Some new wrinkles in notation and convention: Linkage
Some bits from your text, pages 108-110:

Concerning three genes in tomatoes, for the traits yellow (wild)/purple, elongated (wild)/round and dry (wild)/juicy. In all cases, the wild type allele is the dominant allele.

Here’s the mating in the problem: p+ r+ j+ / p r j   X   p r j / p r j
1. Notation: allelic symbols. You all know the convention of using a capital letter for the dominant allele and a lower case letter for the recessive allele. Most problems on linkage will use a slightly more sophisticated system of symbols. In this system, the symbol given to the gene comes from the mutant (non-wild type) form. For instance, in the case of our tomatoes, the symbol for the first gene would be “p” (for purple), the second would be “r” (for round) and the third would be “j” (for juicy). The symbols are lower case because in all of these genes, the mutant allele is recessive to the wild type.  The wild type is represented by the same symbol with a “+” attached. The “+” indicates “the wild type allele for this gene.” So the symbol for yellow would be p+, for elongated r+, and for dry j+. In some cases a shorthand is used which eliminates the letter in these symbols completely, thus representing the wild type allele simply with a “+.” This shortcut system is used only in situations where it’s easy to figure out just *what* gene’s wild type allele is meant.
Note something else unusual about the way this mating is written. Usually, when we write a genotype we group the alleles for each gene together, so we’d write the genotype of that first parent as p+ p r+ r j+ j and the second parent as p p r r j j. So why did I group them differently for this problem? This style is used specifically in a case when we know the genes involved are linked. Besides telling you that the first parent is heterozygous for all three genes, this also tells you that the linkage is p+ r+ j+ linked on one chromosome and p r j linked on the second chromosome. (Note that there are other possible ways these could be linked. For example, they could be linked p+ r j+ / p r+ j. But in this problem, all of the wild type alleles are linked together and all of the mutant alleles are linked together.) The slash (/) between the two groups of alleles also tells you you’re dealing with linked genes.
2. The mating is a test cross. [Most mapping crosses are test crosses, in which one parent is homozygous recessive for all genes; some mapping crosses involving X-linked genes mate females heterozygous for all genes to any male, then count only the male offspring.]

Why use a test cross? The information you want in a linkage mating concerns frequency of crossing over. If your offspring (the source of your data) include crossing-over information from both parents, you have a very confusing situation. If you use a test cross, the only crossing over that matters is that in the heterozygous parent; the homozygous recessive parent contributes the same thing to every offspring, no matter how much crossing over occurs. Not only that, but if all of your dominant alleles come from one parent, that parent will completely control the phenotypes of all of the offspring; the homozygous recessive parent contributes nothing but recessive alleles, so the dominant alleles from the other parent control everything. Thus all crossovers in the heterozygous parent will be exposed by the phenotypes of the offspring. 

Why use heterozygous females and score only male offspring for X-linked traits? The reasoning here is very similar to that for the test cross. Since males get only one X chromosome, and that comes only from the female parent, the female completely controls the phenotypes of the male offspring, and thus any crossing over in the female’s chromosomes will show.

On page 108, your book shows you the result from this mating:

	Class
	Phenotypes of offspring
	Number
	Genotype of gamete from heterozygous parent

	1
	Wild type for all genes
	179
	p+ r+ j+

	2
	Purple, round, juicy
	173
	p   r   j

	
	
	
	

	3
	Yellow, round juicy
	52
	p+  r  j

	4
	Purple, elongated, dry
	46
	p  r+  j+

	
	
	
	

	5
	Yellow, round, dry
	22
	p+  r  j+

	6
	Purple, elongated, juicy
	22
	p   r+  j

	
	
	
	

	7
	Yellow, elongated, juicy
	4
	p+ r+  j

	8
	Purple, round, dry
	2
	p  r  j+

	
	
	
	

	
	Total =
	500
	


Note that the first two classes are reciprocals of each other, as are the third and fourth, the fifth and sixth and the seventh and eighth. Your offspring will always contain pairs of reciprocal classes. Also note that the numbers of offspring in each pair of reciprocal classes are nearly the same—the first two are 179 and 173, the second 52 and 46, etc. In fact, if you just looked at the eight numbers and grouped them by the pairs of closest numbers, you’d come out with the same pairs of classes that we identify by looking for reciprocals. (Why?)
Even more significantly, notice that the eight numbers (of offspring in the eight classes) are not all close to the same number. If this were a mating involving three unlinked genes, every one of our phenotypic classes would be expected to contain about the same number of offspring. 

Now look at just these two columns of data:

	Phenotypes of offspring
	Genotype of gamete from heterozygous parent

	Wild type for all genes
	p+ r+ j+

	Purple, round, juicy
	p   r   j

	
	

	Yellow, round juicy
	p+  r  j

	Purple, elongated, dry
	p  r+  j+

	
	

	Yellow, round, dry
	p+  r  j+

	Purple, elongated, juicy
	p   r+  j

	
	

	Yellow, elongated, juicy
	p+ r+  j

	Purple, round, dry
	p  r  j+

	
	

	Total =
	


If you examine these carefully, you’ll see that the left column (phenotypes of offspring) and the right column (gamete from heterozygous parent) really say the same thing. The phenotypes just say it in descriptive words, the gametes in symbols. But for example, the first entry is “wild-wild-wild,” the second is “mutant-mutant-mutant,” the third is “wild-mutant-mutant,” the fourth is “mutant-wild-wild,” etc. This is the result of the way this cross is set up—as a test cross where the only thing that affects the phenotype of the offspring is the gamete they inherit from the heterozygous parent. 

Because of this, you will very often see the offspring presented exactly like that right-hand column, assuming that you’ll realize, though what’s written is actually the genotype of a gamete, it also represents the phenotype of a class of offspring.
