Fall 2005 BICD100 Genetics

MIDTERM 1 RESULTS AND ANSWER KEY
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BICD100 MT1 FA05


As you know, this class is not curved.  In this exam, this worked in your favor – a curve would have made the grading harsher.  Including the extra credit, one third of the class got some kind of an A, over half got some kind of a B, and an unprecedented 39 students got a perfect score (A+).

Extra credit question:
if you estimated your score within +/- 0.5 points, you got +1 extra credit (29% of students)

if you estimated your score within +/- 1.0 points, you got +0.5 extra credit (15% of students)

Exam Versions: there were two slightly different versions of the exam. Answer keys for both version are included here.

REGRADE REQUESTS MUST BE RECEIVED BY
OCTOBER 31, 2005, 09:00AM

If your exam has an error in grading (i.e. points given does not match the grading key) you can submit it for a regrade. Attach a note clearly explaining which question was graded in error. Hand to Prof. Reinagel at class or deliver to Pac Hall 3100C (slide under door if nobody there).

BICD100 FA05 MT1 VERSION A KEY
Question 1.  (5 points) VERSION A
You perform a cross between a pure breeding purple-leafed plant and a pure-breeding green-leafed plant (generation P, parental). All the progeny have green leaves (F1). You self-cross the F1 progeny and analyze 100 plants from the F2 generation.

cross 1: purple-leafed X  green-leafed 
(P)
progeny:         all green-leafed 

(F1)

cross 2: self-cross F1 plants
progeny:
83 green, 17 purple

(F2)

a) Using letters of your own choosing, state the genotypes of the two parents (P) in cross 1, using a capital letter for the dominant allele.  ½ pt
purple-leafed parent:  aa
green-leafed parent:   AA
b) Using the symbols chosen in (a), state all the genotypes appearing in the F1 and F2 generations, their phenotypes, and in what ratio they are expected according to Mendel.   2 pts
Genotype                          Phenotype

F1                    Aa  ½ pt                           Green  ½ pt

F2           1AA:2Aa:1aa                         3 Green: 1 Purple
                       1/2 pt                                          ½ pt
c) Use a Chi Square test to determine whether the observed data ARE CONSISTENT WITH Mendel’s predicted ratio, with a confidence of P<0.05. Show your work and put a box around the 2 value, the P value, and circle your yes/no answer below. 
2.5 pts
O                  E                 (O-E) 2             (O-E)2/E
83                75                     64                      0.853
17               25                     64                          2.56
                                                                     Chi square = 3.41
Df= 2-1=1              0.05<P<0.1
Circle one:   
YES 
the data are consistent with the predicted ratio 
NO 
the data are significantly different from the predicted ratio

Partial credit:

½ pt for correct df

½ pt for correct obs and exp values

½ pt fro correct chisquare value

½ pt for correct p value

½ pt for circling yes

Question 2. (2 ½ points) VERSION A
You are sent on the Mars mission to determine if Martian heredity follows the same Mendelian rules or not.   If you understand how Mendel’s rules explain the segregation ratios found on Earth, you should be able to predict other ratios from other (non-Mendelian) rules.
a) Mendel concluded that on Earth, both alleles of a heterozygote are equally likely to appear in the gametes (equal segregation). Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of phenotypes expected in the progeny of an Aa x Aa cross, on the NON-Mendelian theory that Martian gametes are produced unequally: 60% dominant allele, 40% recessive allele.

A(.6)

a(.4)


A(.6)
AA(.36)
Aa(.24)
A_=.36+.24+.24=.84

a(.4)
Aa(.24)
aa(.16)

aa=.16






21:4

Worth 2pts
Partial credit:

+1 couldn’t do problem but understood gametes frequencies 

+1 not counting both ways to make heterozyg, but otherwise correct

+1.5 correct genotype ratios but didn’t give phenotype ratios

b) Mendel also concluded that the allele present in the male gamete does not bias which allele will be present in the female gamete (random fertilization).  For part (b), assume equal segregation.  Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of phenotypes expected in the progeny of an Aa x Aa cross, on the NON-Mendelian theory that on Mars, the male gametes are twice as likely to fertilize an egg with the same allele than an egg with the opposite allele. 
Worth 0.5 pt, no partial credit

Father     Fertilizing

   Mother


2/3 A
AA=0.5X2/3=1/3

          /

0.5A/

        \


1/3 a
Aa=0.5X1/3+0.5X1/3=1/3


1/3A

          /

0.5a






A_=1/3+1/3=2/3

        \






aa=1/3

          2/3 a 
aa=0.5X1/3=1/3


2:1

Question 3 (3 points) VERSION A
You have two purebred varieties of skrewts, one that has yellow spots and a short tail, the other has blue spots and a long tail.   You cross your two purebred varieties and all the F1 progeny have blue spots and long tails. You cross the F1 hybrids to eachother and obtain 100 F2 progeny with phenotypes as shown below:









GENOTYPE(S)

 P
 yellow, short

x
  blue, long
__aabb (x) AABB_____________

F1
 

blue, long


_____ AaBb_____________




(self F1)

F2

51
blue, long


 A_B_ /AaBb, AABB, AaBB, AaBB
25
blue, short


A_bb/ AAbb, Aabb
19
yellow, long


aaB_/ aaBB, aaBb
5
yellow, short


aabb

a) Using letters of your own choosing, using a capital letter for the dominant alleles, write out ALL the genotypes of the P, F1 and F2 classes on the lines provided above.

points= 1; minus ½ for failure to write all the genotypes

b) Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of the GENOTYPIC classes you expect within the F2 PHENOTYPIC class of blue-spotted, short-tailed skrewts.

AAbb or Aabb

 p(AA): 1/3

p(Aa): 2/3

1 AAbb: 2 Aabb               points= ½ for answer
use either Punnett square, tree diagram or probability
points= ½ for work shown
c) To which of the two parental strains would you cross the F2 progeny to verify the ratios you predicted in part (b)?  Just state the phenotype and genotype of the parent you would choose:
Phenotype: yellow, short

points= 1/2

Genotype: aabb


points= 1/2

Note: answer had to show understanding of test cross in some way to receive points. Giving the genotypes of both the parents did not give any points. 
Question 4 (3 points) VERSION A
State the most likely mode of heredity in the following pedigrees and give the two BEST reasons for your conclusion.
a)



[image: image2]
mode:  X-LINKED RECESSIVE(0.5)

reason 1: Parents of affected individual are not affected(shows that it is recessive).   (0.5)

reason 2:Only males are affected through their carrier mother and there is a      gender bias(0.5)
b) 
[image: image3]
mode:AUTOSOMAL RECESSIVE(0.5)
reason 1:Parents of affected individual are not affected ( shows that it is recessive). (0.5)

reason 2:both males and females are affected(no gender bias) (0.5)
Question 5 (4 points) VERSION A
a)  Albinism is inherited as a rare autosomal recessive. In the figure below, assuming that persons from the general population are not heterozygous for albinism (Aa), what are the genotypes of all persons whose genotypes are known? (i.e., indicate the genotypes on the figure for all known AA, Aa, and aa individuals) 
[image: image4.png]Do dha00 0
Sadldpss

red: Aa (heterozygous) 1pt
0.5 pt if miss some

black: aa (homozygous recessive) 1pt
0.5 pt if miss some




b) What is the probability that the individual marked with an arrow is a carrier? Show your reasoning.
III-8 is normal but has an albino offspring (aa), so he must be a carrier (Aa).

At least 1 of III-8’s parents, II-5 or II-6, has to be Aa in order to pass an a allele to III-8.

Additionally, II-6 is from the general public, and albinism is rare, so II-6 is AA.

Therefore normal II-5 has to be Aa.

II-5 x II-6 = Aa x AA ( 1/2 AA and 1/2 Aa 

So P(III-10 to be Aa) = 1/2

III-11 is AA since she’s married from outside.

If III-10 is Aa: 

III-10 x III-11 = Aa x AA ( 1AA:2Aa:1aa

So there is 2/4 = 1/2 chance for their offspring to be Aa if III-10 is Aa.

P(IV-9 to be Aa) = P(III-10 to be Aa) x P(IV-9 to be Aa if III-10 is Aa) = 1/2 x 1/2 = 1/4
Key: 0.5 pt for stating mom is AA; 0.5 pt for stating P(dad is Aa) = 1/2

         0.5 pt for P(IV-9 to be Aa if dad is Aa) =1/2; 0.5 pt for answering 1/4
Question 6 (2 ½ points) VERSION A
The two parents of a cross have the genotypes:
Parent 1 
Aa BB Cc dd Ee   

Parent 2 
aa Bb CC Dd EE
a) How many different kinds of gametes can Parent 1 form?  How many different kinds of gametes can Parent 2 form?  How many squares would you need in a Punnett square to diagram this cross?

Parent 1: (2)(1)(2)(1)(2) = 8 types of gametes
[0.5 pts]
Parent 2: (1)(2)(1)(2)(1) = 4 types of gametes
[0.5 pts]
8 x 4 = 32 squares 

[0.5 pts]
b) What fraction of the progeny will have the same phenotype as Parent 1?

P= (1/2) (1) (1) (1/2) (1) = 1/4

[0.5 pts]

c) What fraction of the progeny will be homozygous for all the traits?

P= (1/2) (1/2) (1/2) (1/2) (1/2) = 1/32

[0.5 pts]

Question 7 (5 points) VERSION A
Most flies have red eyes. You have two different pure-breeding strains of orange-eyed flies, with exactly the same colored eyes.  In each strain individually, it is known that the orange-eyed phenotype is conferred by a recessive allele of a single Mendelian trait.  You cross the two pure-breeding orange-eyed strains to eachother and the F1 flies have red eyes.  You  self-cross the F1 flies to characterize the F2.

a) What does the phenotype of the F1 flies suggest about the relationship of the two alleles?

b) What fraction of the F2 flies do you expect to have orange eyes?  Using Punnet squares, tree diagrams, or probability equations to show your reasoning, EXPLAIN WHY this fraction would occur.
a) (1 point) complementation

Partial credit

1/2pt for saying complementation but don’t know what complementation is (obvious from part b).

b) (4 points)


P
AAbb x aaBB (both orange)


F1
AaBb (all red)


F2


	
	AB
	Ab
	aB
	ab

	AB
	AABB

red
	AABb

red
	AaBB

red
	AaBb

red

	Ab
	AABb

red
	Aabb

orange
	AaBb

red
	Aabb

orange

	aB
	AaBB

red
	AaBb

red
	aaBB

orange
	aaBb

orange

	ab
	AaBb

red
	Aabb

orange
	aaBb

orange
	aabb

orange


7/16 are orange (a dominant copy of both A and B are required to be red)

Partial credit:

3 pt for correctly working wrong 2 hybrid cross (redundancy, epistasis, suppression)

2 pt for correctly working wrong 1 hybrid cross (haploinsufficiency, codominance)

1 pt for attempt at something relevant

Error deductions:

-1/2pt for wrong phenotypes (phenotypes don’t match their model)

-1/2 pt for extra, unnecessary gene
BICD100 FA05 MT1 VERSION B KEY
Question 1.  (5 points) VERSION B
You perform a cross between a pure breeding purple-leafed plant and a pure-breeding green-leafed plant (generation P, parental). All the progeny have green leaves (F1). You self-cross the F1 progeny and analyze 100 plants from the F2 generation.

cross 1: purple-leafed X  green-leafed 
(P)
progeny:         all green-leafed 

(F1)

cross 2: self-cross F1 plants
progeny:
77 green, 23 purple

(F2)

a) Using letters of your own choosing, state the genotypes of the two parents (P) in cross 1, using a capital letter for the dominant allele.  ½ pt
purple-leafed parent:  aa
green-leafed parent:   AA
b) Using the symbols chosen in (a), state all the genotypes appearing in the F1 and F2 generations, their phenotypes, and in what ratio they are expected according to Mendel.  2 pts
                     Genotype                          Phenotype

F1                    Aa  ½ pt                           Green  ½ pt

F2           1AA:2Aa:1aa                         3 Green: 1 Purple
                       1/2 pt                                          ½ pt
c) Use a Chi Square test to determine whether the observed data ARE CONSISTENT WITH Mendel’s predicted ratio, with a confidence of P<0.05. Show your work and put a box around the 2 value, the P value, and circle your yes/no answer below. 

2.5pts
O                  E                 (O-E) 2             (O-E)2/E
77                 75                     4                      0.0533
23                  25                     4                          0.16
                                                                     Chi square = 0.2133
Df= 2-1=1              0.5<P<0.9
Circle one:   
YES 
the data are consistent with the predicted ratio 
NO 
the data are significantly different from the predicted ratio

Partial credit:

½ pt for correct df

½ pt for correct obs and exp values

½ pt fro correct chisquare value

½ pt for correct p value

½ pt for circling yes

Question 2. (2 ½ points) VERSION B
You are sent on the Mars mission to determine if Martian heredity follows the same Mendelian rules or not.   If you understand how Mendel’s rules explain the segregation ratios found on Earth, you should be able to predict other ratios from other (non-Mendelian) rules.

a) Mendel concluded that on Earth, both alleles of a heterozygote are equally likely to appear in the gametes (equal segregation). Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of phenotypes expected in the progeny of an Aa x Aa cross, on the NON-Mendelian theory that Martian gametes are produced unequally: 40% dominant allele, 60% recessive allele.


A(.4)

a(.6)


A(.4)
AA(.16)
Aa(.24)
A_=.16+.24+.24=.64

a(.6)
Aa(.24)
aa(.36)

aa=.36






16:9

Worth 2pts

Partial credit:

+1 couldn’t do problem but understood gametes frequencies 

+1 not counting both ways to make heterozyg, but otherwise correct

+1.5 correct genotype ratios but didn’t give phenotype ratios

b) Mendel also concluded that the allele present in the male gamete does not bias which allele will be present in the female gamete (random fertilization).  For part (b), assume equal segregation.  Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of phenotypes expected in the progeny of an Aa x Aa cross, on the NON-Mendelian theory that on Mars, the male gametes are twice as likely to fertilize an egg with the opposite allele than an egg with the same allele. 
Worth 0.5 pt, no partial credit

Father     Fertilizing

   Mother


1/3 A
AA=0.5X1/3=1/6

          /

0.5A/

        \


2/3 a
Aa=0.5X2/3+0.5X2/3=4/6


2/3A

          /

0.5a






A_=4/6+1/6=5/6

        \






aa=1/6

          1/3 a 
aa=0.5X1/3=1/3


5:1 

Question 3 (3 points) VERSION B
You have two purebred varieties of skrewts, one that has red spots and a short tail, the other has blue spots and a long tail.   You cross your two purebred varieties and all the F1 progeny have blue spots and long tails. You cross the F1 hybrids to eachother and obtain 100 F2 progeny with phenotypes as shown below:









GENOTYPE(S)

 P
 red, short

x
  blue, long
_______ aabb (x) AABB 

F1
 

blue, long


__________ AaBb _______




(self F1)

F2

59
blue, long


A_B_ /AaBb, AABB, AaBB, AaBB
14
blue, short


A_bb/ AAbb, Aabb
19
red, long


aaB_/ aaBB, aaBb
8
red, short


aabb
a) Using letters of your own choosing, using a capital letter for the dominant alleles, write out ALL the genotypes of the P, F1 and F2 classes on the lines provided above.

points= 1; minus ½ for failure to write all the genotypes

b) Using Punnet squares, tree diagrams, or probability equations to show your reasoning, derive the ratio of the GENOTYPIC classes you expect within the F2 PHENOTYPIC class of blue-spotted, short-tailed skrewts.

AAbb or Aabb

 p(AA): 1/3

p(Aa): 2/3

1 AAbb: 2 Aabb

points= ½ for answer
use either Punnett square, tree diagram or probability
points= ½ for work shown
c) To which of the two parental strains would you cross the F2 progeny to verify the ratios you predicted in part (b)?  Just state the phenotype and genotype of the parent you would choose:
Phenotype: red, short


points= 1/2

Genotype: aabb


points= 1/2

Note: answer had to show understanding of test cross in some way to receive points. Giving the genotypes of both the parents did not give any points. 
Question 4 (3 points) VERSION B
State the most likely mode of heredity in the following pedigrees and give the two BEST reasons for your conclusion.

a)
[image: image5]
mode: AUTOSOMAL RECESSIVE (0.5)
reason 1: Parents of affected individual are not affected ( shows that it is recessive).  (0.5)

reason 2: both males and females are affected (no gender bias). (0.5)
b) 

[image: image6]
mode: X-LINKED RECESSIVE (0.5)

reason 1: Parents of affected individual are not affected(shows that it is recessive).(0.5)

reason 2: Only males are affected through their carrier mother and there is a gender bias (0.5) 
Question 5 (4 points) VERSION B
a)  Albinism is inherited as a rare autosomal recessive. In the figure below, assuming that persons from the general population are not heterozygous for albinism (Aa), what are the genotypes of all persons whose genotypes are known? (i.e., indicate the genotypes on the figure for all known AA, Aa, and aa individuals) [image: image7.png]iy
5

omobhho

red: Aa (heterozygous) 1pt

0.5 pt if miss some

black: aa (homozygous recessive) 1pt
0.5 pt if miss some




b) What is the probability that the individual marked with an arrow is a carrier? Show your reasoning.
Person IV-5 is albino: genotype is aa

He must receive one a from each parent, so each parent has at least an a.

Additionally, parents are both not albino, so they must have at least an A.

So both parents have to be heterozygous Aa.

Parent Aa x Aa(offspring 1AA:2Aa:1aa

*we know IV-4 can’t be aa since she is not albino.

So the ratio of possible genotypes for IV-4 is 1AA:2Aa:1aa
She has 2/3 or 66.67% chance of being a carrier (Aa).

Key:

0.5 pt for stating father is Aa

0.5 pt for stating mother is Aa

0.5 pt for stating/showing 1:2:1 ratio

0.5 pt for getting 2/3

Question 6 (2 ½ points) VERSION B
The two parents of a cross have the genotypes:

Parent 1 
Aa BB Cc dd EE   

Parent 2 
aa Bb CC Dd Ee
a) How many different kinds of gametes can Parent 1 form?  How many different kinds of gametes can Parent 2 form?  How many squares would you need in a Punnett square to diagram this cross?  Show your reasoning.
Parent 1: (2)(1)(2)(1)(1) = 4 types of gametes
[0.5 pts]
Parent 2: (1)(2)(1)(2)(2) = 8 types of gametes
[0.5 pts]
8 x 4 = 32 squares 

[0.5 pts]
b) What fraction of the progeny will have the same phenotype as Parent 1? Show your reasoning.
P= (1/2) (1) (1) (1/2) (1) = 1/4

[0.5 pts]

c) What fraction of the progeny will be homozygous for all the traits? Show your reasoning.
P= (1/2) (1/2) (1/2) (1/2) (1/2) = 1/32

[0.5 pts]

Question 7 (5 points) VERSION B
Most flies have red eyes. You have two different pure-breeding strains of pink-eyed flies, with exactly the same colored eyes.  In each strain individually, it is known that the pink-eyed phenotype is conferred by a recessive allele of a single Mendelian trait.  You cross the two pure-breeding pink-eyed strains to eachother and the F1 flies have red eyes.  You  self-cross the F1 flies to characterize the F2.

a) What does the phenotype of the F1 flies suggest about the relationship of the two alleles?

b) What fraction of the F2 flies do you expect to have red eyes?  Using Punnet squares, tree diagrams, or probability equations to show your reasoning, EXPLAIN WHY this fraction would occur.

a) (1 point) complementation

Partial credit

1/2pt for saying complementation but don’t know what complementation is (obvious from part b).

b) (4 points)


P
AAbb x aaBB (both orange)


F1
AaBb (all red)


F2


	
	AB
	Ab
	aB
	ab

	AB
	AABB

red
	AABb

red
	AaBB

red
	AaBb

red

	Ab
	AABb

red
	Aabb

pink
	AaBb

red
	Aabb

pink

	aB
	AaBB

red
	AaBb

red
	aaBB

pink
	aaBb

pink

	ab
	AaBb

red
	Aabb

pink
	aaBb

pink
	aabb

pink


9/16 are red (a dominant copy of both A and B are required to be red)

Partial credit:

3 pt for correctly working wrong 2 hybrid cross (redundancy, epistasis, suppression)

2 pt for correctly working wrong 1 hybrid cross (haploinsufficiency, codominance)

1 pt for attempt at something relevant

Error deductions:

-1/2pt for wrong phenotypes (phenotypes don’t match their model)

-1/2 pt for extra, unnecessary gene













































































































































