Unit 4  Populations and environment


6 Transmission of genetic information - Genetic Crosses
A monohybrid Cross involves the inheritance of a single characteristic determined by one gene

· In genetics a gene is a specific length of DNA which occupies a position on a chromosome – the position of the gene on a chromosome is called the locus.   

· The gene determines the characteristic of an organism by coding for a particular polypeptide (remember genetic code – three bases = 1 amino acid)
· Different forms of the same gene are called alleles - the upper case (capital)letter represents the dominant allele and lower case letter represents the recessive allele.

· Homozygous – the cells in an organism have identical alleles for a gene e.g. HH or hh

· Heterozygous – the cells in an organism have different alleles for a gene e.g. Hh

· The phenotype is the observable feature of an organism any may be changed depending on which allele is expressed

· The genotype is the description of the alleles present e.g. HH, Hh or hh

What are homologous chromosomes?

____________________________________________________________________________________________________________________________________________________________________

Copy Fig 1 Page 113

What do the following terms mean?

Mutation ____________________________________________________________________

Co-dominance _______________________________________________________________

Multiple Alleles ___________________________________________________________________________

Modification

________________ ___________________________________________________________
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Monohybrid Inheritance with dominance  (Read page 115 – 116)
In an example of plants:

If T = allele for tallness and t = allele for dwarfness

In a cross between pure-breeding tall and dwarf plants

What is the phenotype of each parent

What are they said to be – heterozygous or homozygous?

What will all the offspring be – draw a punnett square to show this?

Parent Phenotype          __________________          ______________________
Parent genotype            __________________           _____________________
Gametes                    
Punnett square    

Offspring genotype

Offspring phenotype

If the offspring where to reproduce what would the outcome be?

(repeat the above steps showing parents phenotype and genotype, punnett square and outcome of offspring phenotype)    Do on a separate page

What is the ratio of offspring? (tall: dwarf) and homozygous dominant/ heterozygous/ homozygous recessive ________________________________________________________________
Organisms with the recessive characteristic must be homozygous for that condition

Organisms with the dominant characteristic may be either homozygous or heterozygous.  

In a test cross an organism showing the dominant characteristic is crossed with another organism that is homozygous recessive .

For example to find out whether a tall pea plant is homozygous or heterozyous it is crossed with a dwarf plant.

Why?

If homozygous it will not produce any dwarf offspring – what will the offspring be?

__________________________________________________________________
If heterozygous it will produce dwarf and tall offspring in the expected ratio of 1:1 – show how this happens using genetic diagrams to explain

Summary 

In a monohybrid cross with dominant and recessive alleles the following rations occur

3:1 Ratio – only if both parents are________________________________________

1:1 Ratio – a test cross – only occur if one parent is __________________________ and the other parent is __________________________________________
Complete Q 1 to 3 Page 117
Sex Inheritance and Sex Linkage  (Read page 118 and 119)
Chromosome pair 23 in humans are the sex chromosomes – in males these are XY and in females they are XX.  

Genes that are located on one or other of the sex chromosomes are said to be sex linked.  Sex linkage results in an inheritance pattern different from that shown by genes carries on other chromosomes.

Sex linked genes may be on the X chromosome (X Linkage) or the Y Chromosome (Y linkage)

The Y chromosome is very small and seems to contain very few genes, but the X chromosome is large and contains thousands of genes for important products such as rhodopsin (a protein in the membrane of a photoreceptor cell in the retina of the eye, basically a light absorbing pigment), blood clotting proteins and muscle proteins. Females have two copies of each gene on the X chromosome (i.e. they’re diploid), but males only have one copy of each gene on the X chromosome (i.e. they’re haploid). This means that the inheritance of these genes is different for males and females, so they are called sex linked characteristics.

The usual way of representing sex linked characteristics is as follows:

In colour blindness the dominant allele of this gene R codes for the normal pigment.  
The recessive allele, r, codes for faulty pigment – colour blindness.  
We can represent the dominant allele, carried on the X chromosome as XR and the recessive Xr.                 The letter X= sex chromosome

A man who is red-green colour blind marries a woman who is homozygous for the allele for normal colour vision.  Show by means of a genetic diagram the possible genotypes and phenotypes of their children.

Male Phenotype





Female Phenotype

Male Genotype





Female Genotype

Male gametes




Female Gametes

Punnet Square

Children Genotype

Children Phenotype

Q
In cats, some aspects of the inheritance of fur colour are sex linked.

When a ginger male cat was crossed with a black female, all the female kittens were

tortoiseshell (a pattern of black hairs and ginger hairs) and all the male kittens were black.  However, in the reciprocal cross, although all the female kittens were again tortoiseshell, the male kittens were ginger.

(a) Complete the following genetic diagrams to explain the results of these two crosses.

Use the following symbols:

XB = an X-chromosome carrying an allele for black hair.

XG = an X-chromosome carrying an allele for ginger hair.
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Cross 1
 

Cross 2

Parental phenotypes 
Ginger x Black 


Black x Ginger

Male
   female 


male
 female

Parental genotypes

 ............ ............ 


............ 
 ...........

Gametes 
.......................    ....................... 


....................... .......................

Offspring genotypes ................................................... .................................................................
Offspring phenotypes..................................................................................................................
……….......................................................................... ............................................................(4)

(b) Why were no male tortoiseshell cats produced in these crosses?

………………………………………………………………………………………………………………………………………………………………………….………………….………………………………

Sex linked pedigrees

To determine the genotype of individuals in a pedigree of a sex linked feature begin with a genotype of which you can be certain this can only be:

 - An affected male, XhY, the affected X coming from his mother or

[image: image4.jpg]gene [

/

allele 10 allele 10
or or
AorIB TAorI®

Figure 1.5 Homologous
chromosomes, for gene I.



 - An affected female XhXh each parent passing on the affected X chromosome

Q  What are the genotypes of individuals 4 and 10 in this diagram

XH or Xh are the alleles?
Complete Summary Questions Page 119 and 120

Monohybrid Inheritance with Codominance  (Read page 121)
Codominance is shown by some alleles such that the heterozygous condition produces a different phenotype from the homozygous state of either allele – one allele is not dominant to the other  and the effect is shown in the phenotype. 
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The gene is represented by a letter, and the different alleles by superscripts to the gene letter. 
A good example of codominance is roan cattle.  A pair of codominance alleles control the colour of the hair.  When the red haired bull was mated with a white haired cow, the offspring had roan coloured hair i.e. had both red and white coloured hairs.  If a roan bull was mated with a roan coloured cow.  What is the probability that they will have a white calf?   (Let CW = white and CR = red)

Parent phenotype    ​​​​​​​​​​​​​​​​​​​​​​​_______________________    ______________________
Parental genotype   ________________________  ______________________
Parental gametes

Punnett square

Offspring genotype

Offspring phenotype

Ratio of monohybrid cross with co-dominance

Both parents are heterozygous:  ___________________ratio
Test cross – heterozygous parent and homozygous recessive parent = __________ratio

Monohybrid cross with multiple alleles  (read page 122)
Multiple alleles are more than two alternative forms of a particular gene that occupy a gene position (locus) on the chromosome.  E.g. the human blood ABO group system is an example of multiple alleles
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In genetic diagrams the gene is given an upper case letter and each allele a superscript e.g. in the ABO group system 

I (for immunoglobulin) = the gene locus

A,B, O represents alleles

IA, IB and IO = alleles

The cross below shows how all four blood groups can arise from a cross between a group A and a group B parent.


Other examples of multiple alleles are: eye colour in fruit flies, with over 100 alleles; human leukocyte antigen (HLA) genes, with 47 known alleles.

· In blood ABO System as well as being multiple alleles, the alleles IA and IB are codominant whereas both these alleles are dominant to Io

this means that there are 3 alleles which can give 6 possible genotypes and 4 phenotypes

· blood group A = IAIA and IAIO

· blood group B =  I  I   and I  I

· Blood group O =  I   I  

· Blood group AB =   I  I
Q
What is the probability of a child of a heterozygous mother with blood group A and a heterozygous father with blood group B being Blood group O – show your working out

Multiple alleles and a dominance hierarchy – if there are more than three alleles the genotypes can be placed in order of dominance

Complete questions 1 to 3 Page 123 and Q 1 to 3 Page 124
Statistics - The chi squared test

Frequencies

Will your investigation involve finding the number of individuals in particular categories?
If yes – the chi squared test allows you to determine the probability that what we observe is what we would expect.

e.g. if we crossed two heterozygous tall plants the expected ratio is 3:1  

when a test was performed the actual (observed) results was 80 tall: 20 dwarf.

The expected results would be 75 tall:25 short

The chi squared test allows us to decide whether the difference between the observed and expected values is due to chance or not

	The formula of the chi squared test is 

Χ2 = 
	Σ
	(O-E)2

	
	
	E


O = observed value

E = expected value

Σ = sum of

A practice Chi Squared test

Pure breeding Drosophila with straight-winged and grey bodies were crossed with pure breeding curled- winged, ebony-bodied flies. All the offspring were straight winged and grey bodied. Female flies from the offspring were then crossed with curled winged, ebony-bodied males with the following results:

	Phenotype
	Number

	Straight wing, grey body
	113

	Straight wing, ebony body
	30

	Curled wing, grey body
	29

	Curled wing, ebony body
	115


Total number of offspring = ____________
1 What characteristics are dominant? ______________________________________

The expected ratio of the offspring is 9:3:3:1 

	Phenotype
	Expected Ratio

	Straight wing, grey body
	9

	Straight wing, ebony body
	3

	Curled wing, grey body
	3

	Curled wing, ebony body
	1


From the total number of offspring produced how many offspring of each type did you expect?

	Phenotype
	Expected Number

	Straight wing, grey body
	

	Straight wing, ebony body
	

	Curled wing, grey body
	

	Curled wing, ebony body
	


Completing the Chi-squared ((2) 
1   Create a Null Hypothesis – This is always that there is no significant difference between the observed and expected values.  Any difference is due to chance

 2 Create/complete a table like the one below

	Phenotypes
	Observed Number (O)
	Expected 
Number (E)
	O – E
	(O-E)2
	(O-E)2

    E

	Straight wing, grey body
	
	
	
	
	

	Straight wing, ebony body
	
	
	
	
	

	Curled wing, grey body
	
	
	
	
	

	Curled wing, ebony body
	
	
	
	
	


  (2  =  (   (O-E)2

                      E
= 

The use the chi-squared probability table (page 25) or below
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The table will show whether the null hypothesis is accepted or rejected.  

1 Calculate the degrees of freedom:

This is the number of categories(n)  – 1 so n – 1 = ________degrees of freedom

The table shows the probability of the null hypothesis being valid – i.e. that the expected and observed values are the same

· If the values are identical then the value of (2  is 0 so the probability associated with value is 1 (100%)

· If the observed and expected values are very very different the (2  value would be very large and the probability of the null hypothesis being correct is 0

We have to agree a probability value above which we accept the null hypothesis and below which we reject it

This critical value agreed by biologists is 0.05 or 5%( 1 in 20)

In this question the value at p = 0.05 is _____________ at ____ degrees of freedom

If your (2  is to the left (smaller) than the value on the table at p = 0.05

· The Null hypothesis is accepted
· Any difference between the observed and expected value is due to chance

· There is no significant difference between the observed and expected results

If the (2  is to the right (greater)than  p = 0.05

· The null hypothesis is rejected
· The difference between the observed and expected value is not due to chance

· There is a significant difference in the results – thus there is likely to be a reason for the difference between the observed and expected values other than chance 

Chi-Squared Question
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Dianthus (campion) has flowers of three different colours, red, pink and white.  Two pink flowered plants were crossed and the collected seeds grown to the flowering stage.

Write a Null Hypothesis for the experiment

____________________________________________________________________________________________________________________________________________________________________

The following results were collected.  Complete the table below

	
	Observed numbers (O)
	Expected numbers (E)
	(O-E)
	(O-E)2
	(O-E)2                                                                                                                                                            E

	red flowers
	34
	
	
	
	

	pink flowers
	84
	
	
	
	

	white flowers
	42
	
	
	
	

	Total
	160
	 
	
	
	


  (2  =  (   (O-E)2

                      E
= 

Using the probability table show how you work out if the Null hypothesis is accepted or not

____________________________________________________________________________________________________________________________________________________________________
If you reject the null hypothesis you still have to come up with a possible reason for why the results are significantly different

NEVER say the null hypothesis is right or wrong – it is accepted or rejected!

1In the ABO blood-grouping system, a single gene with three alleles controls the production of the antigens that determine a person’s blood group. Table 1 shows the alleles and the antigens whose production they control. Table 2 shows the different genotypes and their corresponding blood groups.
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1  a) (i) Explain why people with the genotype IA IB have the blood group AB.

……………….................................................................................................................................................

..................................................................................................................................................................

..................................................................................................................................................................

.............................................................................................................................................(2 marks)

 (ii) Explain how meiosis results in people with the blood group AB producing two different types of gamete with respect to the gene for the ABO blood groups.

................................................................................................................................................................

...............................................................................................................................................................

................................................................................................................................................................ ................................................................................................................................................................

..................................................................................................................................................................

............................................................................................................................................. (3 marks)

(b) (i) In one family, the four children each have a different blood group. Their mother is group A and their father is group B. Complete the genetic diagram to show how this is possible.

Parental phenotypes 
Blood group A 

Blood group B

Parental genotypes

Gametes

Offspring genotypes ————–—————————–

Offspring phenotypes ————–—————————–                        (3 marks)

(ii) In many families where the parents could have produced children of all four blood groups, the total number of children with each blood group was

Blood group A 
26

Blood group B 

31

Blood group AB 
39

Blood group O 
24

Total 


120

The χ2 test can be used to test the hypothesis that there is no significant

difference between these results and the expected 1: 1: 1: 1 ratio. Complete the table to calculate the value for χ2 
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Work out if the Null Hypothesis is accepted or rejected.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2  One variety of domestic chicken has either black feathers or barred feathers. This is controlled by a gene on the X chromosome. The recessive allele, b, leads to feathers that are black. The dominant allele, B, leads to barred feathers, that are black with white bars.

(a) A breeder crossed a black female with a barred male. Twelve offspring were produced:

3 barred males,

2 barred females,

4 black males,

3 black females.

Complete the genetic diagram to explain this.

Use the following symbols

XB = an X chromosome with the allele for barred feathers

Xb = an X chromosome with the allele for black feathers

Y = a Y chromosome

In birds, it is the female, XY, which is the heterogametic sex. The male, XX, is homogametic.

Parental phenotypes 
Black female 



Barred male

Parental genotypes

 ………………… 


…………………

Gamete genotypes

 ………………… 


…………………

Offspring genotypes ...........................................................................................................

Offspring phenotypes .........................................................................................................

(4 marks)
(b) It is quite difficult to tell the sex of newly hatched chicks. The breeder wished to have an easy method by which he could tell the sex of the chicks. Draw a genetic diagram to explain what colours of adult birds should be crossed to enable him to do this.

Complete on other side of page
0207

3  Human ABO blood groups are determined by the presence or absence of two antigens (A and B) on the plasma membrane of the red blood cells. The inheritance of these blood groups is controlled by three alleles:

IA – determines the production of antigen A

IB – determines the production of antigen B

I o – determines the production of no antigen

Alleles IA and IB are codominant. Allele I o is recessive to both.

The pedigree shows the pattern of inheritance of these blood groups in a family over three generations.

(a) How many antigen-determining alleles will be present in a white blood cell? Give a reason for your answer.

..............................................................................................................................................................................................................................................................................................................
(1 mark)

 (b) If individuals 6 and 7 were to have another child, what is the probability that this child would be male and blood group A? Explain your answer.

.......................................................................................................................................................
.......................................................................................................................................................
.......................................................................................................................................................
.......................................................................................................................................................
.......................................................................................................................................................
......................................................................................................................................................(3)0205
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