[bookmark: _GoBack]Practice problems for linkage – ANSWERS

1. The frequency of crossing over between any two linked genes will be:
a. higher if they are recessive.
b. dependent on how many alleles there are.
c. determined by their relative dominance.
d. the same as if they were not linked.
e. proportional to the distance between them.

The answer to this question is: e. proportional to the distance between them.


2. The pairwise map distances for four linked genes are as follows: A-B = 22 m.u., B-C = 7 m.u., C-D = 9 m.u., B-D = 2 m.u., A-D = 20 m.u., A-C = 29 m.u. What is the order of these four genes?

A –-----------– D –---------– B –-----------– C
       20 m.u.          2 m.u.            7 m.u.

3. A newly discovered animal species has three variable phenotypic characters: size (T = tall, t = dwarf), head appendages (A = antennae, a = no antennae), and nose morphology (S = upturned snout, s = downturned snout). A series of testcrosses was conducted to determine the genetic relationship between the genes controlling these traits.
a. When a tall individual with antennae was testcrossed with a dwarf, antennae-less individual, the following offspring were obtained: 46 tall, antennae; 7 dwarf, antennae; 42 dwarf, no antennae; 5 tall, no antennae. Are these genes linked or unlinked? If they are linked, calculate the recombination frequency between them. 

These genes are linked because the recombination frequency is less than 50%. The distance between the height and head appendage genes is 12 map units.

b. When an individual with antennae and an upturned snout was testcrossed with an antennae-less individual with a downturned snout, the following offspring were obtained: 47 antennae, upturned snout; 2 antennae, downturned snout; 48 no antennae, downturned snout; 3 no antennae, upturned snout. Are these genes linked or unlinked? If they are linked, calculate the recombination frequency between them.

These genes are linked because the recombination frequency is less than 50%. The distance between the head appendage and nose morphology genes is 5 map units.

c. When a tall individual with an upturned snout was testcrossed with a dwarf individual with a downturned snout, the following offspring were obtained: 40 tall, upturned snout; 9 dwarf, upturned snout; 42 dwarf, downturned snout; 9 tall, downturned snout. Are these genes linked or unlinked? If they are linked, calculate the recombination frequency between them.

These genes are linked because the recombination frequency is less than 50%. The distance between the height and nose morphology genes is 18 map units.

d. Based on your answers to parts a, b & c, draw a genetic map illustrating the positions of the three traits relative to each other. Include genetic distances between any genes that are linked.
(Adapted from Campbell, Biology). 

height –-----------– head appendage –-----------– nose morphology
               12 m.u.                                    5 m.u.
note: The distance calculated between height & nose morphology is larger than the distances from height to appendage + appendage to nose when added up; it is generally true that smaller distances are more accurate.
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