Test Bank: Chapter Six

Genetic Recombination in Eukaryotes

Chapter 6: Genetic Recombination in Eukaryotes

Multiple-Choice Questions


1.
In a dihybrid the genes are located on different chromosomes. Which of the following diagrams does not represent a stage of meiosis in this organism? (Note: For each answer only some chromosomes may be represented.) 

A)
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B)
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C)
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D)
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*
E)
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2.
A plant of genotype C/C ; d/d is crossed to c/c ; D/D and an F1 testcrossed to c/c ; d/d. If the genes are unlinked, the percentage of c/c ; d/d recombinants will be 

A) 10 

B) 20 

* C) 25 
D) 50 

E) 75 

3.
A plant of genotype C/C ; d/d is crossed to c/c ; D/D and an F1 testcrossed to c/c ; d/d. If the genes are linked, and 20 map units apart, the percentage of c/c ; d/d recombinants will be 

*
A) 10

B) 20 

C) 25 

D) 50 

E) 75 

4.
In Drosophila, the genes R and S are linked. Flies of genotype Rs/Rs and rS/rS are crossed and an F1 obtained. The F1 allele arrangement is called 

A)
recombinant. 

B)
complementary. 

C)
coupling(cis). 

*
D)
repulsion (trans). 

E)
crossover. 

5.
In Drosophila, the two genes w and sn are X-linked and 25 map units apart. A female fly of genotype w+sn+/w sn is crossed to a male from a wild-type line. What percent of male progeny will be w+sn?

A) 0 

* B) 12.5 
C) 25 

D) 37.5 
E) 50 

6.
The maize genes sh and bz are linked, 40 map units apart. If a plant sh+bz/sh bz+ is selfed, what proportion of the progeny will be sh bz/sh bz?

A) 0.40 
B) 0.20 
C) 0.50 
D) 0.10 
* E) 0.04 

7.
In maize, two plants that are both heterozygous for the recessive alleles a and b are crossed. What frequency of double-mutant progeny will appear if a and b are 7.2 map units apart, and both parents carry a and b in repulsion (trans)? 

A) 0.036 
B) 0.063 
* C) 0.001 
D) 0.005 
E) 0.072 

8.
In Neurospora, a, b, and c are auxotrophic mutants (require particular compounds for growth). The mating a b+ × a+ b gives 5% prototrophs (grow on unsupplemented medium). The mating b+ c × b c+ gives 2.5% prototrophs, and the mating a+c × a c+ gives 2.5% prototrophs. Assuming complete interference prevails in the chromosome segment in question, what percentage of prototrophs would you expect in the mating 


a+ b c+ × a b+ c? (Order of mutations may, or may not, be correct. It can be determined on the basis of the two-point crosses above.) 


A) 5% 

* B) 2.5% 
C) 0.125% 
D) 0.0625% 
E) 0%
Note: Since the cross is actually, in the zygote, in the arrangement a+ c+ b/a c b+, only c-b crossovers are required to yield a+ b+ c+ progeny, and these progeny are known to occur at a rate of 2.5%. 

9.
The F, G, and H loci are linked in the order written. There are 30 map units between F and G, and 30 map units between G and H. If a plant F G H/f g h is testcrossed, what proportion of progeny plants will be fgh/fgh if there is no interference? 

A) 0.690
B) 0.310 
* C) 0.155 
D) 0.090
E) 0.045 

10.
Out of 800 progeny of a three-point testcross there were 16 double crossovers, whereas 80 had been expected on the basis of no interference. What is the interference? 

A) 0.10 
B) 0.20 
C) 0.05 
D) 0.50 
* E) 0.80 

11.
In a four-point tetrahydrid testcross, how many phenotypic classes of progeny are expected? 

*
A) 16 
B) 8 
C) 81 
D) 4 
E) depends on gene linkage in the tetrahybrid 

12.
In a cross of two yeast strains of genotypes c+ a+ × c a the progeny were 40 c+ a+, 36 c a, 11 c+ a, and 13 c a+. What is the frequency of recombination?  

A) 76% 
B) 12% 
C) 11% 
D) 13% 
* E) 24% 

13.
In yeast four short viable deletions (1–4) encompassing the ade-1 locus were intercrossed and the ascospores plated on minimal medium to determine if there were any wild-type prototrophic recombinants. The results were as follows, where + means that wild-type recombinants were produced:




1
2
3
4



1


+



2



+



3
+


+



4

+
+


The order of the deletions must be 

*
A) 3-2-1-4 
B) 2-4-1-3 
C) 1-3-4-2 
D) 4-1-3-2 
E) 3-1-2-4 

14.
Mutations 1, 2, and 3 of the Neurospora gene cys-1 are intercrossed, and the frequencies of prototrophic recombinants for the three crosses were as follows: cross 1 × 2, 0.6 per 104; cross 1 × 3, 0.7 per 104; and cross 2 × 3, 1.0 per 105. The mutant site in the middle position must be 

A) 1. 

* B) 2. 
C) 3. 

D) 1 or 3. 
E) 2 or 3. 

15.
In a haploid cross of m × +, which of the following linear octads is an aberrant tetrad arising from gene conversion? 

(A)  ++++mmmm


(B)  ++mmmm++


*
(C)  +++++mmm


(D)  mm++++mm


(E)  mmmm++++

16.
In the Meselson-Radding model, which of the following comes last? 

A)
Strand invasion 

B)
Branch migration 

C)
Chain removal 

*
D)
Resolution 

E)
Ligation 

17.
“Gene conversion” produces aberrant tetrads and occurs only   

A)
around the centromere. 

*
B)
at a crossover site. 

C)
between gene loci. 

D)
between sister chromatids. 

E)
near heterochromatin. 

18.
The signal for initiating “gene conversion” that results in aberrant tetrads is thought to be 

A)
Holliday junctions. 

B)
DNA breaks. 

C)
two paired strands of 5´  3´ polarity. 

*
D)
mispaired nucleotides. 

E)
unequal crossovers. 
Open-Ended Questions


1.
Three genes, each represented by a normal (dominant) and a mutant (recessive) allele, assort independently of one another. The F2 of a cross of the homozygous (A/A ; B/B ; C/C) normal strain with the triply mutant strain (a/a ; b/b ; c/c) will produce 3/4 normal to 1/4 mutant for each character. Using these figures, and without a checkerboard (Punnett square), determine what fractions of the F2 will be of the phenotypes indicated below. Show the component probabilities.


(a) A/– ; B/– ; c/c:
(c) A/–;B/–;C/–:
(e) a/a;B/–;c/c:


(b) a/a;b/b;c/c:
(d) A/–;b/b;C/–:
(f) A/–;b/b;c/c:
Answer: 
(a) 3/4 × 3/4 × 1/4 = 9/64; 
(c) 3/4 × 3/4 × 3/4 = 27/64; 
(e) 1/4 × 3/4 × 1/4 = 3/64; 

(b) 1/4 × 1/4 × 1/4 = 1/64; 
(d) 3/4 × 1/4 × 3/4 = 9/64; 
(f) 3/4 × 1/4 × 1/4 = 3/64


2.
The P, Q, and R loci are all on different autosomes in a certain mammalian species. The S locus however is X-linked. P, Q, R, and S are completely dominant alleles. The following cross was made: female P/p ; Q/q ; R/r ; S/s × male p/p ; Q/q ; r/r ; S. With respect to these four genes


(a) what proportion of sons will phenotypically resemble their fathers?


(b) what proportion of sons will phenotypically resemble their mothers?


(c) what proportion of daughters will phenotypically resemble their mothers?


(d) what proportion of daughters will phenotypically resemble their fathers?


(e) what proportion of daughters will genotypically resemble their mothers?


(f) what proportion of progeny will have one of the parental phenotypes? 
Answer: 



S
P
Q
R
Total


(a)
1/2
1/2
3/4
1/2
3/32 of sons


(b)
1/2
1/2
3/4
1/2
3/32 of sons


(c)
1
1/2
3/4
1/2
3/16 of daughters


(d)
1
1/2
3/4
1/2
3/16 of daughters


(e)
1/2
1/2
1/2
1/2
1/16 of daughters


(f)  6/32 of sons = 3/32 of total; 6/16 of daughters = 6/32 of total; or 9/32 of progeny 
1. In the following cross the genes are inherited independently except for C and D, which are tightly linked and show zero recombination: 



A/A ; b/b ; c/c ; D/D ; e/e ; F/F × a/a ; B/B ; C/C ; d/d ; E/E ; f/f. 



In the F2 what proportion of individuals will be


(a) pure breeding?
(e) phenotypically like either parent?


(b) heterozygous for all loci?
(f) phenotypically unlike either parent?


(c) homozygous recessive for all loci?
(g) genotypically like either parent?


(d) A/a ; B/B ; c/c ; D/D ; E/e ; f/f?
(h) genotypically unlike either parent?
Answer: The F1 is of the following constitution: A/b ; b/B ; cD/Cd ; e/E ; F/f. We see that the C and D loci behave like one locus. 


(a) 1/2 × 1/2 × 1/2 × 1/2 × 1/2 = 1/32;


(b) 1/2 × 1/2 × 1/2 × 1/2 × 1/2 = 1/32;


(c) zero because of the trans arrangement of c and d;


(d) 1/2 × 1/4 × 1/4 × 1/2 × 1/4 = 1/256;


(e) (3/4 × 1/4 × 1/4 × 1/4 × 3/4) + (1/4 × 3/4 × 1/4 × 3/4 × 1/4) = 18/1024;


(f) subtract answer to e from 1; answer = 1006/1024;


(g) (1/4 × 1/4 × 1/4 × 1/4 × 1/4) + (1/4 × 1/4 × 1/4 × 1/4 × 1/4) = 2/1024 = 1/512;


(h) subtract answer to g from 1; answer = 511/512 

4.
A fruit fly of genotype A/a.B/b (parent 1) is crossed to another fruit fly of genotype a/a.b/b (parent 2). The progeny of this cross were:



Genotype
Number of individuals



A/a.B/b
38



a/a.b/b
37



A/a.b/b
12



a/a.B/b
13


(a) What gametes were produced by parent 1 and in what proportions?


(b) Do these proportions demonstrate independent assortment of the two genes?


(c) What can be deduced from these proportions?


(d) Draw chromosomal diagram(s) to illustrate the arrangement of the genes on the chromosomes in parents 1 and 2.


(e) Draw a diagram or diagrams to explain the origin of the two rarest progeny genotypes. 
Answer: 


(a) The proportions were 38% A.B; 37% a.b; 12% A.b; and 13% a.B.


(b) No, because we expect 25% of each under independent assortment.


(c) The two gene pairs must be linked; the %R (RF) = 12 + 13 = 25%, and the two loci are 25 map units apart on the same chromosome.
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(e) Crossover at meiosis in parent 1 to give rise to A  b and a  B gametes. 

5.
In humans the allele N causes an abnormal shape of the patella in the knee (n is the normal allele). A separate gene is concerned with finger length, and the allele B causes abnormally short fingers, whereas b gives normal length. A study focused on people who have both abnormal patellae and short fingers (they were most likely N/n.B/b in genotype), having inherited the N allele from one parent and the B allele from the other parent. These N/n.B/b people mated with normal spouses, producing 40 progeny classified as follows:



Normal
3



Abnormal knees and fingers
2



Abnormal knees only
17



Abnormal fingers only
18


(a) Draw the chromosomes of the N/n.B/b individuals, their parents, and their four types of children, showing the positions of the alleles.


(b) Explain why the four types of children were in the proportions shown. 
Answer: 


(a) 
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(b) Total % R (RF) = (3 + 2)/40 = 5/40 = 12.5%, or 12.5 map units. 

6.
Bar flies have a lifestyle somewhat more exciting than Drosophila. However, when it comes to sex determination, sex linkage, and chromosome behavior, they are identical. A homozygous pink-nosed female is crossed with a male who has glassy eyes. The F1 bar flies are all “normal” (i.e., black-nosed with nonglassy eyes). The F1 then intercrossed to produce an F2, and the progeny are distributed as follows:



310
Normal females



90
Pink-nosed females



155
Normal males



45
Pink-nosed males



155
Glassy-eyed males
45 Pink-nosed, glassy-eyed males



(a) What are the genotypes of the parental bar flies and the F1? Define your symbols using a “+” superscript for the wild-type allele; capitalize genes whose mutants are dominant and use a lowercase symbol for genes whose mutants are recessive.


(b) On the basis of the above genotypes, what is the expected proportion (out of 16) of phenotypes in the F2?


Joe, your spaced-out lab partner, hypothesizes an expected ratio of 8:2:4:1:4:1. Test how his expected ratio fits the observed F2 numbers (repeated below) by means of a chi square test at the 5% level of significance. Show your work and give the items asked for.



Observed
Joe’s


Phenotypes
numbers
expected numbers
Calculations


Normal females
310
320


Pink-nosed females
90
80


Normal males
155
160


Pink-nosed males
45
40


Glassy-eyed males
155
160


Pink-nosed,



glassy-eyed males
45
40


(c) Chi square test formula:


(d) Value of chi-square:


(e) Degrees of freedom:   (1) Formula:                     (2) Answer:


(f) What is the value of chi square at the 5% level of significance (alpha = 0.05) with the number of degrees of freedom you gave in part (e)?


(g) Do the data allow you to reject Joe’s hypothesis given by the expected ratio at the 5% level of significance? How did you decide this? 
Answer: 
(a) Symbols: pink-nosed p, p+; glassy eye gl, gl+; 

female p/p ; gl+/gl+ ×  male p+/p+; gl/Y  male p+/p ; gl+/Y and female p+/p ; gl+/gl


(b) 6 normal:2 pink-nosed females; 3 normal:1 pink-nosed: 3 glassy-eyed:1 pink-nosed, glassy-eyed males



(c) 
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(d) 



Observed
Expected
O – E
(O – E)2
(O – E) 2/E
Chi square



310
320
–10
100
100/320
=
0.31250



90
80
+10
100
100/80
=
1.25000



155
160
–5
25
25/160
=
0.15625



45
40
+5
25
25/40
=
0.62500



155
160
–5
25
25/160
=
0.15625



45
40
+5
25
25/40
=
0.62500



800
800
0



3.12500


(e) (1) Formula: d.f. = total no. classes –1;  (2) Answer: 6 – 1 = 5


(f) 11.070


(g) You cannot reject Joe's hypothesis, since chi square (3.125) is less than 11.070. Note that Joe’s hypothesis has no genetic basis in fact, but these data do not allow you to reject his hypothesis. 

7.
In Drosophila, pure breeding males with hairy legs were crossed to pure-breeding dumpy-bodied females. All the F1 males were wild-type, and all the F1 females had hairy legs. When intercrossed, the F1 flies produced an F2 distributed among four classes, with males and females having similar proportions of phenotypes. The F2 data are shown in the table below.


(a) Define your symbols, using a + superscript for the wild-type allele; capitalize genes whose mutants are dominant, and use a lowercase symbol for genes whose mutants are recessive. Then, give the genotypes of the parents and the F1.


(b) Diagram the chromosomes of the F1 female as they occur in the first meiotic metaphase. Pay particular attention to the number of centromeres and chromatids and the position of genes on the latter. The direction of chromosome movement in anaphase is given by the arrows in the space below. If there is more than one possible orientation of the chromosomes, show it. Use the stick and circle method to diagram the chromosomes (———O———).


In the F2 the following types of flies were produced, distributed equally as to sex:




Observed
Expected



Phenotypes
numbers
numbers
Calculations



Wild-type
138



Hairy legs
140



Dumpy body
60



Hairy, dumpy
62




400


(c) What is the expected ratio?


To the table above add the expected numbers. Compare the expected numbers with the observed numbers by means of a chi square test at the 5% level of significance. Show your work and the items asked for below.


(d) Chi square test formula: 


(e) Value of chi square:


(f) Degrees of freedom:   (1) Formula:                     (2) Answer:


(g) What is the critical value of chi square at the 5% level of significance with the number of degrees of freedom you gave in part (f)?


(h) Do we reject the hypothesis given by the expected ratio at the 5% level of significance? How did you decide this? 
Answer: 
(a) Symbols: hairy legs H, H+; dumpy body d, d+; 

male H/Y ; d+/d+ × female H+/H+ ; d/d  male H+/Y ; d+/d and female H+/H ; d+/d


(b)
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(c) 3:3:1:1


(d) Chi square test formula:
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(e) 



Observed
Expected
O – E
(O – E)/E
Chi square


Wild-type
138
150
–12
144/150
=
0.96


Hairy
140
150
–10
100/150
=
0.67


Dumpy
60
50
+10
100/50
=
2.00


Hairy, dumpy
62
50
+12
144/50
=
2.88



400
400
0


6.51


(f) (1) Formula: d.f. = total no. classes – 1


(2) Answer: 4 – 1 = 3


(g) 7.816


(h) Since chi square (6.51) is less than 7.816, the probability value is greater than 5%; thus, we can retain the hypothesis that the 3:3:1:1 ratio is possible. 

8.
Four possibly different albino strains of Neurospora were each crossed to wild-type. All crosses resulted in 1/2 wild-type and 1/2 albino progeny. Crosses were made between the first strain and the other three with the following results:


1 × 2: 975 albino:25 wild-type


1 × 3:1000 albino


1 × 4: 750 albino:250 wild-type


Which mutations represent different genes and which genes are linked? How did you arrive at your conclusions?
Answer: Genes 1 and 2 are linked, since they yield less than 25% wild-type. Twenty-five percent wild-type is expected for independent assortment, the other recombinant—the double mutant—being among the albino progeny. The 25 wild types in the 1 × 2 cross are presumably accompanied by the albino, reciprocal class (double mutant) in approximately equal frequency. The true RF is thus about 50/1000, or 5%. The expectation of independent assortment is realized in the 1 × 4 cross. The 1 × 3 cross indicates, as far as one can tell, that the two mutations are allelic, since they fail to yield any recombinants among a sizable progeny. 

9.
Two albino strains of Neurospora are crossed. Of 200 progeny, 195 are albino and 5 are wild-type (orange). Each parent, when mated with wild-type, gives 1/2 wild-type and 1/2 albino progeny.


(a) How can you tell that the two mutations involved here represent different genes?


(b) What is your best estimate of map distance between the two mutations and how did you calculate it? 
Answer:


(a) Wild-type progeny indicates recombination between two different genes.


(b) 5 map units: 5/200 wild-type + 5/200 hidden double mutant = 10/200, or 5% recombination. 
7. Dominant alleles at two different loci affect the tail of mice. These genes are linked and both are lethal in the embryo when homozygous. One of the tail genes is called brachyury (T), and these mice have short tails. A third gene, histocompatibility-2 (H-2), is linked to the tail genes and is concerned with tissue transplantation. Mice that are H-2/+ will accept tissue grafts, unlike +/+. A cross was carried out between male T H-2/ + + and female + +/+ + mice, and produced the following baby mice:




Brachy tail, accepts graft 
105



Normal tail, rejects graft
115



Brachy tail, rejects graft
14



Normal tail, accepts graft
16




250



From contingency tables, determine if the linkage between H-2 and T is significant using the chi square test.
Answer: 


[image: image11.png]Observed Expected O-E (O-E7?%E
T |+ |Total T |+ |Tot T | + |Tol H-2 T 2246/576
HZ[105] 16[ 121 H7| 576634125 Hp |+a74]474] 0 + T 2246/614
T [ 1a[5[129 + [ 614[676[125  + [-avalazdl 0 H-2 + 2046f634
Total| 119]131] 250  Total| 115 [135 |250 Total| 0 | 0 T+ 22460676







Chi-square = 144; 



d.f. = (no. classes in rows – 1)(no. classes in columns – 1) = (2 – 1)(2 – 1) = 1; 



p < 0.0001 

11.
In Neurospora, the following crosses yielded progeny, as shown:



a+ b × a b+
a+ c × a c+
b+ c × b c+



980
a+ b
850
a+ c
850
b+ c



1000
a b+
833
a c+
850
b c+



11
a+ b+
169
a+ c+
140
b+ c+



9
a b
148
a c
160
b c



2000

2000

2000


What is the probable gene order and what are the approximate map distances between adjacent genes? 
Answer: 


a——b————————c


     1
15

12.
A corn plant known to be hybrid for three linked genes is testcrossed. The progeny phenotypes and frequencies are:



+ + +
74



a b c
70



a + +
44



+ b c
50



+ + c
4



a b +
2



a + c
368



+ b +
388




1000


Give gene arrangement of the trihybrid, gene order, map distances, and coefficient of coincidence. 
Answer: The trihybrid is b + +/+ a c, with map distances of 15 and 10 units for the two regions. The coefficient of coincidence is 0.0006/0.015 = 0.4. 

13.
A female Drosophila having the mutant characters a, b, and c is mated to a normal male. Both come from true-breeding stocks. The F1 are of two types: The males display the mutant character c, and the females are entirely normal. When intercrossed, the F1 yields the following progeny, distributed similarly in both sexes.



+ + +
426



a b c
53



+ + c
462



a b +
47



+ b c
150



a + +
160



+ b +
148



a + c
154


Give the genotypes of the parentals and F1 individuals, showing linkage relations where and if appropriate. 
Answer: This problem requires taking one gene at a time. The mutant character c, because it appears among F1 males, is clearly sex-linked, and gives the expected F2 ratio, 1:1 normal to mutant in both sexes (781:819). The other mutant characters, clearly recessive, appear in 1/4 of the F2, as expected of autosomal mutations. Confining ourselves to the a and b mutant characters, it is essential to make a table and get the ratios of the four classes. It will be seen that there are 888 +;+; 314 a;+; 298 +;b; and 100 a;b. A simple 9:3:3:1 ratio is indicated, a typical F2 for independent assortment. 
14. A hairy-winged (h) Drosophila female is mated with a yellow-bodied (y), white-eyed (w) male. The F1 are all normal. The F1 progeny are then crossed and the F2 that emerge are:




Females:
Wild-type
757




Hairy
243



Males:
Wild-type
390




Hairy
130




Yellow
4




White
3




Hairy, yellow
1




Hairy, white
2




Yellow, white
360




Hairy, yellow, white
110



Give genotypes of the parents and F1 and note linkage relations and map distances where appropriate. 
Answer: Parents: male +/+; yw/Y and female h/h; ++/++; F1: male +/h; ++/Y and female: +/h; yw/+ +. Linkage relations: h is on an autosome, unlinked to y and w; y and w are on the X chromosome. 10/1000 = 1 map unit. (Note that the ratio of hairy:wild is 1:3 in males also.) 
15. Year of the Tiger. In the year 2010 we will celebrate Chinese New Year on February 10.  It will be the Year of the Tiger, year 4708 in the Chinese calendar. In anticipation of this event, a particular breed of mutant tigers is being developed. In tigers, females are the homogametic sex and males are the heterogametic sex. Wild-type tigers are orange and black, with white stripes; have eyes that glow in the dark and bad breath. The mutant tigers are being selected on the basis of their cheerful and friendly nature. They also have particular traits determined by single genes: albino (a), glowless eyes (g), and sweet breath (b). Crosses are being carried out to determine the relationship of the three gene loci.






[image: image12.png]





True-breeding, wild-type female tigers were crossed to males having all three mutant 



traits (albino fur, glowless eyes, and sweet breath). The F1 male and female tigers were 



wild-type. They were intercrossed in large numbers to produce an F2 of astounding size 



(these were exceptionally fertile tigers). The following phenotypic classes of progeny 



appeared in the F2, where the gene symbols (a, g, and b) designate phenotypes:



Females:
1000
+ + +



Males:
460
+ + +




440
a g b




47
a + +




43
+ g b




6
a + b




4
+ g +


Can you help these tiger breeders determine the linkage relationship of these three genes?



(a) Give the genotypes of the F1 tigers showing gene arrangement and gene order.



Female:
Male:


(b) Give the percent recombination between each pair of genes.


(c) Draw a map showing the positions of all genes and distances between genes, where appropriate.


(d) Give the formula you would use to calculate the coefficient of coincidence.


(e) Calculate the coefficient of coincidence.


(f) Calculate interference. Give the formula and calculation.


(g) If interference was zero, how many individuals in each double-crossover class would you expect?


(h) What can be concluded about the magnitude of interference? 
Answer: 


(a) female +++/g b a  ×  male +++/Y


(b)
a, g:
b, g:
a, b:



10% (10 + 90/1000);
1% (10/1000);
9% (90/1000)


(c) g——b————a



1
9


(d) c.o.c. = obs dco/exp dco = f(obs dco’s)/f(recom – 1) × f(recom – 2)


(e) 0/(.01)(.09)1000 = 0/0.9 = 0


(f) I = 1 – c.o.c. = 1


(g) 0.45


(h) Interference appears to be complete. However, you expect only 2 × 0.45 (0.9) tigers in 1000 tigers. You need to increase the sample size. 

16.
How does the Meselson-Radding model of molecular recombination explain the aberrant ascus ratio of 6:2 in Neurospora? 
Answer: The Meselson-Radding model requires one heteroduplex, with correction to the majority allele (the type that ends up as the “6”). 

17.
If at a mutant site within a gene there is a GC nucleotide pair, and the equivalent site in wild-type is AT, mismatched heteroduplexes of the type GT and AC will form. If the correction mechanism preferentially excises the wild-type nucleotide in both cases, which aberrant octad ratios are expected to be favored? 
Answer: Aberrant ratios in which the mutant is in excess will be favored. So, 6m:2+ > 6+:2m and 5m:3+ > 5+:3m. 

18.
In the cross a1 + × + a2 (where a1 and a2 refer to mutational sites within gene A), the following ascus is obtained: a1 + a1 a2   a1 a2 + a2. Describe with a diagram what events may have produced this ascus (at the molecular level). 
Answer: The ratios for a1 and a2 are both 3:1. There is no evidence of polarity, which indicates that “gene conversion” as part of recombination is occurring. The best explanation is that two separate excision-repair events occurred and, in both cases, the repair retained the mutant rather than the wild type. 

19.
In Drosophila, the lozenge locus is on the X chromosome. Recessive lozenge mutations (lz) make the eye an oval shape instead of the usual round shape. Furthermore, it is known that when two mutations occur within the lozenge gene, the phenotype is extreme lozenge (more oval than one lozenge mutation). The genes sn and v are closely linked to either side of lz. Three single mutations, lz3, lz4, and lz7, were obtained and used in the following experiments:



Experiment 1: In 12,000 progeny of a female of genotype sn lz4 v/+ lz7 +, most   




males were regular lozenge phenotype, but two males were phenotypically 


extreme lozenge and of v phenotype, and one other male had wild-type eyes and was of sn phenotype.



Experiment 2: In 14,000 progeny of a female of genotype sn lz3 v/+ lz7 +, most 


males again were of regular lozenge appearance, but one male had wild-type eyes and was of v phenotype, and three males had extreme lozenge eyes and were of sn phenotype.
(a) Draw gene diagrams (maps) that illustrate the difference between wild-type, lozenge, and extreme lozenge.


(b) Illustrate the origin of the rare males with the aid of diagrams.


(c) Explain why the rare males are rare.


(d) What do the results tell us about the relative positions of the mutant sites at the lozenge locus in relation to sn and v?
(a) In the progeny of a + lz3 v/sn lz4 + female, what should be the sn and v phenotypes of rare lozenge males and males with wild-type eyes?

 

Answer: 


(a)

Wild
___________________



Lozenge
____*______________



Lozenge
__________*________



Extreme
____*_____*________


(b) Crossovers between mutant sites in lozenge locus.


(c) The mutant sites are close, so crossovers are rare.


(d) sn–3–4–7–v


(e) The cross is +–3+–v/sn–+4–+, so wild types will be sn v and extremes ++ 


20.
The Year of the Horse began February 12, 2002.  In the Chinese calendar it is Year 4700.  Last summer in anticipation of the Chinese New Year, a new breed of horses was developed.   They had brown coats and were piebald (spotted).  Males from this new breed were crossed to true-breeding females that were dilute black.  The F1 males and females were solid black.  They were testcrossed (to a triple mutant) and produced the following eight classes of male and female baby horses.

  
Black, piebald

    ++p
         42
Symbols   
  
Dilute, brown

    db+
         43
b = brown



  
Black


    +++
       140
d = dilute



  
Dilute, brown, piebald
    dbp
       145
p = piebald



  
Dilute, black, piebald
    d+p
           6



  
Brown


    +b+
           9

  
Dilute, black

    d++
       305


  
Brown, piebald
    +bp
       310





     1000

(a) Give the genotypes of the parental horses, showing gene arrangement and gene order.
(b) Diagram the chromosomes of the F1 female at metaphase I using the “stick and circle” method to represent a chromosome   ------------O------------.  The diagram should reflect correct gene arrangement and gene order.

(c) Give the % recombination between each pair of genes.

(d) Draw a map showing the positions of all genes and distances between genes, where appropriate.

(e) Give the formula and calculate the coefficient of coincidence.

(f) Calculate interference.
Answer:
(a) male   bp+    X     female   ++d      

    bp+                          ++d

(b)   b     p      +                          +      +      d

     
---------------------

---------------------

     
---------------------

---------------------





or

   

     
---------------------

---------------------

     
---------------------

---------------------

        
       +      +      d

    b      p      +

(c) b, d:  10% + 30% = 40%  (if double crossovers not included: 370/1000 = 37%)

b, p:  100/1000 = 10%

d, p:  300/1000 = 30%

            (d)       
     10 

30

        

 b-------p---------------------d

       

 [_____ 40_____________]

(e) Coefficient of coincidence:  observed dco’s =  observed dco’s     

                 
 
                           expected dco’s      RF(1) x RF(2)

                                                           
                 =  15 / [(.1) (.3) (1000)] = 0


(f)  Interference (I) = 1 – coefficient of coincidence  = 0.5

