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RECOMBINATION 
 

A.Types of Recombination 

1. Homologous - occurs between sequences that are nearly identical (e.g., during meiosis) 

2. Site-Specific - occurs between sequences with a limited stretch of similarity; involves specific sites 

3. Transposition – DNA element moves from one site to another, usually little sequence similarity involved  

 

B. Biological Roles for Recombination 

1. Generating new gene/allele combinations (crossing over during meiosis) 

2. Generating new genes (e.g.,Immunoglobulin rearrangement)  

3. Integration of a specific DNA element (or virus)  

4. DNA repair 

 

C. Practical Uses of Recombination 

1. Used to map genes on chromosomes 

 - recombination frequency proportional to distance between genes 

2. Making transgenic cells and organisms 
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D. HOLLIDAY JUNCTION 

 

1. At the beginning of the process, two homologous 

chromatids are aligned with each other.  

2. According to the model, a break or nick occurs at 

identical sites in one strand of each of the two 

homologous chromatids. The strands then invade the 

opposite helices and base pair with the complementary 

strands. This event is followed by a covalent linkage to 

create a Holliday junction.  

3. The cross in the Holliday junction can migrate in a lateral 

direction. As it does so, a DNA strand in one helix is 

swapped for a DNA strand in the other helix. This process 

is called branch migration because the branch 

connecting the two double helices migrates laterally.  

4. Because the DNA sequences in the homologous 

chromosomes are similar but not identical, the swapping 

of the DNA strands during branch migration may 

produce a heteroduplex, a region in the double-stranded 

DNA that contains base mismatches. 

5. In other words, because the DNA strands in this region 

are from homologous chromosomes, their sequences are 

not perfectly complementary, yielding mismatches. 

6. The final two steps in the recombination process are 

collectively called resolution because they involve the 

breakage and rejoining of two DNA strands to create two 

separate chromosomes. 

7. In other words, the entangled DNA strands become 

resolved into two separate structures.  
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8. If breakage occurs in the same two DNA strands that were originally nicked at the beginning of this process, 

the subsequent joining of strands produces nonrecombinant chromosomes with a heteroduplex region. 

9. Alternatively, if breakage occurs in the strands that were not originally nicked, the rejoining process results 

in recombinant chromosomes, also with a heteroduplex region. 

 
E. RECOMBINATION AS A MEASURE OF LINKAGE INTENSITY 

 
1. Morgan observed that 900 of the 2441 F2 flies, or 36.9%, had nonparental phenotypic combinations of white 

eyes plus normal wings, and red eyes plus miniature wings. Nonparental combinations of linked alleles are 

called recombinants.  

2. A total of 50% recombinant phenotypes is expected in the case of independent assortment; thus, the lower 

percentage observed is evidence of linkage of the two genes. To explain the recombinants, Morgan proposed 

that, in meiosis,  of genes had occurred between the two X chromosomes of the F1 females. 

3. Morgan’s group analyzed a large number of other crosses of this type. In each case, the parental phenotypic 

classes were the most frequent, and the recombinant classes occurred less frequently. Approximately equal 

numbers of each of the two parental classes, and approximately equal numbers of each of the two recombinant 

classes, were obtained.  

4. Morgan’s general conclusion was that, during meiosis, alleles of some genes assort together because they lie 

near each other on the same chromosome. To turn this statement around, the closer two genes are on the 

chromosome, the more likely they are to remain together during meiosis; hence, they will not assort 

independently. The reason is that the recombinants are produced as a result of crossing-over between 
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homologous chromosomes during meiosis, and the closer two genes are together, the less likely there will be 

a recombination event between them. 

5. The genes on a chromosome, then, can be represented by a one-dimensional genetic map that shows, in linear 

order, the genes belonging to the chromosome. Crossover and recombination frequencies give the linear order 

of the genes on a chromosome and provide information about the genetic distance between any two genes. The 

farther apart two genes are, the greater is the crossover frequency. 

 
F. SOLVED EXAMPLE 

 

 
 
 

 

 


