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INTRODUCTION 

 Each species of organism must contain 

hundreds to thousands of genes 

• Yet most species have at most a few dozen 

chromosomes 

 Therefore, each chromosome is likely to 

carry many hundred or even thousands of 

different genes 

• The transmission of such genes will violate 

Mendel’s law of independent assortment 



 In eukaryotic species, each linear 

chromosome contains a long piece of DNA 

• A typical chromosome contains many hundred 

or even a few thousand different genes 

 The term linkage has two related meanings 

• 1.  Two or more genes can be located on the 

same chromosome 

• 2.  Genes that are close together tend to be 

transmitted as a unit 

 LINKAGE AND CROSSING 

OVER 



 Chromosomes are called linkage groups 

• They contain a group of genes that are linked together 

 

 The number of linkage groups is the number of 

types of chromosomes of the species 

• For example, in humans 

 22 autosomal linkage groups 

 An X chromosome linkage group 

 A Y chromosome linkage group 

 

 Genes that are far apart on the same chromosome 

may independently assort from each other 

• This is due to crossing-over 



Crossing Over May Produce 

Recombinant Phenotypes 
 In diploid eukaryotic species, linkage can be altered 

during meiosis as a result of crossing over 

 

 Crossing over 

• Occurs during prophase I of meiosis at the bivalent stage 

• Non-sister chromatids of homologous chromosomes 

exchange DNA segments 

 

 Figure illustrates the consequences of crossing 

over during meiosis 



The haploid cells contain 

the same combination of 

alleles as the original 

chromosomes 

The arrangement of linked 

alleles has not been altered 



These haploid cells contain a 

combination of alleles NOT 

found in the original 

chromosomes 

These are 

termed 

parental or 

non-

recombinant 

cells 

This new combination of 

alleles is a result of 

genetic recombination 

These are termed 

nonparental or recombinant 

cells 



Bateson and Punnett Discovered Two 

Traits That Did Not Assort Independently 

 In 1905, William Bateson and Reginald Punnett 

conducted a cross in sweet pea involving two 

different traits 

• Flower color and pollen shape 

 This is a dihybrid cross that is expected to yield a 

9:3:3:1 phenotypic ratio in the F2 generation 

• However, Bateson and Punnett obtained surprising 

results 

 Refer to Figure  

 



Figure 5.2 
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A much greater proportion 

of the two types found in 

the parental generation 



Bateson and Punnett Discovered Two 

Traits That Did Not Assort Independently 

 They suggested that the transmission of the two 

traits from the parents was somehow coupled 

• The two traits are not easily assorted in an independent 

manner 

 

 However, they did not realize that the coupling is 

due to the linkage of the two genes on the same 

chromosome 

 



Morgan Provided Evidence for the 

Linkage of Several X-linked Genes 

 The first direct evidence of linkage came from 

studies of Thomas Hunt Morgan  

 Morgan investigated several traits that followed an 

X-linked pattern of inheritance 

 Figure 5.3 illustrates an experiment involving three 

traits 

• Body color 

• Eye color 

• Wing length 
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Figure 5.3 
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 Morgan observed a much higher proportion of the 

combinations of traits found in the parental generation 

P Males  

P Females  

 Morgan’s explanation: 

• All three genes are located on the X chromosome  

• Therefore, they tend to be transmitted together as a unit  



 To explain these data, Morgan considered the 
previous studies of the cytologist F.A Janssens 

 

 Janssens had observed chiasmata microscopically 
• And proposed that crossing over involves a physical 

exchange between homologous chromosomes 

 

 Morgan shrewdly realized that crossing over 
between homologous X chromosomes was 
consistent with his data 

 

 Crossing over did not occur between the X and Y 
chromosome 
• The three genes were not found on the Y chromosome 
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 Morgan made three important hypotheses to 
explain his results 
• 1.  The genes for body color, eye color and wing length 

are all located on the X-chromosome 
 They tend to be inherited together 

• 2.  Due to crossing over, the homologous X 
chromosomes (in the female) can exchange pieces of 
chromosomes 
 This created new combination of alleles 

• 3.  The likelihood of crossing over depends on the 
distance between the two genes 
 Crossing over is more likely to occur between two genes that are 

far apart from each other 

 

 Figure 5.4 illustrates how crossing over provides 
an explanation for Morgan’s trihybrid cross 
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Figure 5.4 

These parental phenotypes are 

the most common offspring 

because the genes are far apart 

These recombinant offspring 

are not uncommon 
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Figure 5.4 

because the genes are very close together 

These recombinant offspring 
are fairly uncommon 

These recombinant offspring 

are very unlikely 

1 out of 2,205  


