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EXTENSION ACTIVITY
Optical Illusions and Interpretations of Visual Signals by the Brain
Depth perception as a result of the production of two different images of a view

Predators tend to have their eyes placed towards the front of their heads, so that both eyes can focus on an object ahead at the same time. Prey tend to have their eyes place toward the sides of the head, giving them a wider field of vision, enabling them to detect predators approaching them. Predators need sharp, accurate vision to enable them to pinpoint, with great accuracy, the position, shape direction and speed of movement of prey. For this type of judgement, three dimensional vision, involving depth perception, is necessary.

In animals with two eyes, each is positioned to the left and right of the centre of the head and as a result, the image of a scene that falls on each of the two eyes is slightly different. In animals that have forward-directing eyes, there is an overlap in the field of vision of the two eyes. The ability to see in three dimensions arises when the brain compares the slightly different images received by each eye, giving us depth perception or stereoscopic vision. (See web site below). By having binocular vision (both eyes work smoothly together) and stereoscopic vision, hunters are able to judge distance accurately. Several distance clues interpreted together in the brain, give us our perception of depth. The brain compares such clues as the degree of overlap, apparent size of objects (See figure 4.13), shadows and perspective, as well as how clear or hazy the image is (the latter is linked to the scattering of light with distance). All of these features are exploited in art, to try to create a three dimensional image on a flat piece of paper. 

Visit the web site www.du.edu/~jcalvert/optics/colour.htm and perform the simple activity on stereopsis. This involves staring at two slightly different views of two circles to see a three-dimensional cone! see Figure 4.13: Visual clues: Diagram of small building in background, two children in front; diagram of same building (but large) in foreground, small children behind


EXTENSION ACTIVITY

Problems and Pedigrees on Colour Blindness
Inheritance patterns in humans that result in colour blindness

In humans, the genes coding for red and green pigments are located on the X chromosome. Defects in one or more of these genes can cause colour blindness. The gene for colour blindness is recessive to the gene for normal vision. Because males have only one copy of the X chromosome, if their copy is defective, they will be colour blind. Females have two copies of the X chromosome. If they have only one defective copy, the dominant gene on their other X chromosome will still function and they will be able to perceive colour normally. Such a female is termed a “carrier” of colour blindness, since she can pass on her defective gene to her offspring. There is a fifty percent chance of any of her gametes receiving the defective gene. If one of her gametes carrying the normal gene combines with a sperm cell, she will not pass colour blindness on to any of her children. However, if one of her gametes carrying the defective gene combined with a sperm cell, the results would be as outlined below. (Let X represent the gene for colour blindness)

Female gamete carrying a defective (X) gene combines with: 

· a sperm cell containing a Y chromosome,  the resulting offspring will be a male child (XY) who is colour blind

· a sperm cell containing an X chromosome with a normal gene for colour vision, the resulting offspring will be a female child (XX) who is phenotypically normal, but is a “carrier” of colour blindness.

· A sperm cell containing and X chromosome with a defective gene for colour vision, the resulting offspring will be a female child (XX) who is colour blind.



Predict what combination of parents could lead to the resulting offspring being a colour blind female.

There is obviously a much greater chance of a male being colour blind, since he will have only one copy of the X chromosome in each of his cells. Statistics show that approximately 1 in 12 males are colour blind, compared with 1 in 200 females.

As a result of the genes for red and green colour vision being present on the X chromosome which is one of the sex chromosomes (determines the sex or gender of the offspring), the inheritance pattern of red or green colour blindness is said to be sex-linked or X-linked inheritance.

Mutations in the gene for the blue cone pigment are extremely rare. The genes that code for the production of blue sensitive pigment in cones is found on chromosome 7 and so this type of colour blindness does not show a sex-linked inheritance pattern.

Additional interesting facts:

Not all people who have defective genes for colour vision are colour blind. Some people may be colour deficient. A mutation in a gene for any one of the cone pigments (usually red or green) may simply cause a change in the peak of spectral sensitivity of that cone. These people differ in their sensitivity to different wavelengths of light and find it difficult to distinguish between shades of certain colours or to distinguish between red and green when they are superimposed on each other (for example red writing on a green board). People who are colour deficient may not see the number on a colour vision plate such as that of Fig 4.6, or they may see a different number.

Other non-genetic forms of colour blindness do occur, although these are extremely rare. Such colour blindness may arise from a diseased condition of the macula or optic nerve or as a result of a bilateral stroke in the optic lobe of the brain.

Secondary source investigation: Colour blindness 

Further research on colour blindness in humans: http://www.hhmi.org/senses/b120.html
This report from the Howard Hughes Medical Institute deals with colour blindness in an interesting manner, starting with a brief historical outline of how the current ideas on colour perception came about. The article titled “Breaking the code of colour: Red, Green and Blue cones” is extremely easy to read and understand and has links to other areas of interest such as how we judge colour, motion blindness and the role of the brain in colour perception. 

Neitz Color Vision Lab

http://www.mcw.edu/cellbio/colorvision/cbposter3.htm
This excellent web site from the university of Wisconsin includes information on the types of colour blindness, a pedigree of inheritance, images presented as they would appear to colour blind people and to normal trichromats, as well as spectral sensitivities of cone pigments

http://richmondeye.com/colorframe.html
This web site has colour vision tests and charts to check for colour deficiencies and colour blindness.

Problem solving and pedigrees

When solving genetic problems that involve sex-linkage, the symbols X and Y are used, but these differ from other genetic problems because X and Y are not symbols for genes, they represent whole chromosomes. These sex chromosomes do not only carry genes that control sexual development, they have other genes such as those for colour vision as well. (The bleeding disease haemophilia is also a sex-linked trait found on the X chromosome). When solving genetics problems that involve sex linkage, a defective gene can be represented by drawing a line under the X chromosome (as shown in the example on Page ….. relating to the female gamete), or the X may be written with a letter as an index, for example: Let Xⁿ = gene for colour blindness and XN = gene for normal colour vision.


Using these symbols, genetic problems may be solved in the from of a genetic cross or a punnet square, as done previously in the genetics section of the core syllabus unit “The Code Broken”.

Sample question:

The ability to see colour was recorded in a family of two brothers and two sisters. One brother was colour blind, whereas the other had normal colour vision. Both girls had normal colour vision. Neither parent was colour blind. Work out the phenotype and genotype of the siblings and their parents. Draw up a punnet diagram to illustrate this.

Solution: 

Let XN = gene for normal colour vision and Xn= the recessive gene for colour blindness.

Phenotype of one brother is colour blind;  genotype is XnY 
Phenotype of other brother is normal colour vision;  genotype is  XNY
Phenotype of both sisters is normal colour vision; genotype may be XNXN (homozygous normal) or XnXN  (heterozygous “carrier” of the recessive gene for colour blindness). One cannot tell from the information given what the exact phenotype of each sister is.

Phenotype of father is normal colour vision; therefore genotype must be XNY

If the phenotype of any female is normal colour vision, her genotype may be XNXN or XNXn. But if she has a son who is colour blind, he must have inherited a gene for colour blindness on his X chromosome, which was passed on to him from his mother. So the genotype of the mother in this family must be XNXn  



	Punnet square

♀   ♂
	XN
	Y

	Xn
	XNXn


	XnY

	XN


	XNXN


	XNY


           Normal   Males: one colour blind, one normal

             Females

Problems for you to solve

1.1 A colour blind man and a woman with normal colour vision marry. Work out the expected genotypic and phenotypic ratios of their children if:

a) the woman is heterozygous

b) the woman is homozygous

Show all your working.

1.2 A woman who is phenotypically normal, but carries the recessive gene for colour blindness marries a man who has normal colour vision. What percentage of their daughters and sons will be colour blind?

1.3 A colour blind woman and a man with normal colour vision marry. What proportion of their offspring will be colour blind? Illustrate your answer using a punnet square.

1.4 A man and woman who both have normal colour vision have four children, one of whom is colour blind. Give the sex and genotype of this child and its parents and explain how you have reached your conclusion. 


1.5 A colour blind boy has parents who both have normal colour vision. His  

       grandfather on his mother’s side was also colour blind. Draw a genetic cross to   

       show how the gene for colour blindness could have been passed on from  

       Grandfather to Grandson.

1.6 A colour blind man marries a woman with normal colour vision, whose father was colour blind. What is the probability that their first son will be colour blind? Use a genetic cross or punnet square to illustrate your answer.

Pedigrees

(Also see Neitz Colour vision web site listed on page ……)

Using the following pedigree of a family, some of whose members are colour blind,

Answer the questions that follow.

Figure 4.9 Pedigree of family with inherited trait for colour blindness

2.1. Give the genotype for each person represented in the pedigree.

2.2 Identify and name two people represented in the pedigree whose exact genotype is unknown. Explain why one cannot determine their genotype.

2.3 Is one able to work out the genotype of all males in the pedigree? Explain why this is so.

2.4 Use evidence from the pedigree to support the fact that Alice carries a recessive gene for colour blindness.

2.5. Construct a pedigree to represent the inheritance pattern described in question 1.5   

        above.
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