Linkage, crossover and mapping problems

1.
In a particular breed of flowering plants, two genes on the same chromosome determine flower color and leaf color.  For flower color, blue (B) is dominant to pink (b); and for leaf color, white leaves (W) are dominant to green (w).  A di-hybrid plant with blue flowers and white leaves is crossed with a plant that has pink flowers and green leaves.  The phenotypes of the progeny plants are as follows: 

blue flowers and white leaves--370 plants

blue flowers and green leaves--14 plants 

pink flowers and white leaves--12 plants 

pink flowers and green leaves--363 plants 



What is the frequency of recombination between these two genes ?

2.
X, Y and Z are linked genes.  Based on testcross data, the frequency of recombination between genes X and Y was found to be 33.1 map units; between genes X and Z the distance was 11.8 mu; and between genes Y and Z the distance was 21.3 mu.  



What is the order of these three genes on the chromosome?

3.
The mutations cinnabar (cn, bright red eyes) and vestigial (vg, malformed wings) are linked in the second chromosome of Drosophila.  Among 1000 progeny of the cross cn vg / + + females x cn vg / cn vg males, the following genotypes of progeny were observed:  

	cn vg / cn vg
	455

	cn + / cn vg
	35

	+ vg / cn vg
	45

	+ + / cn vg
	465


From these data, estimate the frequency of recombination between the cn and vg genes?

4.
A color-blind (X-linked recessive) human with Klinefelter syndrome has parents both of whom have nomal color vision.


a.
From which parent did he receive his extra X chromosome?


b.
Did nondisjunction occur during meiosis I or II in the parent who gave him the 


extra chromosome?

5.
In guinea pigs, white coat (w) is recessive to black coat (W) and wavy hair (v) is 
recessive to straight hair (V).  A breeder crosses a guinea pig that is homozygous 
for white coat and wavy hair with a guinea pig that is black with straight hair.  The F1 
are then crossed with guinea pigs having white coats and wavy hair in a series of 
testcrosses.  The following progeny are produced from these testcrosses:
	black, straight
	30

	black, wavy
	10

	white, straight
	12

	white, wavy
	31

	total
	83


a.
Are the genes that determine coat color and hair type assorting independently?  
Carry out chi-square tests to test your hypothesis.
b.
If the genes are not assorting independently, what is the recombination 
frequency between them?

Answers

1.
3% (or 3 map units)  (in linkage problems of this type, you must first classify the progeny in terms of whether they are recombinant or nonrecombinant.)  

2.
X-Z-Y
3.
8% (or 8 map units)

4.
a.
XEY x XEXe ( XeXeY; from the female parent


b.
meiosis II (for a diagram of the process, see the answer to question 4 under “X-


linked Characteristics”)
5.
Because a total of 83 progeny were produced in the testcrosses, we expect ¼ of 83 
= 20.75 of each.  The observed numbers of progeny from the testcross (30, 10, 
12, 31) do not appear to fit the expected numbers (20.75, 20.75, 20.75, 20.75) well, 
so independent assortment may not have occurred.

To test the hypothesis, carry out a series of three chi-square tests.  First, look at 
each locus separately and determine if the observed numbers fit those expected 
from the testcross: 


For the locus determining coat color, the cross Ww X ww is expected to produce ½ Ww (black) and ½ ww (white) progeny or 41.5 of a total of 83 progeny.  Ignoring the hair type, we find that 30+10 = 40 black progeny and 12+31 = 43 white progeny were observed.  So, the observed and expected values for this chi-square test are:
	Phenotype
	Observed
	Expected

	black
	40
	41.5

	white
	43
	41.5

	
	
	



The chi-square value is:



((observedexpected)expected



= (40 – 41.5)2/41.5 + (43 – 41.5)2/41.5 = 0.108


The degrees of freedom are n – 1, where n equals the number of expected 


classes.  There are two expected classes (black and white), so there is 1 degree 


of freedom.  On the basis of the calculated chi-square value in the chi-square 


table, the probability is greater than 0.05 (the critical probability for rejecting the 


hypothesis that chance might be responsible for the differences between 



observed and expected numbers), so the black and white progeny are within the 


1:1 ratio expected in a test cross.

Next, compute a second chi-square value comparing the number of straight (42) and 
wavy progeny with the numbers expected from the testcross (41.5).




(=0.012

The degree of freedom = 1.

The probability associated with this chi-square value is much greater than 0.05, 
so straight and wavy progeny are in a 1:1 ratio.  

Having established that the observed numbers for each trait do not differ from the 
numbers expected from the testcross, we next test for independent assortment.  
With independent assortment, 20.75 of each phenotype are expected.  



(= 118.44
The degrees of freedom = 2 – 1 = 1 (two categories: recombinant and nonrecombinant)

The probability associated with this chi-square value is much less than 0.05, 
indicating that chance is very unlikely to be responsible for the differences 
between the observed numbers and the numbers expected with independent 
assortment.  The genes for coat color and hair type have not assorted 
independently.

To determine the recombination frequencies, identify the recombinant progeny:


30 black, straight (nonrecombinant progeny)



31 white, wavy (nonrecombinant progeny)



10 black, wavy (recombinant progeny)



12 white, straight (recombinant progeny)


Recombination frequency = 26.5%
