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While studying dragons, explorers came across different dragons that did not seem to follow Mendel’s rules.  They saw dragons with traits demonstrating incomplete dominance, codominance, polygenic inheritance and sex-linked
Incomplete dominance refers to offspring that appear to be a mix of the two parental varieties. It is not considered blending, due to the implication hybrid offspring would never have offspring with the original parent phenotypes.  For example, cross a white snapdragon with a red snapdragon and get pink.  Later crossing pink offspring will result in the return of white and red offspring.

1. Cross a bright green dragon with a purple dragon.  
A. Assign Symbols

B. Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio

2. Cross two Dark olive dragons
A. Assign Symbols

B. Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio

3. Cross two purple dragons
A. Assign symbols

B. Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio

Codominance refers to inheritance in which both alleles of a gene affect the phenotypic traits of an individual.  Thus, in codominance, neither allele is recessive – both alleles are dominant.  A perfect example is your blood type, which is established before you are born, by specific genes inherited from your parents.  You receive one blood type gene from your mother and one from your father.  These two genes determine your blood type by causing the presence or absence of the Type A and Type B antigen molecules on red blood cells. 

The blood type gene has three different versions or alleles:

IA results in the A antigen on the red blood cells, IB results in the B antigen on the red blood cells, and ii does not result in either antigen

Everyone has two copies of these genes, so there are six possible combinations of alleles (genotypes):


IAIA and IAi – both resulting in Type A blood, IBIB and IBi – both resulting in Type B blood,


IAIB – resulting in type AB blood, and ii – resulting in type O blood

Each biological parent gives one of their two ABO alleles to their child.  For example, a mother who is blood type O has genotype ii and can only give an i allele to her son or daughter. A father who is blood type AB could give either an IA or a IB allele to his son or daughter. This couple could have children of either blood type A (i from mother and IA from father) or blood type B (i from mother and IB from father).  This is illustrated in the Punnett square below.

	  Father 

(Type AB)

   Sperm
	Mother 

(Type O)
Eggs

	
	
	i
	i

	
	IA
	IA i
	IA i

	
	IB
	IB i
	IB i


Ex. Now, suppose that a mother has blood Type A and genotype IA i and the father has blood Type B and genotype IB i.  Draw a Punnett square to show the possible genotypes and blood types for their children.
Funny as it seems, dragon blood is a lot like ours and follows the same rules regarding blood.  Using Punnett squares for all problems, determine the possible blood types of offspring:

4. If a dragonette with type AB blood has offspring with a drake with type O blood, then what are the possible blood types of the offspring?   

5. If a drake homozygous for type A blood is crossed with a dragonette heterozygous for type B blood, then what are the possible blood types of their offspring?   

In addition to blood typing, dragons show codominance in other traits as well.  Use Dragon Genome complete the problems (SHOW ALL WORK)
6. If Fango has rounded tail spikes and Dragona has rounded and pointed tail spikes, then what are the possible phenotypes of their offspring?

A. Assign Symbols

B.  Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio  

7. Fango and Dragona had offspring that were half eye round at the front only and half oval eyed.  If Dragona has oval eyes, demonstrate what genotype and phenotype Fango must be.

A. Assign Symbols

B. Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio

8.  One of the daughters, Elizardbeth who shared Fango’s genotype married another dragon, Davik, that had eyes round in the front only.  If they had dragonets, then what are the possible genotypes and phenotypes of their offspring?

A. Assign Symbols

B. Show the cross

C. Draw the Punnett square

D. List genotypic ratio

E. List phenotypic ratio

In Polygenic Inheritance “many” genes determine a trait.  When learning about eye color, we typically compare Brown eyes (B allele) to Blue eyes (b allele).  What about green, hazel and light brown eyes?  How do we get that genetic combination?  Take a look at the dragon genome worksheet and the genes for back spikes located on the C, J, and W.  All three genes can contribute to the overall number of back-spikes on a dragon.  If a dragon is homozygous dominant for all three genes, the maximum number of back spikes they can have is 6.  If they are homozygous recessive for all three, they can have zero back spikes.

Write down the number of back spikes for dragons with the following genotypes:

9. CCJjww __________

10. ccJJWW __________

11. CcJjWw __________

12. Mushu, a CCJJWW dragonette is crossed with a Pern drake, CcJJww.  How many offspring will have each number of back spikes?  Hint:  This is an example of a trihybrid cross.  The best way to solve this is with three individual monohybrid crosses, one for each gene.

CC x Cc = ½ CC, ½ Cc

JJ x JJ = 4/4 JJ

WW x ww + 4/4 Ww

To find out how many 6 spiked offspring you need CC x JJ x WW or ½ x 4/4 x 0 = 0.  There are no 6 back spiked offspring.  Now try find out how many have 5, 4, 3, 2, 1 or 0 back spikes.  Remember there are multiple gene combinations to give the same number of back spikes.  CCJJww is the same number as CcJjWW.  Both would be four.

13. Now on your own.  Cross Saphira, a CcJjww dragon with Smaug a CCJJWw dragon.  List how many different offspring have 6, 5, 4, 3, 2, 1 or 0 spikes.  Show work!!!

14. (Non Dragon) Student height at Scripps Ranch results from different gene pairs, in which each dominant allele has an equal additive effect. Each dominant allele we substitute for a recessive allele results in 1 inch of additional height. If the average student height is 5' 8" and their genotype is aaBbccDDEeFfGghhII, how tall are the following students? 
(Hint: First find the base height or someone with no dominant alleles.  Using the above genotype, subtract 1” for each dominant allele to give you the base height.)
(a) aaBBCcddEeffGGHHIi= 

(b) AABBccddEEFFggHHII= 

(c) aaBbccDdEeFfgghhII= 


(d) List your height:  ______ List (3) possible genotypes for your height:
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3.
All genes on the sex chromosome are said to be sex-linked.  In humans the 23rd chromosome determines the sex of an individual (XY – male with one X chromosome and XX – female with two X chromosomes).  Mostly males are affected by sex-linked disorders, frequently caused by recessive alleles.  A male receives a single X-linked allele from his mother (Y from father), and will have the disorder, while a female has to receive the allele from both parents to be affected.
15. Color-blindness in dragons is very similar to color-blindness in humans, and is a recessive sex-linked trait. 











A.  What would the genotypes of parents have to be for them to have a color-blind drake (male son)?  (Work backwards, make a Punnett square and fill in the box for the son.)





















































































B.  A color-blind dragonette (female daughter)?  (Don’t forget to use X’s and Y’s in your cross to show gender) (Using the Punnett square for A, work backwards starting with the daughter)
16. Scales is an embarrassing recessive sex-linked traits that causes dragons to lose their scales.  This is dangerous because it leaves their soft under-scale skin vulnerable to an arrow.  



A.  If a drake does not have Scales and the female is heterozygous for Scales, what percentage of their dragonettes have Scales and how many of their drakes would have Scales?  Do a punnett square to help illustrate your answer.
17. Another sex-linked recessive trait in dragons is Crooked horn. Queen Penelope the dragon was a carrier for Crooked horn and her husband, King Paarthunax did not have crooked horn.  

A.  Draw a punnett square for the cross between Penelope and Paarthunax.  























































































B.  What is the probability that the couple will have a dragonette with Crooked horn?  

























































C.  What is the probability the couple could have a drake with Crooked horn?
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