Exploring Axolotl Genetics

IN Standard: 7.4.3 Explain how, in sexual reproduction, a single specialized cell from a female merges with a specialized cell from a male and this fertilized egg carries genetic information from each parent and multiplies to form the complete organism.

Objectives:

· apply Mendel’s laws of genetics to the Mexican axolotl.

· predict the parental genotypes when given a particular set of offspring genotypes. 

Materials:

· Pictures of a variety of axolotl pigments (or access to internet pictures)
· Dissecting microscopes and/or magnifying glass
· Axolotl genetics handout and worksheet
· Axolotl larvae with known parental genotypes
Introduction (50 minutes)

Axolotls can provide an excellent illustration of dominant and recessive traits.  By identifying the genes that control pigment in the axolotl, students can apply their knowledge of genetics to understanding the diversity of appearance in axolotls.  It helps if students are familiar with Mendel’s experiments and some of the associated terminology.

Start by revisiting Mendel’s findings.  Differentiate between genotype/phenotype, heterozygotes/homozygotes and dominant/recessive.  Remind students that some traits Mendel saw were dominant (always showed up when present) and some were recessive (only visible when dominant allele was not present).  Show a picture of an axolotl and explain that this animal’s pigment is also controlled by genetics.  Some of the pigment patterns are dominant and some are recessive.  Axolotls have two copies (alleles) of each gene- one from each parent.

Explain that axolotls have three main pigments:  yellow, dark and iridescent (reflective).  The combinations of these pigments and their distribution, controlled by various genes, result in the variety of colors we see in axolotls.  Show a picture of a wild-type axolotl.  This animal has all of the pigments distributed normally and is what you would most likely see in nature.  Make sure students note the reflective eyes because this is one of the best ways to check for the presence of iridescent pigment.   Begin describing and showing pictures of pigment mutations and the genes that control them and give students a note-sheet they can record on and refer to as they do their exercises later.  Explain that normal (or wild-type) alleles are denoted by a capital letter and recessive alleles are denoted by lowercase letters.  All of the following mutations are controlled by recessive alleles.

White:  This recessive gene affects the distribution of all three pigments on the axolotl’s body.  Pigment is normally distributed evenly on the body but an axolotl that is homozygous white produces a normal amount of pigments that do not migrate properly.  White animals typically appear pink in color with dark eyes.  However, if the white mutation is combined with other mutations the appearance might be different as will be described later.  The symbol for a normal allele of this gene (called dark) is “D” and the mutant allele is denoted “d.”  Here are the possible genotypes and phenotypes for this gene:

D/D:  homozygous dark

D/d:   heterozygous dark

d/d:   homozygous white 

Albino:  This recessive mutation blocks the production of dark pigment while other pigments are unaffected.  Therefore, albinos without any other mutations are gold in color, with yellow reflective eyes.   Students might experience some confusion differentiating between lack of dark pigment (controlled by albino gene) and incomplete migration of dark pigment (controlled by white gene).  However, lots of practice and pictures should help clear this up.  The symbol for albino is “a” and a normal copy of the gene is denoted “A.”  Here are the genotypes and phenotypes for this gene:

A/A:  homozygous non-albino

A/a:  heterozygous non-albino

a/a:    homozygous albino

Albinos are either dark or white depending on the alleles they carry.  Dark albinos appear uniformly yellow while white albinos look almost exactly like white non-albinos except that they have pink eyes.  Ask students what they expect the genotype of a phenotypically white albino to be.  (d/d a/a)

Melanoid:  Axolotls with two copies of this gene produce excess dark pigment, reduced yellow pigment and no iridescent pigment.  Melanoids with normal copies of all other genes appear charcoal colored and lack reflection in the eyes.  Albino melanoids have a tiny amount of yellow pigment between the eyes as larvae.  As adults melanoid albinos appear similar to white albinos except with a lack of reflection in the eyes.   Based on what they know about pigment distribution so far, ask students what they think a white melanoid would look like (pink with non-reflective eyes).  The genotypes and phenotypes for the melanoid gene are as follows:

M/M: homozygous non-melanoid

M/m:  heterozygous non-melanoid

m/m:  homozygous melanoid

Axanthic:  Two copies of this gene result in a complete lack of yellow and reflective pigment.  It is hard to see yellow pigment in non-albino animals so differentiating between melanoids and axanthics as adults is difficult to do.  Ask students how they think they could differentiate between axanthic and melanoid albino larvae (the absence or presence of yellow pigment between the eyes, respectively).  Here are the genotypes and phenotypes:

Ax/Ax:  homozygous non-axanthic

Ax/ax:  heterozygous non-axanthic

ax/ax:   homozygous axanthic

Activity (50 minutes)

Explain that during meiosis chromosome pairs separate into two sex cells.  The alleles on the chromosome also separate so a parent that is M/m can produce two possible sex cells with either M or m.  When two sex cells combine the offspring again have two alleles for each gene.  The genotype of the offspring will depend on which alleles are in the sex cells.  We can follow the separation and recombination of alleles by creating a Punnett square.   Punnett squares help us predict the frequency of all possible genotypes and phenotypes when we know the genetics of the parent.  Have students create a Punnett square for a cross between two parents heterozygous for the “white” gene:

D/d x D/d

                   
D

d

	D
	D/D (dark)
	D/d (dark)

	d
	D/d (dark)
	d/d (white)


This shows that 25% of the offspring will be homozygous dark, 50% offspring will be heterozygous dark and 25% will be homozygous white.  You can then go on to create a Punnett square for a dihybrid cross such as the following:  D/d A/a x D/d A/a

DA

Da

dA

da

	DA
	D/D A/A (dark non-albino)
	D/D A/a  

(dark non-albino)
	D/d A/A (dark non-albino)
	D/d A/a 

(dark non-albino)

	Da
	D/D A/a

(dark non-albino)
	D/D a/a

(dark albino)
	D/d A/a

(dark non-albino)
	D/d a/a 

(dark albino)

	dA
	D/d A/A

(dark non-albino)
	D/d A/a

(dark non-albino)
	d/d A/A

(white non-albino)
	d/d A/a

(white non-albino)

	da
	D/d A/a

(dark non-albino)
	D/d a/a

(dark albino)
	d/d A/a

(white non-albino)
	d/d a/a

(white albino)


Students should note that although there are a variety of genotype possibilities, there are only four phenotypes that arise from this cross.

Once students have become familiar with the nomenclature and characteristics of various pigment mutations, they can practice what they know with the attached worksheet which involves predicting genotypic and phenotypic frequencies from monohybrid and dihybrid crosses.  

The next exercise will give students a chance to predict parental genotypes or phenotypes based on the pigment of axolotl larvae.  

· Divide the class into groups of about 4-5 students 

· Distribute axolotl larvae to each group  

· Students will then use a microscope or magnifying glass to identify the number of larvae of each pigment phenotype present

· For each phenotype, students should identify and record all possible genotypes

· Using the exercises they have already done help students work backwards to figure out the genotypes of the parents  

· Reveal the answer

Discussion (20 minutes)

Reinforce the concepts learned by working with axolotls.  Explain that scientists often need to look at the characteristics of the offspring to predict the genotype of an organism because we cannot see genes with the naked eye.  Test crosses can be set up to determine whether an animal carries a particular gene.  This is done on a regular basis at the Axolotl Colony.  For example, they regularly receive requests for embryos that will NOT segregate white.  However, it’s impossible to know if a non-white animal carries the gene until it has been crossed with an animal that does.  If white segregates in the spawn, the animal is a carrier and cannot be used to produce non-white embryos.   Propose the following problem to students:

A researcher asks for embryos that are non-white and non-melanoid.  These traits cannot be seen in embryos so you have to be sure at least one of your parents is homozygous non-white/non-melanoid.  How can you find out if an animal that appears dark and non-melanoid is homozygous or heterozygous for the gene?

We cannot perform test-crosses on humans so how can we find out who carries a particular gene?  Introduce the concept of a pedigree, a tool used to track the presence of certain characteristics within a family.  
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Questions 1-6:

Fill in missing information and answer questions for the following Punnett squares:

1)


   A

a



	a
	a)
	b)

	a
	c)
	d)


2) What would the phenotype(s) be for these offspring?

​​​​​​​​​​​​​​​​​​

3) 


  a)

m

	M
	MM
	mM

	m
	mM
	b)


4) What fraction of the above offspring will appear melanoid?

5) M/m a/a x M/m A/a


  Ma

Ma
  ma

a)


	MA
	MMaA
	MMaA
	b)
	mMaA

	Ma
	MMaa
	MMaa
	Mmaa
	Mmaa

	mA
	MmaA
	c)
	mmaA
	mmaA

	ma
	d)
	Mmaa
	mmaa
	mmaa


6) What genotype and phenotype from this cross will be present in the fewest number of offspring?

Genotype:______________________  Phenotype:__________________

7) Create a Punnett square for the following cross:

     D/d x d/d 

8) What phenotypes would you expect to see in the offspring?

9) Suppose a researcher asked for a group of embryos in which some would grow up to be white axanthic.    The female is white and a heterozygote for the axanthic gene (Ax/ax).  List the genotype(s) the father would have to be to produce the desired offspring.

______________________            _____________________

______________________

_____________________

10) Create a Punnett square for a cross between a white albino female and a male that is heterozygous for the white and albino genes.



Axolotls come in a variety of colors.  Each color you observe is a result of the axolotl’s genetics.  There are two forms (or alleles) of each gene.  The two alleles together make up an axolotl’s genotype, or genetic makeup.  An axolotl’s visible traits are its phenotype.

*Axolotls with the same phenotype can have different genotypes!

An axolotl that has a genotype with two identical alleles for a trait is said to be homozygous for that trait.  

An axolotl that has a genotype with two different alleles for a trait is said to be heterozygous for that trait.

There are three pigments we know of in axolotls:  dark, yellow and iridescent (reflective).  Reflective pigment is best detected in the eyes.  You should be able to see a golden ring around the axolotl’s eye.

*Pigments are seen most easily when axolotls are young.  We call the early stages of an axolotl’s life “larval stages.”  Axolotls at this stage are called larvae.  

The alleles that determine axolotl pigment can be dominant or recessive.  A trait that is represented by a dominant allele only requires one copy to show up in the organism.   On the other hand, a recessive allele is one whose trait is masked whenever the dominant allele is present.  Dominant alleles are written as capital letters and recessive alleles are written as lowercase letters.

All of the following alleles are recessive.  Here are some of the common alleles that control the presence and distribution of pigment in axolotls:

1) White: controls the distribution of dark and yellow pigment.  White axolotls only have pigment on their top, or dorsal side.  This means that an axolotl larva homozygous for white will have dark eyes and dark pigment on its top half.  Dark axolotls have dark pigment distributed uniformly distributed over the body.

Here are the possible genotypes and phenotypes for this gene:

D/D:  homozygous dark

D/d:  heterozygous dark

d/d:   homozygous white

2) Albino: controls presence of dark pigment.  

a) an albino axolotl will have NO dark pigment anywhere  

b) yellow and reflective pigments are unaffected  

c) this means that unless it is combined with another pigment trait described in this handout, it will appear yellow in color (including the eyes).  

*An axolotl can be white AND albino.  In this case, we would expect to see yellow pigment only on the top half of the larvae.

Here are the possible genotypes and phenotypes for the albino gene:

A/A:  homozygous non-albino

A/a:  heterozygous non-albino

a/a:  homozygous albino

3) Melanoid: two copies of this gene result in 

a) extra dark pigment 

b) a reduction in yellow pigment

c) absence of reflective pigment (that means no golden ring in eyes)

*When melanoid is combined with albino, we will see NO dark pigment and only a tiny amount of yellow pigment between the eyes.

Here are the possible genotypes and phenotypes for the melanoid gene:

M/M:  homozygous non-melanoid

M/m:  heterozygous non-melanoid

m/m:  homozygous melanoid

4) Axanthic: two copies of this gene result in

a) no yellow pigment

b) extra dark pigment

c) no reflective pigment

*It is difficult to tell dark melanoids and dark axanthics apart because the only difference is the presence of yellow pigment.  Therefore, you will only be asked to tell the difference between albino melanoids and axanthics.  In this case, axanthics will lack the yellow pigment between the eyes.  

Here are the genotypes and phenotypes for the axanthic gene:

AX/AX: homozygous non-axanthic

AX/ax:  heterozygous non-axanthic

ax/ax:  homozygous axanthic

