Review of BASIC transmission genetics

If you need a little refresher, go through this material.

1.  Review of Meiosis and Mendels laws

Example 1: A cross which demonstrates Mendel’s Law of Segregation:

True-breeding axial flowers  X   True-breeding terminal flowers



F1

100% axial flowers  X



F2

axial (75%) : terminal(25%)      =  3 :1

1.  How many traits are segregating?

2.  Which trait(s) is/are dominant?

3.  Why?

4.  Designate an abbreviation for each trait (give alleles of the same gene the same letter, different case).  Fill in the genotypes.

5.  How do you know which phenotypes represent alleles of the same gene?

6.  How does this cross demonstrate segregation?  Segregation of what?

Mendel’s Law of segregation:  The two members of a gene pair (alleles) segregate (separate) from each other in meiosis 1.  Half the resulting spores/gametes carry one allele, the other half of the spores/gametes carry the other allele.  

Example 2: A cross which demonstrates Mendel’s Law of Independent Assortment:

True-breeding, purple      X      True-breeding, white 



       axial flowers                         terminal flowers


F1

100% white, axial flowers     X

1.  How many traits are segregating?

2.  Which trait(s) is/are dominant?

3.  Why?

4.  Designate an abbreviation for each trait (give alleles of the same gene the same letter, different case).  Fill in the genotypes.

5.  How do you know which phenotypes represent alleles of the same gene?

6.  What is the outcome of the F1 self?  Use a Punnett square. 

7.  How does this cross demonstrate independent assortment?  What is assorting independently?

8.  Convince yourself that there are 2 overlapping 3:1 phenotypic ratios.

Mendels Law of Independent Assortment:  During spore/gamete formation, the segregation of one gene pair is independent of other gene pair.  (Is this always true?)

Physical interpretation:


Segregation:  Homologous chromosomes separate at meiosis


Independent Assortment:  Different chromosomes segregate 





independently at meiosis

2.  The concept of the TestCross

The Testcross is the most important and fundamental cross.  


A "tester" is a homozygous line that carries completely recessive (or codominant) alleles of the genes you are interested in.  A testcross is any cross to the appropriate tester.  The tester allows you to "watch" events (segregation, recombination or independent assortment) that happen in one parent (the "tested" parent), without complication from the "tester" parent.  A testcross allows you to determine the genotype of the tested parent.  It is also a mapping cross.  It’s also the cross to use when you don’t know what to do.      

Where the 2 examples above testcrosses?


Lets use a Punnett square to visualize the power of the Testcross:

Consider the famous genes a and b, in the cross A//a  ;  B//b selfed.  In this case, genes a and b are on different chromosomes.

	           X
	AB
	Ab
	aB
	ab

	AB
	AABB
	AABb
	AaBB
	AaAb

	Ab
	AABb
	AAbb
	AaBb
	Aabb

	aB
	AaBB
	AaBb
	aaBB
	aaBb

	ab
	AaBb
	Aabb
	aaBb
	aabb


There are 9 different genotypes (4:2:2:2:2:1:1:1:1), and 4 different phenotypes (9:3:3:1).

PROBLEM:  There are more genotypes, than phenotypes.  To make this easy to understand, we want each phenotype to represent a unique genotype.

THE TESTCROSS:  

	             X
	AB
	Ab
	aB
	ab

	ab
	AaBb
	Aabb
	aaBb
	aabb


Or, with the progeny written as tested/tester:

	             X
	AB
	Ab
	aB
	ab

	ab
	AB/ab
	Ab/ab
	aB/ab
	ab/ab



There are 4 different phenotypes, and 4 different genotypes. 

You can see that the tester parent contributes nothing to the phenotype of the progeny of the test cross.  That is, the phenotype of the progeny reflect exactly the genotype of the gametes of the tested parent.  


Additionally, we learned that the female parent in this cross was a double het (in case we did not know).  Yes, we can learn that from the self, but it is more straightforward in the testcross.

What is the tester for a D8, Tp1 plant (both are dominant mutants in corn)?

3.  Recombination and linkage


What if Mendel had used genes that were close on the same chromosome?  For example 2 above, if axial (A) and white (W) were 20 cM apart, the outcome of the F1 self cross would be:   51% axial, white; 24% axial, purple; 24% terminal, white; 1% terminal, purple.  Not only is it hard to calculate map distance from these results, there are hidden recombinants!  Again, there are more genotypes than phenotypes.  Note that the genotypes and phenotypes are the same, it’s their ratio that has changed.  Try to confirm these numbers for yourself.  This situation would be totally clear if we did a testcross.  We could calculate map distance in our heads in a second!


These “non-Mendelian” ratios indicate linkage between these two genes.  Linkage means these genes are on the same chromosome.  How close are they?  We measure the GENETIC distance between 2 genes using % recombination (= “map units” = centiMorgans= cM).  Genetic distance is solely based on recombination.  For example, there is no recombination in the male Drosophila (this is a conveniences for Drosophila geneticists-why?).  Technically, all the genes on each chromosome of a male Drosophila are completely linked.  There is no genetic distance between any 2 genes on any chromosome.  The chromosomes still segregate independently.  This also illustrates the fact that there can be different genetic distances between genes in a male verses a female of the same species.  


Does this mean there are different physical distances between genes in male and female Drosophila?  Not at all.  Genetic distance is only based on recombination.

Genetic distance is proportional to physical distance.  Gene order is the same genetically and physically


The percent recombination is somewhat proportional to the physical distance between two genes.

Example:  If the genes p and s are far from each other there is much opportunity for a recombination event to happen between them.  If p and s are close, there is less chance that a recombination event will happen between them.

To calculate map distance from a testcross, use this handy formula:


% recombination=mu=cM= (recombinant progeny/total progeny)  X  100

4.  Determining map distance with the two factor crosses


“Factors” are genes.  The purpose of the two factor cross is usually to determine map distance between two genes.  The cross used is a type of testcross.  The mapping testcross is always a heterozygote crossed to a recessive homozygous tester.

Example of a 2 factor cross:    R is dominant to r, T is dominant to t

A Two Factor Cross question:

Lg1=wildtype

lg1= liguleless1 (no ligule on the maize leaf)

Gl2=wildtype

gl2=glossy2 (no juvenile leaf waxes leading to a glossy appearance)


outcome 1
outcome 2
Wildtype G and wildtype L

67


12

Wildtype G and liguleless

12


67

glossy and wildtype L


15


75

glossy and liguleless


75


15

1.  Using the numbers under “outcome 1”, what is the map distance between the genes lg1 and gl2?

2.  What would be the testcross if the results were “outcome 2”?

3.  Why did I write out one generation before the testcross?

5.  Determining map distance and gene order with The Three Factor Cross


In addition to genetic distance, a three factor cross can establish which gene is in the middle.  Example:

The progeny fell into these phenotypic classes:


phenotype
number


	1.
	m w y
	3501

	2.
	y + + 
	25

	3.
	w + +
	3

	4.
	m + + 
	1720

	5.
	y w + 
	1734

	6.
	w m +
	35

	7.
	m y +
	6

	8.
	+ + +
	3471


What are the distances between the genes, and which is in the middle?

How to approach this problem:


Note which allele came into the triple het together.  m w y were on one chromosome, and + + + were on the other.  (This is different then + w y and 

m + +!!)   m w y and + + + are the Parental (non-recombinant) types.  These sets of allele will end up in gametes together most often.


Put the 8 progeny types into 4 reciprocal classes.  The number of progeny per class is a clue:


m w y
3501


+ + + 
3471


m + + 
1720


y w + 
1734


w m +
35


y + + 
25


w + + 
3


m y +
6


These can be assigned to “parental”, “single recombinant”, or “double recombinant” based on numbers, and your knowledge of which alleles can into the het together.


The double recombinant class tells you which gene is in the middle.  This allele has been separated from the two other in the het by two recombination events (rare).


Calculate map distance for each gene pair using the formula for map distance:

Recombination between m and w:
1720 + 1734 + 3 + 6) / 10495 = 33cM

(any class where m and w are not together anymore)

Recombination between w and y:
35 + 25 + 3 + 6) / 10495 = 0.7cM

Recombination between m and y:
1720 + 1734 + 35 + 625 / 10495 = 33.5cM


y  w                                                                             m


0.7cM
33cM


33.5cM

A three factor cross for you to try:

The progeny fell into these phenotypic classes:


phenotype
number


	1
	B r t
	592

	2
	B R T
	94

	3
	B r T
	5

	4
	B R t
	40

	5
	b R T
	580

	6
	b r t
	89

	7
	b R t
	3

	8
	b r T
	45


Solution:

	1
	B r t
	592

	5
	b R T
	580


	2
	B R T
	94

	6
	b r t
	89


	4
	B R t
	40

	8
	b r T
	45


	3
	B r T
	5

	7
	b R t
	3


Recombination between B and T
(94 + 89 + 3 + 5)/1448 = 13.2%

(anywhere there is BT or bt)

Recombination between r and T
(40 + 45 + 3 + 5)/1448 = 6.4%

(anywhere there is rT or Rt)

Recombination between B and R
(94 + 89 + 40 + 45)*/1448 = 18.5%

(anywhere there is BR or br)


b                                          t                 r


13.2cM
6.4cM


19.6cM

*  Add 2X the double recombinant class (2 x 8 = 16) to this class and it = 19.6%.  13.2 + 6.4 =19.6.  


Does one cross-over interfere with the other in the “double recombinants”?  If there was no interference, the expected frequency of double recombinants would be the product of the two single recombinant classes (0.132 x 0.064 = 0.0084) times the total number of progeny (0.0084 x 1448 = 12 progeny).  In this example of real data, there were only 8 progeny where 12 could be expected.  Thus there is interference.  Note that if there was no interference, the map distances would be a tiny bit bigger.

