the micropipettor down while there is still fluid in the plastic tip
· Do not let the plunger Asnap back@ - depress it and release it gently with your thumb
1.
Pick up a P-50 micropipettor and observe the current setting on the counter. Notice that you can raise or lower the 
volume to be measured by turning the volume adjustor knob. Study the table below to observe how to set the counter 
to your desired volume.

	Counter Reads
	Volume (l)

	   0 8. 5
	     8.5 l

	   2 5. 0
	   25.0 l

	   4 3. 5
	   43.5 l


2.
Set the volume adjustor to 25.0 l.

3.
Retrieve a plastic tip from the holder by gently pressing the end of the micropipettor on the opening of a tip. With 



a slight twisting action, lift the tip out of the holder. Remember, never use a micropipettor without a tip.
4.
Gently press the plunger of the micropipettor and notice that it has two Astops@ - the first stop is a gentle stop and 



the next stop is a hard stop. The gentle stop allows you to retrieve the desired liquid volume dictated by the counter. 
This should be used when retrieving the desired volume of a sample. To expel the desired sample to another tube, 


you would press all the way down on the plunger to the hard stop.

5.
Get a sample of blue water that is located in a 1.5 ml microfuge tube. Hold the bottom of the tube between your 
thumb and index finger at eye level. To retrieve 25.0 l of blue water, depress the plunger of the micropipettor to 


the gentle stop BEFORE inserting the plastic tip into the liquid. Then, insert the tip into the liquid, and SLOWLY 


and steadily release the plunger to withdraw the desired volume.

7.
Get an empty microfuge tube. Touch the end of the tip with your liquid to the bottom of the empty microfuge tube

 
and SLOWLY depress the plunger all the way to the hard stop to blow out the contents in the tip. Keep the plunger 
depressed when withdrawing the tip, so as not to accidentally suck up your liquid.

B. Loading Small Liquid Volumes onto a Gel
As we will see in the next laboratory, we sometimes place small quantities of liquid onto the surface of a gel, so we can examine the contents of the liquid. In this exercise, we will learn how to place 20.0 l of blue water into small Awells@ in the surface of a gel.

1.
Using a P-50 micropipettor, set the volume adjustor to 20.0 l.

2.
Using the procedure outlined above, retrieve 20.0 l of blue water.

3.
You will transfer that 20.0 l of blue water into a tiny rectangular well on the surface of a gel in a petri dish.

4.
With the micropipettor grasped in both hands, place both elbows on the lab table and set the petri dish with the gel 
between your elbows. Gently lower the tip with the 20.0 l of liquid into a rectangular well on the gel. GENTLY and 
CAREFULLY depress the plunger to the hard stop to dispense your 20.0 l into the well. Be sure to keep the 
plunger depressed while you remove the tip, so as to not accidentally suck up your liquid out of the well.

Genetics 1C – Mammalian DNA Extraction
Objectives
· learn how to isolate DNA from canine testicular tissue

Procedure:

1.
Obtain a small piece of canine testicle about the size of a large pea.  Place the tissue in a chilled mortar and pestle that is sitting on ice.

2.
Keeping the mortar on ice, add 1 ml of chilled tissue buffer to the tissue.  Then add 3-4 drops of SDS solution to the tissue.

3. Mince the tissue with a scalpel and then grind it with the mortar and pestle.  KEEP IT ON ICE!  The SDS solution is compound which helps dissolve the cell membranes, allowing the release of the internal contents as you grind the tissue.

4.
Transfer the tissue and fluid to a centrifuge tube.

5.
Add 3 ml of cold 2 M NaCl solution to the centrifuge tube.  Shake the tube vigorously for at least 3 minutes.  Your are should get tired!

6.
Place the tube in the centrifuge and spin at 3000 RPM for 7 minutes.  Remember, you must BALANCE the tubes in the centrifuge before you begin to spin.   As the contents are centrifuged, the DNA will remain in the liquid salt solution, while other cell parts will settle to the bottom.

7.
After centrifuging for 7 minutes, the DNA will be located in the upper liquid layer of the tube called the supernatant.  Gently pour the supernatant into a clean test tube, avoiding any of the solids at the bottom.

8.
Using a plastic transfer pipette, slowly add about 3 ml of VERY COLD 95% ethanol by letting it run down the side of the tube into the supernatant.  Look carefully at the surface of the supernatant and silvery-whitish threads like silk should begin to appear.  This is the DNA.  The ethanol causes the DNA to precipitate out of the solution.
9.
Use a hooked glass probe to twirl and lift the threads of DNA from the ethanol.

10.
You have successfully isolated canine testicular DNA – the blueprint to make an entire dog! 


Genetics 1 - Questions for Review
For the following questions, draw a Punnet Square to show all of your work. Then answer the question.

1.
In the fruit fly Drosophila melanogaster, the long wing allele (L) is dominant to the short wing allele (l). In a cross 
between a heterozygous fly and a short wing fly, what genotypes and phenotypes would you expect?

2.
In humans, a normal skin pigmentation (N) is dominant to the albino condition (n) [all skin coloration is gone]. A 
normally pigmented man, whose father was an albino, marries an albino woman. What are the chances of this couple 
having an albino child?

3.
In a child custody case, Sally Jones is absolutely certain that the man she was living with, John Smith, is not the 
father of the child they are fighting over. Sally Jones has type A blood. Her mother is type O and her father is type 



AB. John Smith has type A blood. Both of his parents have type AB blood. If the son who is in dispute has type O 
blood, explain why John Smith could not be his father. (Hint: determine the genotypes of all of the members of the 
family.)

4.
We now have the ability to look at the DNA of a person to see if they have inherited a certain allele form one of their 
parents. (We will look at our alleles on one part of chromosome #8 next week) Imagine that one of your parents 
began to suffer from Huntington=s Chorea. Would you get your DNA examined to see if you might be carrying 


the dominant allele? What would you if you did not want to get examined, but your fiancé (who you are about 



to marry) wanted you to get the test?
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