
Biology 6 Practice Genetics Problems (chapter 15) 
 
Linked genes are located on the same chromosome, and alleles on the same chromosome assort together 
during meiosis unless crossing over occurs between them.  The closer together the two genetic loci, the 
less likely crossing over will occur between them.  The farther apart the two genetic loci, the more likely 
crossing over will occur between them.  NOTE:  Recombination generally occurs between two non-sister 
chromatids only, the other two non-sister chromatids do not undergo recombination as shown below. 

 
 
The original “nonrecombinant” arrangement of alleles (i.e., before recombination) is referred to as 
parental, and the arrangement of alleles after recombination occurs between the two genetic loci is 
referred to as recombinant.  When an individual is heterozygous for both linked genes, a test cross (cross 
with an individual homozygous recessive for both genes) will reveal the frequency of recombinant 
chromosomes and thus the frequency of recombination between the two genetic loci. 
 

 
 

If crossing over occurs 100% of the time between two linked genes, the result is 50% recombinant 
chromosomes in gametes and 50% parental chromosomes (as revealed by a test cross).  This would be the 
case only if the genetic loci are at opposite ends of a chromosome, which produces the same basic 
outcome as with unlinked genes (50% parental genotypes, 50% recombinant genotypes).  If 
recombination occurs less than 100% of the time between two genes (which is the case for the vast 
majority of linked genes), this results in <50% recombinant chromosomes and >50% parental 
chromosomes.  Thus a frequency of <50% recombinant chromosomes in gametes is evidence that two 
genes are linked. 
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When two genes are known to be linked, the distance between them can be expressed in linkage map 
units (LMU).  One LMU is defined as a 1% frequency of recombinant gametes.  For example, if a test cross 
involving linked genes results in 10% recombinant phenotypes (and thus 10% recombinant chromosomes 
in gametes), the two linked genes are said to be 10 LMU apart.  The maximum distance between two 
linked genes is 50 LMU.   
 
Use the concepts above to solve the following problems: 
 
 

1. Gene 1 has two possible alleles – a dominant A allele and a recessive a allele.  Gene 2 also has 
two possible alleles – a dominant B allele and a recessive b allele.  An individual with genotype 
AA BB is crossed with an individual with genotype aa bb yielding dihybrid offspring with the 
genotype Aa Bb.  One of the dihybrid individuals is test-crossed with an individual of genotype aa 
bb yielding the following offspring: 

 
411  Aa Bb 
  97  Aa bb 
103  aa Bb 
389  aa bb 

 
a) What percent of offspring inherited a recombinant chromosome? parental chromosome? 

20% recombinant, 80% parental 
 

b) Are these two genes linked?  How do you know? 

Yes.   The recombinant phenotypes are significantly less than 50%. 
 
c) If the genes are linked, how many map units separate them?  

The genes are separated by 20 LMU. 
 

2. In a particular plant species, single genes determine flower color and plant height and the genes 
are located on the same chromosome.  A true-breeding plant that is tall with red flowers is 
crossed with a true-breeding plant that is short with white flowers.  All of the offspring are short 
and produce red flowers.  

 
a) Determine which alleles for each gene are dominant vs recessive, and using your own  

symbols, indicate the genotypes of each true-breeding parent and the dihybrid offspring. 

Tall red (ss RR)  x  short white (SS rr)   short red (Ss Rr) 
 

b) Indicate what cross you would do to determine the distance in LMU between the two genes. 

Test cross:   short red dihybrid (Ss Rr)  x  tall white (ss rr) 
 
c) After carrying out the cross you indicated above, you get the offspring indicated below.    

Using these values, indicate the distance between these two genes in LMU. 

72 tall with red flowers 
68 short with white flowers 
29 tall with white flowers 
31 short with red flowers 

 

         These two genes are separated by 30 LMU:   (31 + 29)/200 x 100% =  30 



3. A series of test crosses reveals that genes A, B, C and D are located on the same chromosome 
and are separated from each other by the indicated LMU.  Construct a linkage map based on this 
information. 

 
   gene pair   map distance 
     A and B        18 LMU 
     A and C        37 LMU 
     A and D         3 LMU 
     B and C        19 LMU 
     B and D        21 LMU 
     C and D        40 LMU 
 

   C   B  A   D 
    19  18      3 

 
4. In Drosophila, normal (wild-type) body color is gray.  A recessive allele for a particular autosomal 

gene results in a purple body color (p).  A recessive allele for a different gene on the same 
chromosome results in a wingless fly (w).  The two genetic loci are 24 LMU apart.  A true-
breeding purple fly with normal wings is crossed with a true breeding gray fly with no wings.  All 
of the offspring are gray with normal wings.  Indicate the probabilities of all possible phenotypes 
in the offspring of an F1 dihybrid fly and a gray fly with no wings that is heterozygous for the gene 
determining body color.  
 

p+p w+w   x   p+p ww 
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    31%  gray with normal wings 
    44%  gray with no wings 
    19%  purple with normal wings 
      6%  purple with no wings 


