Material for Exam II: A: Mendelian Genetics




I. Darwin’s dilemma: why don’t new variations blend themselves away? 

    A. Mutation causes longer neck in giraffe. 
    B. Giraffe mates with normal giraffe. 
        1. What are kids like? 
        2. Kids have intermediate necks. 
    C. Intermediately-necked giraffes mate with normal giraffe. 
        1. What are kids like? 
        2. Kids necks are smaller still, closer to normal giraffes. 
    D. Thus any new mutations are blended away. 
    E. Darwin died never solving this paradox of why beneficial mutations don’t just blend themselves away.

Darwin's dilemma: 
Charles Darwin formed the theory of evolution by natural selection because there was so much evidence that supported it.  As we will learn later in the class, it was consistent with geological patterns, species distributions across continents, comparative anatomy, the fossil record, artificial selection in domestic animals, etc.  But there was one point that confused him.  He couldn't figure out how new variations increased in the population given his ideas of inheritance.  He believed in blending inheritance, where the offspring display characteristics intermediate to both parents.  For example, if a tall man marries a short woman, then the children will be intermediate in stature.  If blending inheritance was correct, then his theory was flawed.  For example, if, by chance, a male giraffe were born with a mutation that extended the length of his neck, then his kids would have a shorter neck because their mother would be a typical shorter-necked giraffe.  His grandkids would have still shorter necks if his kids mated outside the family.  Thus blending inheritance would ‘blend away’ any advantageous mutation.  Darwin died wondering about this paradox. 

II. Mendel’s Answer 
    A. Hereditary factors occur in pairs. 
    B. Each parent contributes one factor for each trait. 
    C. These factors are discrete / they do not blend. 
    D. Ex. Red flower X White flower ( Pink flower (same as predicted by blending inheritance)
    E. But Pink flower X Pink flower ( Red, Pink and White flowers! 
    F. Mendel determined factors were discrete (non-blending), but he never knew what they were (physically). 
    G. Around 1900, a graduate student noticed darkly staining bodies in cell nuclei acted like Mendel’s factors. 
    H. Darkly staining bodies containing factors are called chromosomes. 

Ironically, the answer was available in a journal in Darwin's library, but he never read that article.  Gregor Mendel, an Austrian monk, published his data on pea plants providing evidence that blending inheritance was incorrect.  Mendel determined that hereditary factors occurred in discrete pairs, with one of each coming from each parent.  However, he had no idea what the physical manifestation of these factors might be.  Many years after Darwin's death (just past the turn of the century), a graduate student noticed that Mendel’s factors (his name for genes) behaved similarly to these darkly-staining bodies in the nuclei of cells called chromosomes.  Once the connection was made between genes and inheritance, Darwin's theory of evolution by natural selection was greatly strengthened.  

Mendel knew that his 'factors' were discrete and non-blending.  He also knew much more about the behavior of these units of inheritance.  So let's return to his pea plants. 

Mendel's First Law (Law of Segregation): Mendel determined that each individual has two copies of each gene (e.g., Pp).  These copies are called alleles.  If both alleles are the same, then the individual is homozygous (e.g., PP or pp).  If the two alleles are different, then the individual is heterozygous (e.g., Pp).  When an individual creates gametes (sex cells: egg or sperm in humans, egg or pollen grain in plants), only allele (for each gene) is packaged in the gamete.  Mendel determined that (for heterozygotes) which allele appears in the gamete is random, with each allele having a 50% chance.  This rule is the Law of Segregation. 

Before we proceed much further, let's go over a few terms.  Then we can start tackling problems. 




Terms to know for Mendelian Genetics 

gene: a stretch of DNA that codes for a specific trait (Mendel’s ‘factors’) (e.g., flower color). 

allele: a particular variant of a gene (e.g., if the gene is flower color, purple and white are two separate alleles). 

homologous chromosomes: chromosomes that have the same exact genes but may have different alleles (you have 2 homologues of each of 23 chromosomes, giving you 23 pairs of chromosomes.  Mom gives you 23 and Dad gives you the other 23). 

sister chromatid: two identical chromosomes joined at the centromere (actually they are a single chromosome since they share a centromere)

genotype: what alleles an individual has for a particular trait or set of traits (e.g., Pp) 

phenotype: the expression of the genes; what the individual looks like (e.g., purple) 

dominant trait: an allele that is expressed no matter what the other allele is (e.g., purple flower color being dominant to white flower color in pea plants) 

recessive trait: an allele that is only expressed if it is the only allele present (i.e., both alleles are the same) (e.g., white flower being recessive to purple flower color) 

F1 generation: the kids of the parents 

F2 generation: the grandkids of the parents (kids of F1) 

gamete: sex cell (egg or sperm); only has ONE allele for each gene since it only has one homologous chromosome (either the one you received from Mom or the one you received from Dad) 

homozygous: has 2 copies of the same allele for a given trait (e.g., PP) 

heterozygous: has 1 copy of each of two alleles for a given trait (e.g., Pp) 

autosomal: on a normal chromosome (as opposed to the sex-determining chromosome) 

sex-linked: on the X chromosome (so males only have 1 copy of the gene) 

meiosis: the cellular process that produces gametes (sex cells) in our bodies.  It reduces the amount of DNA from 23 pairs of chromosomes to just 23 chromosomes.

Law of Segregation: there is an equal probability of each allele being produced in meiosis




Some Genetics problems 

If a true-breeding purple flowered pea plant and a heterozygous purple flowered pea plant mate, what will be the phenotype and genotype of their offspring? 

                                            P1             P2 
parents                                 PP             Pp 
gametes from each parent:  P, P            P, p 

Cross 
                                                P2 
                                     P            p 

                         P        PP         Pp 
                P1 
                         P        PP         Pp 

Answer: Genotype is 50% PP, 50% Pp so the phenotype is 100% purple (because both PP and Pp appear purple) 




If a heterozygous purple flowered pea plant is crossed with a white flowered pea plant, what proportion of the offspring will have purple flowers? 

                                            P1             P2 
parents                                 Pp              pp 
gametes from each parent:  P, p            p, p 

Cross 
                                                P2 
                                     p            p 

                         P        Pp         Pp 
                P1 
                         p        pp         pp 
  

Answer: 1/2 (50%) of the pea plants will have purple flowers. 




If you have a purple-flowered pea plant, how can you determine its genotype? 

The best way is called a test cross, where you mate it to an individual that is recessive for the trait: P_ x pp 

If the purple plant is PP, then all of the offspring will be purple flowered. 
If the purple plant is Pp, then half the offspring will be purple and half the offspring will white. 




Since crosses require you to form gametes, it is helpful to know how many different types of gametes are possible from a given parent.  When dealing with a single trait, the answer is simple: PP can make only a single gamete (P), whereas Pp can form two different gametes (P and p) and pp can only form one type of gamete as well (p). 

What about this parent? PpTT (heterozygous for purple and homozygous for tall, with tall (T) dominant to dwarf (t)). 
Now each gamete must have two letters, one for each trait.  The total possible number of gametes is 2: PT and pT.  We could figured out the total number of possible gametes by simply multiplying the number of options possible for each trait (there are two possible options for the flower color trait (P and p) and only one option for the plant height (T), and 2 x 1 = 2. 

Those two possible gametes are PT and pT.  Note that Pp and TT are not possible because then the gamete has two copies of one gene (which is BAD) and no copies of the other gene (which is BAD as well). 

How many different gametes can this parent produce (PpMmNNSstt)? 
2 x 2 x 1 x 2 x 1 = 8 

Which of the following gametes can this parent (AABbCCDdeeFf) make? 
    a. AAbCEf 
    b. ABCDEF 
    c. abcdef 
    d. ABCdef 

The parent can only make choice 'd'. 

Other terms not on the handout 

Incomplete dominance: in this case, the presence of a single allele to code for a particular protein (enzyme) is insufficient to produce the full trait. 
Ex. In 4 o’clocks and snapdragons, RR = red, rr = white, and Rr = pink! 

Pleiotropic: when a single gene determines more than one phenotype for an organism (gene that lengthens bones lengthens legs and arms). 

Polygenic: a continuous (as opposed to discrete) trait affected by multiple genes.  (A discrete is simple “either you have it or you don’t” trait, such as widow’s peak.)

Test cross: cross involving a homozygous recessive individual. When a single trait is being studies, a test cross is a cross between an individual with the dominant phenotype but of unknown genotype (homozygous or heterozygous) with a homozygous recessive individual. If the unknown is heterozygous, then approximately 50% of the offspring should display the recessive phenotype. 

True-breeding: homozygous for the true-breeding trait. 

Co-dominant alleles: two different alleles at a locus are responsible for different phenotypes, and both alleles affect the phenotype of the heterozygote. For example, consider the situation where there are three alleles A (dominant), B (also dominant), and O (recessive) that determine human blood type. Three possible genotypes are AA, BB, OO that correspond to the phenotypes of blood type A, B, and O respectively.  Two other genotypes are AO and BO that correspond to blood types A and B, respectively because the O allele is recessive.  The remaining genotype is AB, corresponding to blood type AB. Both the A and B alleles contribute to the phenotype of the heterozygote. Thus the alleles A and B are said to be co-dominant. 

A and B alleles determine sugar-proteins (glycoproteins) present in cell membrane of red blood cell. 
    1. With just the A allele, then only A-type sugars --> type A blood 
    2. With just the B allele, then just B-type sugars --> type B blood 
    3. With both A and B alleles, then both A-type and B-type sugars --> AB blood type 
    4. With neither A nor B alleles, no A-type or B-type sugars --> O blood type 
    5. If you give type A blood to someone without type A blood, they have no type A blood sugars on their own red blood cells so their immune system will attack the transfused blood because it recognizes that it is foreign.  Therefore, type O is called the universal donor and type AB is the universal recipient. 

The rhesus factor (Rh) factor (named such because it was first found in a Rhesus monkey) is also commonly reported in blood type.  If you are Rh positive, then you have Rh antigens on your blood cells.  Thus you could not give blood to someone that was not also Rh positive.  Thus the true universal donor would be O Negative (no A, B, or Rh sugars marking the cell) while the universal recipient would be AB Positive.  

Here is the breakdown of blood types for the human population:

· O Positive 37% 

· O Negative 6% 

· A Positive 34% 

· A Negative 6% 

· B Positive 10% 

· B Negative 2% 

· AB Positive 4% 

· AB Negative 1% 

So you can see that Rh factor is common (more positives than negatives) with O being a little more common than A.  B is far less common and AB is rare.

1. How many different genes are represented in the following zygotes?  How many nonidentical alleles? 
 a. AaBBCcDdEE          b. MmNnSsPP          c. Rrss           d. PPwwSs 

Answers: Each different letter represents a different gene, so the answers are (from a to d): 5, 4, 2, and 3.  Another way to find the number of genes is to divide the number of total letters by 2.  Each letter represents an allele, and capital letters are different alleles than small letters.  Thus the answers to the second question are (from a to d): 8, 7, 3, and 4. 

2. In pea plants, tallness is dominant over dwarfness.  Two tall plants are crossed and the resulting offspring are 75% tall and 25% dwarf.  State the genotypes and phenotypes of the offspring. 

Answer: If the parents were both tall, they must have at least one T allele.  Since they gave birth to some dwarves, they each must have at least one t allele.  Thus the genotypes of each must be Tt.  If you cross Tt x Tt, the genotypes of the children are TT, Tt, Tt, tt.  The phenotypes would then be 3 tall, 1 dwarf, which is 75% tall and 25% dwarf. 

3. In pea plants, the trait for purple flowers is dominant over the trait for white flowers.  A pea plant with white flowers is crossed with a purple flower and the resulting offspring all have purple flowers.  What are the genotypes of the offspring? 

Answer: If a pea plant has white flowers, then its genotype must be pp.  If the other parent has purple flowers, then its genotype must be PP or Pp.  If all of the offspring are purple, then the purple parent must be PP.  (If the purple parent was Pp, then half of the offspring would be white.)  Thus the genotype of the offspring must be all Pp (since we crossed PP x pp). 

4. If a heterozygous black guinea pig mates with another heterozygous black guinea pig, what possible offspring could be produced?  What is the phenotypic ratio of the offspring?  Black (B) is dominant over white (b). 

Answer: If you cross two heterozygous (Bb) guinea pigs, the genotypes of the offspring are BB, Bb, Bb, bb.  Thus the both black and white offspring are possible.  The phenotypic ratio of the offspring is 3 black to 1 white.  (BB, Bb, Bb are black, bb is white). 

5. The gene for normal hearing is dominant over the gene for deafness.  A deaf person marries a person with normal hearing.  (The father of the person with normal hearing was also deaf.)  What types of children could this couple have?  What are the genotypic and phenotypic ratios? 

Answer: Make a key. 
    NN: normal 
    Nn: normal 
    nn: deaf 

The deaf person must be nn.  The person with normal hearing could be either NN or Nn, but since you know that his/her Dad was deaf, you know that Dad had to give him/her the n allele.  Thus the person with normal hearing must be Nn.  What types of children could they have?  Both normal and deaf.  What are the genotypic and phenotypic ratios?  Nn x nn --> 50% Nn, 50% nn (genotype) and 50% normal and 50% deaf mute (phenotype). 

6. How many different types of gametes can be produced by an individual of genotype: 

a. aaBbCcDdEeffGG 
Answer: 1 x 2 x 2 x 2 x 2 x 1 x 1 = 16 

b. AabbCcDdeeFF 
Answer: 2 x 1 x 2 x 2 x 1 x 1 = 8 

c. aaBBccDD 
Answer: 1 x 1 x 1 x 1= 1 

7. In humans, the gene for farsightedness is usually inherited as a dominant trait.  A man who is heterozygous for farsightedness marries a woman with normal vision.  What percentage of their children would be expected to be farsighted? 

Answer: Make a key. 
    FF: farsighted 
    Ff: farsighted 
    ff: normal sight 

Ff (Dad) x ff (Mom) --> 50% Ff, 50% ff (offspring).  So 50% of the offspring should be farsighted (Ff). 

8. In snapdragons, flower color exhibits incomplete, rather than complete dominance.  Homozygous plants (RR) are red, heterozygous (Rr) are pink, and homozygous (rr) are white. 

If you cross a red flower with a white flower, what are the genotypic and phenotypic ratios? 

Answer: RR (red) x rr (white) gives you 100% Rr (genotype), which mean 100% of the offspring will be pink (phenotype). 

If you cross a pink flower with another pink flower, what are the genotypic and phenotypic ratios? 

Answer: Rr (pink) x Rr (pink) gives you 4 offspring with the following genotypes: RR, Rr, Rr, rr.  The phenotypes would be 25% red, 50% pink, and 25% white. 

9. In humans, normal pigmentation is due to a dominant allele, while albinism is recessive.  A normal man marries an albino woman.  Their first child is an albino.  What is the genotype of the father?  What is the probability that the next child will be an albino? 

Answer: Make a key. 
    NN: normal 
    Nn: normal 
    nn: albino 

The Mom is an albino, so her genotype must be nn.  If the man is normal, his genotype is either NN or Nn.  Since they had an albino child, he must carry the recessive allele (n), thus his genotype must be Nn. 

So what is the probability that the next child will be an albino? 

If you cross Nn (Dad) x nn (Mom), the children are 50% Nn (normal) and 50% nn (albino).  Thus there is a 50% chance that the next child will be an albino. 

10. Tay Sachs disease is caused by a recessive allele.  A child homozygous for this allele cannot rid its nervous system of fatty molecules called gangliosides.  These compounds build up in nervous tissue, causing mental degradation and death before about age 2.  A 28-year old woman whose sister died of the disease is concerned that she herself will die of the disease.  What is the probability that this will occur? 

Answer: Seeing as she is still alive at 28 years, there is NO CHANCE that she will die of the disease.  (It kills you by age two if you have it.) 

If she marries a man who is heterozygous for the condition, what is the chance that they will have a child with the disease? 

Answer: Make a key. 
    NN: normal 
    Nn: normal 
    nn: Tay Sachs 

If her sister died of the disease, then both her parents were heterozygous (Nn) for the disease.  Thus her genotype could be NN or Nn.  Let's consider each case in turn.  If she is NN, then there is no chance of her children ever having the disease, since she would always have to give them the dominant allele (N).  If she is Nn, then we must do the cross: Woman (Nn) x Man (Nn) --> NN, Nn, Nn, nn.  Thus there is a 25% chance that she will have a child with the disease if she is heterozygous for the condition and marries a man who is also heterozygous. 

11. What is the chance of getting the following gametes from their parents? 

 Gamete                     Parent                 Probability? 
     RS                         RRSs 
   ABC                     AABBCC 
   ABC                     AaBbCc 
   ABC                     AabbCC 

Answer: The first parent can make only 2 gametes (1x2=2), and one those gametes is RS, so the chance of the parent making the gamete is 1/2 or 50%. 
The second parent can make only 1 gamete (ABC) (1x1x1=1) and that's the gamete listed in the question, so the probability is 1 or 100%. 
The third parent can make 8 gametes (2x2x2=8) and ABC is one of those, so the answer is 1/8. 
The last parent can make only 2 different gametes, and ABC is not one of them, so the probability is 0. 

12. Colorblindness is a recessive X-linked trait.  A female with the disease marries a man without the disease.  They have a child with the disease.  What are the genotypes of each parent?  What is the genotype of the child with the disease?  What is the probability that the next child will have the disease if the two children are different genders?

Answer: Make a key. 
    XNXN: Normal female 
    XNXn: Normal female (carrier)
    XnXn: Colorblind female 
    XNY: Normal male 
    XnY: Colorblind male 

If the female has the disease, then her genotype must be XnXn.  Because the male does not have the disease, he must be  XNY.  If a child has the disease, then it must be a male (XnY), because Dad always passes his good XN on to his daughters.  His sons get his Y chromosome instead, so they always get their X from Mom.  In this case, Mom has two bad X chromosomes (Xn), so her sons will all be colorblind. 

13. The characteristic of fur color in cats is X-linked and codominant.  If a cat has only the yellow allele, it will be yellow.  If it has only the black allele, it will be black.  If it has one of each allele, then it will be calico.  A yellow mother gives birth to 2 yellow and 2 calico cats.  What are the genders of the cats?  What are the genotypes of the parents?  

Answer: Make a key. 
    XAXA: Yellow female 
    XBXB: Black female 
    XAXB: Calico female 
    XAY: Yellow male 
    XBY: Black male 

Because the mother is yellow, you know her genotype is XAXA.  Because some of the kittens are calico, you know their father must be XBY.  Of course the little girls are calico (all calico cats are females), meaning the yellow ones must be boys. 

Mom can only make XA gametes and Dad can make either XB or Y gametes.  Do the cross. 

                                                    Dad 

                                       XB                     Y 

Mom            XA            XAXB             XAY 

14. Sue is Gus’s wife.  She has type A blood while both of Gus’s parents were homozygous type A.  Rebecca has type O blood and her husband Cooper has type B blood.  Cooper’s parents were both type AB.  All four were isolated at a tropical research station on a remote island for 14 months.  Except for Quint, a nearby, tall, blond fisherman and merchant, with type B blood, there were no visitors to the island.  By the end of their stay, both women were giving birth to a baby.  In the confusion of leaving the island while a hurricane was approaching, the two babies got mixed up.  To straighten this situation out, the blood types of the babies were determined.  The baby boy was type AB and the baby girl was type O.  (Determine everyone’s phenotype as best you can.) 

Answer: Sue has type A blood, so she is either AA or AO. 

Gus has to be AA, since both his parents were AA. 

Rebecca has type O blood, so her genotype is OO. 

Cooper has type B blood.  Since his parents both have AB blood, his genotype must be BB, since he could not have received an O allele from either parent, and to have type B blood, your genotype must be BB or BO. 

Quint has type B blood, so his genotype could be BB or BO. 

a) Who were the parents of the baby boy? 
The baby boy has type AB blood, so Sue must be the mother (since Rebecca could not have contributed either an A allele or a B allele (since her genotype is OO).  So Sue must have given the boy his A allele.  So who could have given the child the B allele?  It could not have been Gus, Sue's husband, since his genotype is AA.  Thus the father had to be either Cooper or Quint, who both carry the B allele.  We cannot be certain which one of these two is the father. 

b) Who were the parents of the baby girl? 
The girl's genotype was OO, and since Rebecca is the only woman left, she must have given birth to the girl.  She gave the girl one of its O alleles, but where did the child get its other?  Her husband Cooper is type BB, so he is clearly not the father.  Gus's genotype is AA, so he could not have been the father either.  Quint is BB or BO, so now we know that he is BO and he must be the father of the little girl. 

Here come some divorces!! 

Here is a link to more genetics problems.

Do the Monohybrid crosses (1-11, but ignore #2), Dihybrid crosses (1, 4-7), and Sex-linked Inheritance 1 (1, 3, 5, 6, 7, and 10).
http://www.biology.arizona.edu/mendelian_genetics/mendelian_genetics.html
More Bonus Problems (Not covered in lecture, but could show up on exam)

1. Albinism is caused by an autosomal recessive allele.  A man and woman, both pigmented normally, have an albino child.  What is the probability that their next child will have normal pigmentation? 
 a. ¾          b. ¼          c. 1/2          d. 9/16          e. 0 

Answer: Make a key. 
    NN: normal pigmentation 
    Nn: normal pigmentation 
    nn: albino 

In order for the parents to have an albino child (but be normal themselves), both parents must be heterozygotes.  If both parents are heterozygotes, then the chance of their next child being normal is 75% or 3 in 4. 

2. Roan color in cattle is the result of incomplete dominance.  Homozygous individuals are either red or white.  How would one produce a herd of pure-breeding roan-colored cattle? 
 a. cross roan with roan 
 b. cross red with white 
 c. cross roan with red 
 d. cross roan with white 
 e. It cannot be done. 

Answer: E  Make a key. 
    RR: red 
    Rr: roan 
    rr: white 

It is impossible to make true-breeding roan cattle, as every time two roan cattle mate, they will always produce all three types of cows!  (25% red, 50% roan, and 25% white). 

3. Black fur in mice (B) is dominant to brown fur (b).  Short tails (T) is dominant to long tails (t).  What proportion of the progeny of the cross BbTt x BBtt will have black fur and long tails? 
 a. 1/16             b. 3/16              c. 6/16              d. 8/16              e. 9/16 

Answer: D  There are two ways to solve this problem. 

Method 1: All of the offspring will have black fur because one of the parents is homozygous dominant.  So all we have to look at is tail length (Tt x tt) and 1/2 of the offspring will have long tails. 

Method 2: Do the cross.  The first parent can form four different gametes (BT, Bt, bT, bt) and the second parent can only form one type of gamete (Bt).  Half of the offspring will be black with long tails while half will be black with short tails. 

4. Given the parents AABBCc x AabbCc, assume simple dominance.  What proportion of the progeny will be expected to phenotypically resemble the first parent? 
 a. ¼              b. 1/8              c. ¾              d. 3/8              e. ½ 

Answer: C  There are a couple of ways to solve this problem.  I'll give you the more clever way first. 

The Clever Way: Looking at the first parent, you see that she is homozygous dominant for the first 2 traits, so her offspring will always phenotypically resemble her in those traits.  That leaves just gene C to worry about.  Since both she and her mate are heterozygous for the third gene, 3/4 of the kid will resemble her phenotypically. 

The Slow, Plodding (yet sure-footed) Way: 
Create gametes for both parents. 
    First parent can only make ABC and ABc. 
    Second parent can make AbC, Abc, abC, and abc 

Do the cross. 
                                            First parent 

                                        ABC                ABc 

                    AbC        AABbCC        AABbCc 
Second         Abc         AABbCc         AABbcc 
parent           abC         AaBbCC         AaBbCc 
                     abc          AaBbCc       AaBbcc 

6 out of 8 resemble the first parent phenotypically (that is, they show all three dominant traits).  Those that do not are underlined. 
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