Blood Types
In some ways, every person's blood is the same. But, when analyzed under a microscope, distinct differences are visible. In the early 20th century, an Austrian scientist named Karl Landsteiner classified blood according to those differences. He was awarded the Nobel Prize for his achievements. 
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Landsteiner observed two distinct chemical molecules present on the surface of the red blood cells. Surface molecules on cells are called antigens. Antigens are how our own body recognizes its own cells. If it encounters a foreign antigen, the immune system will attack it and destroy it.  He labeled one antigen "A" and the other antigen "B." If the red blood cell had only "A" antigens on it, that blood was called type A. If the red blood cell had only "B" antigens on it, that blood was called type B. If the red blood cell had a mixture of both antigens, that blood was called type AB. If the red blood cell had neither antigen, that blood was called type O. 
We now know that there are three alleles responsible for the 4 blood types. The three alleles are known as IA, IB, and i. The IA and IB alleles are co-dominant, and the i allele is recessive. 

The possible human phenotypes for blood group are type A, type B, type AB, and type O. Type A and B individuals can be either homozygous (IAIA or IBIB, respectively), or heterozygous (IAi or IBi, respectively). See the chart to the right to see how pairing the two blood type alleles can result in the 4 distinct blood types.
If two different blood types are mixed together, the blood cells may begin to clump together in the blood vessels, causing a potentially fatal situation. This clumping is due to special immune system proteins called antibodies that will stick to the foreign antigens and cause the cells to clump together. For example, if you are type A blood you and are given B blood, your anti-B antibodies (antibodies that will stick to the B antigen) will cause the B type blood cells to clump. In the case of type AB blood, you do not have either type of antibodies (A or B) and in the case of type O blood, you have both type of antibodies. See the chart below for more information. 
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Therefore, it is important that blood types be matched before blood transfusions take place. In an emergency, type O blood can be given because it is most likely to be accepted by all blood types. 
Because of these patterns, a person with type O blood is said to be a universal donor. A person with type AB blood is said to be a universal receiver. In general, however, it is still best to mix blood of matching types and Rh factors. 
Question: What are the possible blood types of the offspring of a cross between individuals that are type AB and type O? (Hint: blood type O is recessive)
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Tutorial: A parent of blood type AB has the co-dominant IA and IB alleles. A parent of blood type O is homozygous recessive for the i allele

The Punnett square for their offspring is shown to the right. The genotypes of their offspring could be either IAi or IBi. Their children could be in blood groups A or B, but not AB or O. 
Rh Factors

Scientists sometimes study Rhesus monkeys to learn more about the human anatomy because there are certain similarities between the two species. While studying Rhesus monkeys, a certain blood protein was discovered. This protein is also present in the blood of some people. Other people, however, do not have the protein. The presence of the protein, or lack of it, is referred to as the Rh (for Rhesus) factor.

If your blood does contain the protein, your blood is said to be Rh positive (Rh+). If your blood does not contain the protein, your blood is said to be Rh negative (Rh-).

	Phenotype 
	Possible genotypes 

	Rh+ 
	Rh+/Rh+
Rh+/Rh- 

	Rh- 
	Rh-/Rh- 


This Rh factor is connected to your blood type. For example, your blood may be AB+ which means that you have type AB blood with a positive Rh factor. Or, you might have O- blood which means that you have type O blood with a negative Rh factor.

The Rh factor genetic information is also inherited from our parents, but it is inherited independently of the ABO blood type alleles. There are 2 different alleles for the Rh factor known as Rh+ and Rh-. 

It is particularly important for expectant mothers to know their blood's Rh factor. Occasionally, a baby will inherit an Rh positive blood type from its father while the mother has an Rh negative blood type. The baby's life could be in great danger if the mother's Rh negative blood attacks the baby's Rh positive blood. If this happens, an exchange transfusion may save the baby's life. The baby's blood can be exchanged for new blood that matches the mother's.
If your blood type is . . .
	Type
	You Can Give Blood To
	You Can Receive Blood From

	A+
	A+  AB+
	A+  A-  O+  O-

	O+
	O+  A+  B+  AB+
	O+  O-

	B+
	B+  AB+
	B+  B-  O+  O-

	AB+
	AB+
	Everyone 

	A-
	A+  A-  AB+  AB-
	A-  O-

	O-
	Everyone
	O-

	B-
	B+  B-  AB+  AB- 
	B-  O-

	AB-
	AB+  AB-
	AB-  A-  B-  O-


So where did these different blood type alleles come from?

Back in the early days of man, there were only blood type O people. This means the surface of the red blood cells had neither A nor B antigens on it. This has carried down until today, when the vast majority of people are still type O.

Around 20,000BC, a mutation occurred, and some people began to be Blood Type A. These people developed an A membrane or antigen on the surface of their blood cells. This blood type became common in central Europe as well as Scandanavia. Many feel this change occurred when farming became common in those areas.

The next change was around 10,000BC. This is when some people developed a Type B membrane on their blood cells. This change took place in Asia and Japan, and biologists are not sure what encouraged this change to take place.

It was not until around the 1500s that the A groups and B groups began to mix as travel became more and more common. This formed the AB blood type, which is most common now in northern India, even though it is still the rarest of the four main blood types. Only 5% of US residents are blood type AB.

Out of 100 donors . . . . . 
	84 donors are RH+ 
	16 donors are RH- 

	38 are O+ 
	7 are O- 

	34 are A+ 
	6 are A- 

	9 are B+ 
	2 are B-

	3 are AB+ 
	1 is AB-
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Blood Type Questions




1) Is the AB blood type an example of incomplete dominance or co-dominance? Justify your answer!

2) Why would it be a pretty safe bet to say that the O blood type allele is the oldest?

3) A blood type of B- means what about the blood cell? Is this a polygenic trait? Why?
4) A woman with type A blood and a man with type B blood could potentially have offspring with which blood types? Use a Punnet square to justify!
5) A mom is Type B and her son  is type AB. What do you think the father’s blood type is? Use a Punnet square to justify your answer.
6) What are the possible blood types of the offspring of a cross between individuals that are type AB and type O? 

