Dr. Nedwidek Genetics Research Complementation and Recombination Notes: 10/15-18/2013
Aim 1: How do we relate epistasis to complementation? (Griff 240-top of 246)

Agenda items: Your next exam is Tuesday, October 22, 2013.

DN: What is a pathway? Contrast epistatic with hypostatic.  

Complementation tests allow you to see if two mutations affect the same gene or affect two different genes in a pathway.

Pathway Models:

-The three models of epistasis we discussed all involve pathways.

-Interactions we looked at in plants control pigment formation.  What is the advantage to controlling pigment formation?  

-Outcomes/color phenotypes are easy to assess.

-Importantly, the “wildtype” enzymes are not necessarily dominant but need only to be present to rescue certain phenotypes.  What is rescue?  Recall that the phenotypes we talk about now, while they can manifest as dominant and recessive can also present with presence or absence of pigment.  Against intuition, as evident in dominant epistasis, the LACK of pigment can be dominant.  Likewise, the presence of pigment can be recessive.  Or the pigment may simply be expressed (+) or not (-).

Let’s consider harebell flowers: pages 235-238 from Griffiths: Complementary genes same pathway.

-wild type is blue color.  

-Mutants $ and £ are both in the same gene. Mutant ¥ is in another gene.  Both genes make enzymes that are needed for blue pigment.  So some mutations can still allow pigment to be made as long as a complete gene is present:

Diploid, case 1:
Gene 1
  Gene2

Diploid, case 2:
Gene 1
Gene 2
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Why are the respective enzymes made in case 1?  In case 2?

___________________________________________________________________________________________________

___________________________________________________________________________________________________

Complementation is the production of a wild type phenotype when two haploid genomes bearing different recessive mutations are present or united in the same cell; recall that the interactions happen within the environment of the cytoplasm, where gene products interact.  Don’t think of this like mixing fingerpaints, people.  It is more complex.



Enzyme 1 OK



Enzyme 2 OK

Colorless pigment precursor 1------------------( colorless pigment precursor ----------------------( blue flower

-In harebells, if either enzyme 1 or enzyme 2 is absent, blue cannot be made because intermediate phenotypes are colorless.  Hence, we see the all-or-nothing, 9:7 phenotypic ratios.  Remind yourself that the presence of an expressed gene is not necessarily dominant, and that “dominance” is not always the way genetic traits interact.

9:7 ratios for complementary genes result when a double mutant has the same phenotype as two single mutants.  In other words, +/+ yields one phenotype while +/-, -/+ or -/- are all the same.

The memory or mnemonic device I gave you previously can be summed up as:

9 DOM DOM

convert this to

9 +/+

so you can apply it to all 

3 DOM REC

---------------(

3 +/-

types of genetic penetrance
3 REC DOM




3 -/+

1 REC REC




1 -/-

Moving on to blue-eyed mary: Recessive Epistasis

9:3:4 ratios (recessive epistasis) also involve  pathways, but in this case, intermediate phenotypes are allowed.  Blue-eyed Mary utilizes a pathway like this:

            w+, enzyme 1


m+, enzyme 2

white--------------------------------(magenta/pink----------------------------------(blue

-plants are pink only if enzyme 1 is made.

-plants are blue only if enzymes 1 and 2 are  made.

-In this case, gene w+ is  epistatic to m+; m+ is hypostatic to w+

Explain the relationship between w+ and m+ in layman’s terms:

________________________________________________________________________________________________

________________________________________________________________________________________________

And on to foxgloves: like you care!!!!!!!!: Dominant Epistasis
More on Foxglove Plants: Name Origin, Medicinal Use:  From   http://landscaping.about.com/od/plantsforshadyareas/p/foxglove_plants.htm
According to the University of Arkansas Cooperative Extension, "The name foxglove is from the old English name "foxes glofa." It comes from an old myth that foxes must have used the flowers to magically sheath their paws as they stealthily made their nocturnal raids into the poultry yards of rural folk. The association is natural for the foxgloves grew on the wooded hillside slopes that foxes chose for their dens."
The scientific genus name also refers to the fact that foxglove flowers are just about the right size for you to slip your fingers into them, as the Latin, digitalis literally translates, "measuring a finger's breadth."
As with many poisonous plants, foxglove was traditionally used by expert herbalists for medicinal purposes. Even today, drugs made from foxglove plants are used to strengthen the heart and regulate heartbeat.
Back to analytics, because all we really care about is genetically controlled pigments, not chicken killing foxes in boots:

12:3:1 ratios (dominant epistasis) also involve intermediates.  In the case of foxgloves, one gene determines whether pigment is made while the other determines where (cellularly) it is made.  The two gene products interact.  The dominant form at one locus blocks pigment production.  If the block is lifted, two intermediates are allowed, depending on which other genes are present.

As below:



w-


D+

White -----------------------------------( pink--------------------------------( red

           ------------------------------------||



W+

If W+, no other pigments are made in the body of the flower, only in throat spots.

If w-, the first block is released, allowing pink, or red if D+ is there.

And finally, let me introduce the concept of suppressors, addressed briefly in the chart of modified ratios we discussed. 

-Suppressors are not to be confused with epistasis.  A suppressor restores a wild type state of a gene, called a revertant, while epistasis refers to the relationship between discrete genetically produced intermediates in a process.   Suppressors involve a molecular change at the level of DNA—a super-mutation, if you will, that reverses the initial mutation that impaired production of your target gene of interest, or produces a substance that augments the mutated gene product so that the wild type phenotype is restored.  Suppressors are the last thing I speak of here because they can relate to mutations that arise or move due to recombination events, which is our next focus area.
Aim 2: What is the effect of recombination on independent assortment of linked genes? (intro to recombination)
Epistasis:                                                                                          A   B   C

Pathway notation for intermediates 1,2,3,4 and enzymes A,B,C: 1(2(3(4

If enzyme A is epistatic to enzyme B, and we knockout A, what products get made? ___

If enzyme C is hypostatic to B, and we knockout C, what products get made? ___

Other varieties of gene interaction include penetrance and expressivity.

Complementation:                         A    B

Consider or look more closely at 1(2(3.  Assume this is a new case; assume the unlikely event that A is linked to B because I don’t want to change my lettering from above, and note that epistatic genes usually are unlinked.

__A______b__

__a______B__
Two arrangements complement one another as shown.

Factors act in trans…rescue occurs.  Proceed to: ___

__A_____B__

__a______b__
Factors act in cis.  Proceed to: ___

__a______B__

__A______b__
Factors act in trans.  Proceed to: ___

__a______B__

__a______B__
Halt at ___.  No rescue.

__A______b__

__A______b__
Halt at ___.   No rescue.

__A______B__

__A______B__
Factors act in cis.  Proceed to: ___.

__a______b__

__A______b__
Halt at ___.  No rescue.

__a______B__

__a______b__
Halt at ___.  No rescue.

When two genes “complement” one another, we say they can rescue a particular function.  They interact to perform it.  Recombination events along a chromosome can “shuffle” available genes in gametes.  Complementation tells you if two mutations are in the same gene or two different ones.  Recombination data allows you to map how far apart two different genes are when they are linked to one another.

A recombinant refers to new allele combinations.  When the recombinant frequency (RF) is > or = 50%.  This indicates genes assort independently:

-We map diploids using a “test cross” background.  

-Parental and nonparental “types” indicate RF and hence distance.

-Genes farther apart recombine MORE than those which are closer together (RF higher if farther!). Why?
-We identify recombinants based on the following tetrads, generating gametes for AaBb:

After replication:

 _A__B_

|_A__B_

 _a___b_

|_a___b_

After crossovers:

 _A___B_

|_A___B_

 _a_X_b_

|_a____b_

Results in the following 4 ditypes:

 _A__B_
parental

|_A__b_
recombinant

 _a__B_
recombinant


|_a___b_
parental

made evident by crossing with tester strain aabb which looks like: (see page 109 griff):

 _a___b_

|_a___b_

The phenotypes of the following resultant offspring are evidence of gene order and distance:

_A__B_


_a___b_

_A__b_


_a___b_


_a___B_
_a___b_

_a___b_

_a___b_

-Because crossovers interfere with the orientation of allele sets relative to one another, they can be used to establish their distance apart.

-Genes in epistatic pathways are typically but not always unlinked.  

Conventions of Notation:
For linkage,

1) Alleles on the same homolog have NO punctuation between them.

2) A slash separates 2 homologues.

3) Alleles must be written in the same order on each homolog.

4) Unlinked genes are separated by a semicolon.

5) Unknown linkage is separated by a dot.

6) Linkage cannot be notated until after crosses are analyzed.

Recall that:

1) Linkage is the frequent exception to independent assortment.

2) Crosssovers are the exception to linkage.

3) Recombinants reflect that there is a different meiotic input than a meiotic output.

When the individual A/a·B/b (note change in notation from above; order is not specific) undergoes meiosis, the following outcomes occur:

A·B
parental ditype

a·b
parental ditype

A·b
nonparental ditype/recombinant

a·B
nonparental ditype/recombinant

You may wonder how the determination is made as to what are parental ditypes and what are recombinants.  This is determined by how many of each offspring result in the tester cross.  Of course, the ____________ ditype will be the predominant class of offspring.  If unknown, the gene order and distance is thus determined by how many of the _____________ ditypes occur.

When examining two genes, data for crossovers are insufficient to establish the order of genes…Why?  One needs crosses that examine three loci simultaneously to map genes successfully.  

Important concepts are illustrated as follows, and skills will be covered by or before your test October 22nd: 

Morgan Experiment, Griffiths 131

Three-point test cross, Griffiths 140

Homework Problems, pp 176-177, Griffiths: questions 42, 50
We will try to go over those homework problems on Friday October 18 and Monday October 21 in advance of your exam.
