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· One double stranded DNA molecule is packaged into chromosomes in each cell. 

· Each chromosome is made up of a linear arrangement of genes.

· A Gene is therefore a section of DNA or of a chromosome that is responsible for a particular characteristic
NOTE:

· Each chromosome consists of two chromatids held together by a centromere. 

· Each chromatid consists of double stranded DNA plus proteins
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Diagrammatic representation of the process of DNA replication
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Two new DNA molecules formed identical to each other and the 

original DNA molecule from which it was formed.
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Protein synthesis

ACTIVITY 1 

The table below illustrates the events during protein synthesis. However, the sequence as indicated below is not correct. Study the events 1 to 12, and indicate the correct sequence of events (using the numbers 1-12) in the column labelled ‘correct sequence’ in the table. 

	No.
	Sequence of events for protein synthesis
	Correct sequence

	1
	DNA unwinds / unzips and splits
	1

	2
	This process is called TRANSCRIPTION
	5

	3
	mRNA strand is complementary to the DNA template i.e.  A-U; C-G
	4

	4
	One DNA strand acts a template
	2

	5
	Free nucleotides arrange to form mRNA according to the DNA template
	3

	6
	mRNA moves through the nuclear pore into the cytoplasm and wraps itself around the ribosome
	6

	7
	Each tRNA with a specific ANTI-CODON brings a specific amino acid to the ribosome
	8

	8
	tRNA picks up amino acids in the cytoplasm
	7

	9
	Amino acids are arranged in a specific order according to the CODONS on the mRNA


	9

	10
	The entire process is controlled by ENZYMES
	12

	11
	The amino acids are linked by peptide bonds to form a particular protein
	10

	12
	This process is called TRANSLATION
	11


Once you have indicated the correct sequence in the last column write out the process as it occurs.

This activity will now be followed by a presentation on the process of protein synthesis. At the end of this presentation you may change your answers in the above table. 
ACTIVITY 2:    Work in Groups

The models below show how protein synthesis occurs in a cell.

Step 1:  
Use the DNA strand below and explain how DNA splits to separate.

Step 2:
Let strand 1 (the upper strand) act as a template for the formation of a mRNA



Write down the appropriate bases for this mRNA in the strand drawn below

Step 3:
Describe and show what happens to the mRNA now.

Step 4:
Cut out the diagrams representing tRNA’s together with the anti-codons and the relevant amino acids and align them appropriately along the mRNA

Step 5:
Now join the amino acids.
PART OF A DOUBLE STRANDED DNA MOLECULE                                                                                                                       
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Mutations

ACTIVITY 3:
 How do gene mutations affect protein synthesis

Gene mutations often seriously affect the manufacture of proteins. In this activity you will demonstrate how such mutations affect protein synthesis.

Instructions:

1. Copy the following base sequence of one strand of an imaginary DNA molecule:

ATA 
TGG 
CCA 
TGT 
GCG 
TAT 
CGC 
TCA
2. Below this strand, write the base sequence of the complementary DNA strand.





TAT
ACC
GGT
ACA
CGC
ATA
GCG
AGT
3. Then, write the base sequence that would appear on an mRNA strand after transcription, using the upper strand of DNA as the template.




UAU
ACC
GGU
ACA
CGC
AUA
GCG
AGU

4. Use table below of mRNA codons to determine the order of amino acids in the resulting protein fragment.
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5. If the 5th base in the original DNA strand was changed from G to C, how would this affect the resulting protein fragment?

6. Name this type of mutation.

7. If a G was added to the original DNA strand after the 3rd base, what would the resulting mRNA look like? How would this addition affect the protein?

8. Name this type of mutation.

ACTIVITY 4: Questions on DNA, RNA, protein synthesis and mutations
1.
The table below shows the DNA base triplets that code for different amino acids.


	Amino acid 
	Base triplet in
DNA template

	Leu (leucine)
	GAA

	His (histidine)
	GTA

	Lys (lysine)
	TTT

	Pro (proline)
	GGG

	Ala (alanine)
	CGA

	Trp (tryptophan)
	ACC

	Phe (phenylalanine)
	AAA

	Gly (glycine)
	CCT


The following is a part of a sequence of amino acids that form a particular protein molecule:
	Ala
	His
	Trp
	Leu
	Lys


1.1
Name the process by which mRNA is formed from a DNA template.

(1)

1.2 How many mRNA codons would be involved in forming the portion of 

protein shown above?







(1)

1.3 Write down the sequence of the first THREE mRNA codons 

(from left to right) for this portion of the protein. 




(3)

1.4
The following is a sequence of base triplets in DNA:
GAA - GTA - TTT - AAA

(a) If guanine, found in the first base triplet, is removed, explain how 

this would affect the structure of the protein.



(2)

(b) Name the process that occurs when the sequence of bases in DNA changes.








(1)

(8)

2.
Study the diagram below, which shows part of the process of protein synthesis.
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2.1
Provide labels for structures A, B and D respectively. 



(3)

2.2
State ONE function of molecule D. 





(1)

2.3 Which part of protein synthesis takes place at 1? 



(1)

2.4 Name the type of protein that controls the process named in 

QUESTION 2.3. 








(1)

2.5
Identify organelle C. 







(1)

2.6
Name and describe the part of protein synthesis that takes place at 

organelle C.









(6)












(13)

3.
Study the diagram below which shows the following DNA profiles/genetic fingerprints: 

• Blood of a raped female victim 

• Blood of three suspects 

• Semen found on the female victim
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3.1 
Which suspect was most likely the rapist?




(1)

3.2 
Explain your answer to QUESTION 3.1.





(2)

3.3 
Give ONE reason why this evidence may be considered reliable.

(1)

3.4 
Give TWO reasons why this evidence may not be considered reliable. 
(2)  

3.5 
Name TWO benefits of DNA profiling other than for solving crimes. 
  
(2) 













(8)

4.
The following diagram represents a portion of a molecule. Study the diagram 

and answer the questions that follow.
[image: image134.jpg]Haploid gametes (n = 23)

‘Ess

N

Fertilization

Diploid
zygote °
Multicellular (27 =46)

diploid

adults
(2n = 46) ,

Mitosis and
development




[image: image135.jpg]Homologous pair of chromosomes

HI\....../‘





[image: image136.jpg]


[image: image137.jpg]


[image: image138.jpg]


[image: image139.jpg]o

Polygenc
Yrait



[image: image140.jpg]— Ni
a AN 4



[image: image141.jpg][ —



[image: image142.jpg]The process of Cloning

0-Q8

W” Fd lun-mnmq chromasomes)



[image: image143.png]Developedditeertited cells
tokentoom theoxganin. They

st [0
it
Fi ekl 0 A9
Pl Sttt
o et
s
defectsinthe organism. °
O et
e — Spetdc
f ke el

=
)

Eag Celwihno Nuclens

]

Y

Hleusemavedfom eqgcel Cloneisborn




[image: image144.jpg]i il:i




[image: image145.png]HUMAN INSULIN PRODUCTION

Human Cell

Bacterium

:

e i
Plasmid u insulin-
cut with producing

restriction \ / F "

gene
enzymes
o Bacterial

plasmid;

i Wmariene
Plasmid
et
e 4O &
badean
DR

bacteria
‘multiply

in fermentatior

tank; produce

insulin
Separate purify

« 0

patient

Pharmaceuticals produced with genetic engineering
technology are administercd to patients by traditional
methods



[image: image146.jpg]||||||||||||||||||



[image: image147.png]! Before pesticide application After pesticide application
: .
| . & Resistant
5 ES 2 7T mosquito
3 S
g Susceptible
g s T mosquito
= Survivors of first
esticide application
— P pp
<
5 £
E %
g
s >
S
s SN 3
2
g
8 Survivors of second
pesticide application

The development of DDT resistance in mosquitoes through natural selection
Note that natural selection takes place within a generation and evolution across generations



[image: image148.png]


[image: image149.png]


[image: image150.jpg]


[image: image151.png]bk Al ASlshle  GOumwiie ST

Headupwllip 6.Tm toward o

 aurthip displayof the mafe meland duck



[image: image152.png]


[image: image153.png]


[image: image154.png]


[image: image155.emf][image: image28.png]))

((





[image: image156.jpg]




4.1
Identify the molecule referred to above.


   


(1)




4.2
Provide labels for the parts numbered 1 and 5, respectively.


(2)

4.3
What is the collective name for the parts numbered 2, 3 and 4?

(1)

4.4
What is the significance of this molecule being able to replicate itself?
(2)














(6)

5.
The following questions are based on protein synthesis.

5.1
Describe each of the following:



(a)
Transcription








(2)

(b)
Translation








(2)

5.2
The following diagram shows the sequence of nitrogenous bases of a 

strand of DNA which codes for part of a protein molecule.
[image: image157.jpg]


[image: image158.jpg]



[image: image159.jpg]



Write down the mRNA codon sequence that reads from left to right from 

the DNA sequence above.







(3)

5.3
The following diagram shows the anticodons of nine different tRNA molecules each carrying a particular amino acid.






Select and write down from the diagram above the amino acids 

(in the correct sequence) that would be required for the base sequence of 

mRNA shown below.







(3)















(10)

6.
Antibiotics work by interfering with various stages of protein synthesis in a bacterial cell.  A group of Grade 12 learners wanted to test the effect of the antibiotic penicillin on the bacteria Staphylococcus aureus.

They were provided with the following apparatus:

1.  
Petri dishes containing agar (agar supports bacterial growth) (A)

2.  
Culture of Staphylococcus aureus (B)

3.  
The antibiotic penicillin (C)
[image: image29.png]



List the steps that you would follow to determine the effect of the antibiotic 

penicillin on the bacteria Staphylococcus aureus.




(4)
7.
The following diagram represents protein synthesis.


















7.1
Name the following processes:
(a)
A









(1)

(b)
B









(1)
7.2
Name the organelle labelled C.






(1)

7.3
Explain how the mRNA is made from the DNA template during process A.
(5)

7.4 Processes A and B above can be summarised by the table below. 

Write the numbers 1 – 3 and next to each number the nitrogenous bases 

that will complete the table.
	Base sequence

on DNA
	Codon on mRNA
	Anticodon on tRNA
	Amino acid

	CAA
	1
	2
	Valine

	3
	GCA
	CGU
	Alanine















(6)














(14)

MEIOSIS

INTRODUCTION

Existing cells divide to produce new cells. This may happen by mitosis or meiosis. Although there are similarities to mitosis and meiosis, they also differ in a number of respects.

Please visit the website: www.meiosistheprocess.wikispaces.com
ACTIVITY 1: REVIEW OF MITOSIS

Answer the questions below relating to mitosis without using reference materials.
1. What is the purpose of mitosis? 







(2)

2. How many cells form from the mitotic division of one cell? 



(1)
3. If the original cell is diploid what will be the chromosome condition of the resulting daughter cells? 









(1)
4. If the original cell is haploid what will be the chromosome condition of the resulting daughter cells?









 (1)
5. What can you conclude from your answer in 3 and 4? 




(2)
6. When does DNA replication occur? 






(1)
7. How do chromosomes align at the equator? 





(1)
8. What moves to the opposite poles when the spindle contracts? 


(1)
9. Name the phases of mitosis in the correct sequence. 




(5)
10. In which phase:

10.1 Do the chromatids move to the opposite poles

10.2 Do the chromosomes arrange at the equator

10.3 Do the new cells form

10.4 Does DNA replication occur

10.5 Does the chromatin become more visible as chromosomes 


(5)














(20)





Interphase 






   Prophase





Metaphase 






   Anaphase


Telophase

Phases of Mitosis

ACTIVITY 2: MODELLING MEIOSIS
· Use the template provided to model the phases of meiosis. Some structures are already represented. Use the modelling clay provided to represent the chromosomal changes that occur during meiosis, using the colours suggested below:

Paternal chromosomes 
–
green
Maternal chromosomes 
– 
red 
Centromere


–
black

· Start with a cell that contains 2 homologous pairs of chromosomes.

· Label the various parts on any of the phases represented. 
· Write down the names of each phase as you complete it.
· Use the constructed model to explain what happens during each phase of meiosis.
1. Now use your model and complete the table below to show how meiosis differs from each of the following aspects of mitosis:
	Mitosis
	Meiosis

	Two cells form at the end of the division
	

	The resulting cells are identical
	

	In metaphase the chromosomes arrange in a single row
	

	In anaphase the chromatids move apart
	

	No crossing over occurs during mitosis
	

	There is no change in the chromosome number
	


(6)

2. Now use your model to complete the table below to show how Meiosis 2 differs from each of the following aspects of Meiosis 1:
	Meiosis 1
	Meiosis 2

	The chromosomes arrange at the equator in homologous pairs during metaphase 1
	

	Whole chromosomes  move to opposite poles during anaphase 1
	

	Two cells form at the end of this division
	

	The chromosome number is halved during this division
	

	Crossing over takes place
	


(5)


Template for Meiosis 


Template for Meiosis

ACTIVITY 3: Study meiosis using electron-micrographs

Study the electron-micrographs provided showing various phases of meiosis. Observe the events depicted on each electron-micrograph to determine the phase of meiosis shown and then answer the questions based on the electron-micrographs.

1. Complete the information required in the following table with regard to the various phases of meiosis:

	Micrograph
	Name of Phase
	Reason for identification

	B
	1.1
	1.2

	D
	1.3
	1.4

	F
	1.5
	1.6

	H
	1.6
	1.8


(8)

2. State ONE reason why you would identify:
a. Micrograph A as Telophase 1

b. Micrograph C as Anaphase 2

c. Micrograph E as Prophase 2 
 


 



    (3)


















3. Make a fully labelled diagram of the cell shown in Micrograph F if the cell undergoing meiosis had 6 chromosomes at the beginning. 

 

















    (7)

(18)
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ACTIVITY 4: meiosis CARD GAME
· Game can involve 2-4 players

· Make 8 copies of this page containing 8 phases of meiosis

· Cut out each phase independently (8x8=64 cards)

· Shuffle cards

· Deal 8 cards per player

· Each player takes a turn to pick a card from the remaining pack and throw one card back face-up that he/she does not require

· The next player can pick another card from the pack or can choose to pick up the uppermost face-up card.

· The game continues in this way until any player is the first to collect all 8 phases and displays them in sequence. This earns the player 1 point.

· This procedure is repeated as many times as required.
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ACTIVITY 5: ASSESSMENT QUESTIONS
1. Study the diagrams below showing the same phase in two types of cell division
Diagram I

       
 
         Diagram  II
       


1.1 What type of cell division is represented by Diagram I? 



(1)

1.2 What type of cell division is represented by Diagram II?  



(1)

1.3 Give a reason for your answer in Question 1.2. 




(1)

1.4 What phase is represented by Diagram 1 and Diagram II, respectively?

(2)

1.5 Provide labels for A, B, C and D, respectively. 




(4)














 (9)
2. Study the diagrams below showing two stages of meiosis.

   
 
 
Diagram I

           

   Diagram  II
       


2.1 Name the phase of meiosis represented by Diagram 1 and Diagram II, 

respectively.









(2)
2.2 State ONE visible reason in Diagram I which indicates that meiosis is 
taking place. 









(2)
2.3 How many chromosomes would be present in each daughter cell at the end

of meiosis in this cell? 








(1)
2.4 Name the phase of meiosis that occurs after the phase represented by 
Diagram 1 and Diagram II, respectively






(2)
2.5 State ONE difference between the events that occur in the two phases 
mentioned in 2.4. 









(2)  














(9)

3. The diagram below represents an animal cell in a phase of meiosis.


3.1 State which phase of meiosis is represented in the diagram above. 

(1)
3.2 Give a reason for your answer to QUESTION 3.1. 




(1)
3.3 Identify parts A and B. 




(2)
3.4 How many chromosomes …

3.4.1 were present in the parent cell before it underwent meiosis?    

(1)

3.4.2 will be present in each cell at the end of the meiotic division?

(1)

3.5 State ONE place in a human female where meiosis would take place. 

(1)
3.6 Could the cell represented in the diagram be that of a human? 


(1)
3.7 Explain your answer to QUESTION 3.6. 




(1)
3.8 Give TWO reasons why meiosis is biologically important. 



(2)

3.9 Sometimes the chromosomes may not all successfully separate during 
the phase represented. Explain how this could lead to Down’s syndrome 
(5)






(16)
4. The diagram below represents a process taking place during meiosis.  




	
	4.1

4.2

4.3

4.4

4.5


	Provide labels for parts A, B, C and D.

Name the process in meiosis that is illustrated in the diagram above. 

State ONE importance of the process named in Question 4.2

During which phase of meiosis does the process named in Question 4.2 occur?

Draw a diagram of the structure labelled A to show its appearance immediately after the process named in Question 4.2.
	
	(4)

(1)

(2)

(1)

(2)
(10)


GENETICS PART ONE

PREAMBLE 
According to your work schedule 3 weeks (4 x 1 hour lessons per week) is the time allocated to teaching this topic. The main aspects to be covered are as listed below:
1. Mendel’s experiments describing the Laws of Dominance and Segregation

2. Definitions of genetic concepts 
3. Mutations : types and effects 

4. Genetic problems including inherited disorders and interpreting  pedigree diagrams 

5. Genetic engineering  in medicine and agriculture including  cloning  and the ethics and legislation concerning genetic engineering 

INTRODUCTORY LESSON could begin with an activity that would stir up curiosity in how characteristics are inherited e.g. a quick survey of observable characteristics 
Activity 1 

HUMAN INHERITED TRAITS
	TRAIT DESCRIPTION
	YOURSELF
	CLASS MATE

	Tongue rolling
	
	

	Hitchhiker’s thumb
	
	

	Free earlobe
	
	


This activity should not take more than five minutes. This activity aims to emphasise the variation in characteristics inherited from parents.

Learners will work in pairs and complete table above
Teacher must explain/demonstrate each trait. The following diagrams will assist.
Hitchhikers thumb





       No Hitchhikers thumb
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                 Attached earlobe 






Unattached earlobe
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     Non Roller                                                                        


   Roller





 
HOW are these traits inherited?
Genes, which are inherited from parents and grandparents, determine the physical, mental and emotional characteristics of a person. The genetic coding that governs such characteristics is transmitted via DNA. DNA is found on chromosomes which are contained in the nucleus of sperms and eggs which fuse during fertilization. A new individual is thus created¸ possessing a blend of genetic information from each parent as shown in the diagram below.

What you look like is known as phenotype (as shown in the picture of the man and woman above).
The genetic composition is your genotype as in humans, there are 46 chromosomes in

each adult,  with specific genes on each chromosome 

Revise the structure of DNA, chromosomes, meiosis and crossing over using suitable diagrams such as the ones below.








GENE


DNA molecule

· Homologous chromosomes will be similar in size and shape

· Genes coding for the same characteristic will be found at exactly the same corresponding sites (locus/i)on each homologous pair

· Alleles are versions of the same gene on homologous chromosomes e.g.  the gene for 


colour of a flower may have an allele for red flower and an allele for white flower 


         With reference to the above diagram explain the following concepts 

· Individuals could be homozygous  (PP or aa) or heterozygous  (Bb) for 

a particular characteristic

· Alleles could be dominant (B) or recessive (b)

· When a dominant and recessive allele pair off, the dominant trait is always

expressed in the phenotype 

· The recessive trait will be expressed only when two recessive alleles are inherited 

by the individual (aa)
	Organisms that have two similar alleles e.g. PP or aa are known as homozygous, pure-breeding or true breeding
	Organisms that have different types of alleles e.g. Pp or Bb are known as heterozygous or hybrids
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DEFINITIONS

	HEREDITY
	The passing on of physical and mental characteristics from one generation to another

	GENETICS
	The study of heredity and the variations that occur during transmission of hereditary characteristics

	GENES
	Small portions of the DNA molecule which code for a specific characteristic

	LOCUS /LOCI
	Particular position occupied by a gene on a chromosome

	ALLELE
	Different expressions of a gene found on the same locus on homologous chromosomes 

	DOMINANT ALLELE
	An allele that is always expressed in the phenotype

	RECESSIVE ALLELE
	An allele that is only expressed in the phenotype if not accompanied by a dominant allele 


Activity 2

1. For each genotype below, indicate whether it is heterozygous OR homozygous.

     TT _____ Bb _____ DD _____ Ff _____ tt _____ dd _____

     Dd _____ ff _____ Tt _____ bb _____ BB _____ FF _____

     Which of the genotypes would be considered purebred?    

     _____________________________________________________

     Which of the genotypes would be hybrids? 

     _____________________________________________________  

2. Determine the phenotype for each genotype using the information provided.
     
Yellow body color is dominant to blue.

     
YY ________________ Yy ________________ yy ________________

     
Square shape is dominant to round.

   
SS ________________ Ss ________________ ss ________________

3. Patrick is a tall person and Simon is short. Work out the genotypes that are possible 

if T is the allele for tallness and t is the allele for shortness
     
Patrick___________                 Simon  _______________

4. Black hair (B) is dominant to blonde(b).What would be the possible genotype/s for  a
     
Brunette (Black hair)_____________   blonde _________________

 MENDEL’S EXPERIMENT WITH PEAS
Ask learners to read up on Mendel before you teach the laws and monohybrid crosses.

A class discussion could take place. Remember to tell learners that at the time of Mendel’s research, there was no scientific evidence of the existence of DNA and genes, as technology was yet to be invented.

    PEA PLANT CHARACTERISTICS
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When Mendel crossed a pure breeding tall pea plant with a pure breeding short pea plant, all the offsprings (F1 –first generation) were Tall. When he took two plants from the F1 generation and crossed them, 3 plants were tall and one was short
Diagrammatically  the following steps show how Mendel’s monohybrid cross leading   to

 F1 ( first generation) and F2 ( second generation) can be written:

P1


phenotype            

:         (Tall)         
x           
(Short)

 


genotype                            
:          TT                             
 tt
meiosis  
GAMETES





:          T,   T  (sperm)                t,  t  (egg)

fertilisation 








F1


genotype


:          
Tt       Tt         Tt     Tt      

phenotype                    
:   
   All Tall (as T allele is dominant)      


P2


phenotype            

:         (Tall)         
x           
(Tall)

 


genotype                            
:          Tt                             
 Tt
meiosis  
GAMETES





:          T,   t  (sperm)                T,   t  (egg)

fertilisation 








F2


genotype


:          
Tt       Tt         Tt     tt      

phenotype                    
:   
  
 3 tall and 1 short      

This example demonstrates the Law of Dominance where the tall characteristic is represented by the T allele and the short characteristic by the t allele                                               

MONOHYBRID CROSSES DEMONSTRATING THE LAW OF CO-DOMINANCE

Here the alleles for each trait are equally dominant. Both alleles contribute equally to the phenotype as indicated in the example below.
In the diagram below a plant with red flowers is crossed with a plant with white flowers to produce offspring with flowers that have patches of red and white. Both characteristics of parents are seen (as in the picture below) which means that both alleles are equally dominant.




 Phenotype                                                                      genotype

MONOHYBRID CROSSES DEMONSTRATING THE LAW OF INCOMPLETE DOMINANCE
Here two different alleles for the same characteristic do not dominate each other but both contribute to develop a new characteristic. This new characteristic will appear in the phenotype as intermediate or a blending of the original characteristics. The offspring produced will be hybrids with both alleles present e.g. when a pure breeding plant with red flowers is crossed with a pure breeding plant with white flowers, all the offspring will be plants with pink flowers (F1)
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NB :    When 2 plants of the F1 generation with pink flowers are crossed the F2 generation will 

           produce the following:

              
25%  red flowered plants with genotype RR

              
50%  pink flowered plants with genotype RW

             
25%  white flowered plants with genotype WW

MENDEL’S LAW OF SEGREGATION                              

When Mendel crossed true-breeding plants exhibiting different forms of a trait, green-pod and yellow-pod colour, he found that the traits did not blend, but that the F1 progeny (offspring) produced only green-coloured pods. 
Mendel hypothesized that if the heritable factor for yellow pods had been lost, then the F1 plants should only be capable of producing green-pod progeny. Mendel allowed the F1 plants to self-pollinate to produce the next generation. In this F2 generation, there were 428 plants with green pods and 152 plants with yellow pods which give a 3:1 ratio of green to yellow. 
From these types of experiments and observations, Mendel concluded that the heritable factor for yellow pods was not lost in the F1 plants, but was masked by the presence of the green-pod factor. 

Explanation:
Scientists later discovered that those heritable factors were genes and that a gamete contains only one of the pair of chromosomes, not both, since the homologous pair of chromosomes separate

The above diagram clearly indicates that homologous pair of chromosome inherited by the child will have one chromosome from the father and the other one from the mother which reinforces Mendel’s Law of Segregation
SUMMARY OF MENDEL’S OBSERVATION

1. 
Genes are never lost but carried from one generation to the next even when they do not 
contribute their characteristic to off springs

2. 
There are two versions of each gene

3. 
Each gamete contains one allele of each gene

4. 
Male and female contribute equally to the genotype of their offspring

5. 
Some alleles are dominant over each other

6. 
Some alleles are equally dominant

7. 
Some alleles influence the characteristic they represent in such a way that offspring 
show new or intermediate characteristics 

MULTIPLE ALLELES

In the above examples only two alleles for each gene was shown, which coded for different forms of the same characteristic. There are genes, however, that have more than two alleles coding for the same characteristic eg blood type

Your blood type is established before you are born, by specific genes inherited from your parents.  You receive one blood type allele from your mother and one from your father.  There are 4 blood groups in humans as indicated in the diagram below and each blood group has a specific antibody and antigen present on their red blood cells  


The gene for blood type has three different alleles:
IA   results in A antigen on the red blood cells,

IB   results in B antigen on the red blood cells, and

i    does not result in either antigen. 

The IA and IB alleles are equally dominant. They are therefore co-dominant.

The i allele is recessive

An individual can inherit only two of the above alleles

POLYGENIC INHERITANCE

All the crosses studied thus far concerned one gene which influenced one characteristic. There 
are characteristics that are influenced by many genes eg    skin colour  and eye colour      


Examples of traits that are polygenic: 

1. Height

2. Blood pressure

3. Skin colour

4. Congenital heart disease

5. Rheumatoid arthritis
GENETIC DISORDERS

HAEMOPHILIA is a genetic disorder caused by a mutated gene on the X chromosome

   

SICKLE CELL ANAEMIA


ALBINISM
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KARYOTYPE

Each species has a specific number, shape and size of chromosomes in each somatic cell.

A display of these chromosomes is called a karyotype.
The human species, Homo sapiens has 46 chromosomes or 23 pairs.

22 of the pairs are autosomes, the 23rd  pair are the sex chromosomes

There are two types of sex chromosomes viz X and Y

Females have two X chromosomes, while males have one X and one Y 

X and Y chromosomes differ in length and shape and the number of genes they carry
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CLONING
Cloning is the production of an individual that is genetically identical to the individual used to produce it. This may be naturally done or artificially manipulated by man 
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GENOME

The complete set of all the genes in all the chromosomes of a particular species is called its genome. Scientists have already worked out the genomes of many species.

To determine the human genome, scientists had to first work out the sequence of nearly 3 billion nitrogenous bases
Geneticists have now located and identified every human gene on each chromosome

	
	


GENETIC MODIFICATION and 

GENETIC ENGINEERING

Genetic engineering, also called
 genetic modification . 
It is the process where DNA of a certain organism is inserted in another organism’s genome to form a new organism with new and useful characteristics. E.g the gene that encodes human insulin is planted into a bacteria cell 
An organism that is generated through the introduction of recombinant DNA is considered to be a genetically modified organism. The first organisms genetically engineered were bacteria in 1973 and then mice in 1974. Insulin-producing bacteria were commercialized in 1982 and genetically modified food has been sold since 1994.
Activity 2

Describe how genetic engineering has been used in the production of vaccines, 
hormones such as insulin, and genetically modified crops to improve the quality of 
human life.
                                                                                                   

(17)

                                                                                                Synthesis           

 (3)  
                                                                                                  Total                 
(20)       

NOTE: NO marks will be awarded for answers in the form of flow charts or diagrams.
GENETICS PROBLEMS
GENETICS PROBLEM FORMAT

P1
phenotype    
          x
    (


genotype    
          x 
    (


Meiosis



G1                     
          x     
(
 



Fertilization 




   OR  

F1   
genotype
        
              ( 

      
phenotype               
        
  ( 

P1 and F1
(
Meiosis and fertilization ( 

















max
 (6)
COMPLETE DOMINANCE
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1. Two hybrid tall plants are crossed with each other.  What would the phenotype of the F1 generation be?

	KEY
	T-tall
	t-short

	

	P1
	phenotype
	tall
	x
	tall

	
	genotype
	Tt
	x
	Tt

	meiosis

	G1
	T,t
	x
	T, t

	fertilisation
	

	F1
	genotype
	         TT ; Tt ; Tt ; tt

	
	phenotype
	                 3 tall  ;  1 short               


2. A true-breeding normal-winged insect was crossed with a hybrid normal-winged insect.

2.1 Write down the genotypes of the parents and gametes formed. 

	KEY
	N-normal 
	n-abnormal 

	

	P1
	phenotype
	normal
	x
	normal

	
	genotype
	NN
	x
	Nn

	meiosis
	

	G1
	
	N
	x
	N , n

	fertilisation
	

	F1
	genotype
	NN ; Nn

	
	phenotype
	All normal winged


2.2 What percentages of the off-spring …
(a)
will be hybrid for normal wings? 







(b)
will be true-breeding for normal wings?

(c)
will have abnormal wings 










CO-DOMINANCE AND INCOMPLETE DOMINANCE
In both co-dominance and incomplete dominance, a hybrid organism shows a third phenotype --- different from the phenotype of either of the homozygous traits.

With incomplete dominance we get an intermediate between the pure breeding traits so that the third phenotype is something in the middle (red x white = pink). 
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 Incomplete Dominance
In co-dominance, the two homozygous traits appear together, but distinctly in the phenotype of hybrid organisms. E.g. In chicken the allele for black feathers is co-dominant with the allele for white feathers. So when they produce offspring their offspring would have feathers that have both black and white on them. 
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 Co-dominance
3. 
In a certain species of rose plants, there is incomplete dominance between the alleles for red and white flower colour. This leads to the production of a third phenotype of pink flowers as an intermediate characteristic. 

3.1

Determine the genotypes and phenotypes of the F1 if a red flowering rose plant is crossed with a white flowering rose plant. 




         (8)

	KEY
	R-red
	W-white

	
	
	
	
	

	P1
	phenotype
	red flowers
	x
	white flowers

	
	genotype
	RR
	x
	WW

	meiosis
	
	
	
	

	G1
	
	R
	x
	W

	fertilisation
	
	
	
	

	F1
	genotype
	RW

	
	phenotype
	        All pink flowers



3.2
Determine the genotypes and phenotypes of the F2 if the offspring in the F1 were interbred. 

















	KEY
	R-red
	W-white

	
	
	
	
	

	P1
	phenotype
	pink flowers
	x
	pink flowers

	
	genotype
	RW
	x
	RW

	meiosis
	
	
	
	

	G1
	
	R , W
	x
	R , W

	fertilization
	
	
	
	

	F1
	genotype
	RR , RW, RW, WW

	
	phenotype
	      1 red ; 2 pink ; 1 white


4.
A farmer mated a black bull with a white cow and obtained calves with a mixture of black and white coat colour (i.e. they were black with patches of white on them). This is due to co-dominance between the genes for black and white coat colour. 

Use a diagram to show how the above results were obtained. 




	KEY
	B-black
	W-white

	
	
	
	
	

	P1
	phenotype
	black bull
	x
	white cow

	
	genotype
	BB
	x
	WW

	meiosis
	
	
	
	

	G1
	
	B
	x
	W

	fertilisation
	
	
	
	

	F1
	genotype
	BW



	
	phenotype
	All with a mixture of 

black and white

	
	
	


SEX-LINKED INHERITANCE
Study the following genotypes and phenotypes which show how colour-blindness is inherited.  X and Y represent sex chromosomes.
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5.1
Which letter, B or b, represents the allele for colour-blindness?

5.2
Refer to individual N and explain if the allele for colour blindness is dominant or recessive.

5.3
Is the male or the female the carrier of the colour-blind allele?

5.4
What is the name given to the X and Y chromosomes?

5.5
Individuals O and P have a son and a daughter.  Show the crosses by using a punnet square to show the genotypes and phenotypes of the children.

	KEY
	XY - male
	XX - female

	KEY
	B-  normal
	b-  colour-blind

	
	
	
	
	

	P1
	phenotype
	Colour-blind female
	x
	Normal male

	
	genotype
	XbXb
	x
	XBY

	meiosis
	
	
	
	

	G1
	
	Xb
	x
	XB  , Y

	fusion
	
	
	
	

	F1
	genotype
	                 XB Xb    ;  Xb Y

	
	phenotype
	carrier female  ;  colour-blind male


MULTIPLE ALLELES
Generally, each trait/characteristic is controlled by two alleles, but some traits are controlled by more than two alleles, e.g. blood groups are controlled by three alleles. Each person can only have TWO of the three alleles.

A, B, AB and O blood groups are caused by alleles IA and IB which are co-
dominant to each other but dominant over i.

To work out blood groups the following table of genotypes of the different blood groups should be used.

	BLOOD GROUP(PHENOTYPE)
	GENOTYPE

	A
	IAIA or IAi

	B
	IBIB or IBi

	AB
	IAIB

	O
	ii


6.
What are the possible genotypes and phenotypes of the offspring from a man with type O blood and a woman with type AB blood?

	
	
	

	
	
	

	
	
	
	
	

	P1
	phenotype
	O group
	x
	AB group

	
	genotype
	ii
	x
	I A IB

	meiosis
	
	
	
	

	G1
	
	i
	x
	IA  ,  IB   

	fusion
	
	
	
	

	F1
	genotype
	                  IA  i    ;  IB i

	
	phenotype
	            A group  ;  B group


TYPE
In the maternity ward of a hospital, two newly born babies were mixed up.  One baby    

type O and the other was blood type A.  Both mothers thought the baby 
PEDIGREE DIAGRAMS

Steps to follow when completing a pedigree diagram

a. Study any key and opening statement / s provided to look for:-

i. dominant and recessive characteristics

ii. phenotypes

b. Write in the phenotype of all the individuals as given in the problem

c. Fill in the genotype of all the individuals with the  recessive condition – it has to have two lower case letters 

d. For every individual in the diagram that has the recessive condition, it means that each allele was obtained from each of the two parents.  So, work backwards and fill in one  recessive allele for each of the parents

e. If the parents showed the dominant characteristic, then fill in the second letter which has to be a capital letter

f. Any other individual showing the dominant characteristic will most likely be homozygous dominant (two capital letters)

6.
Freckles are small patches of coloured skin. The allele for freckles (a) is recessive to the allele for un-freckled skin (A). The diagram below shows a family where some of the people have freckles.
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6.1
Write down the genotypes of:

(a)
William

(b)
Ben

(c)
Dot

(d)
Claire 












6.2
If Paul and Cher had another child, what would be the chance of it having freckles? 




	KEY
	A-  no freckles
	a-  freckles

	
	
	
	
	

	P1
	phenotype
	No freckles (Paul)
	x
	Freckles (Cher)

	
	genotype
	Aa
	x
	aa

	meiosis
	
	
	
	

	G1
	
	A, a
	x
	a

	fusion
	
	
	
	

	F1
	genotype
	

    Aa ; aa

	
	phenotype
	1 No freckles ; 1 freckles


EXERCISE ON GENETIC PROBLEMS

	1.
	Study the diagrams below that show some breeding experiments on mice.  A single pair of alleles showing complete dominance controls coat colour (white or grey) in these mice.
	
	



	
	1.1
1.2

1.3

1.4
	State which sex chromosomes would be present in the gametes of parent mouse 2 and mouse 3, respectively.
If mice 3 and 4 had a second set of offspring, what is the percentage chance that the first mouse born would be female?

Which of the parent mice (1, 2, 3 or 4) is likely to be homozygous dominant for coat colour?

State why mouse 3 can only be heterozygous for coat colour.
	
	(2) 

(1)

(1)

(2)


	2.
	Study the family tree below which shows inheritance of type of little finger over four generations of a family. 


	
	



	
	2.1

2.2

2.3

2.4

2.5

2.6

2.7


	How many members of the family have straight little fingers?

Is person F homozygous or heterozygous for type of little finger?

Which type of little finger is controlled by a dominant allele?

Explain your answer in QUESTION 2.3

In the fourth generation of the family, what proportion will be female with straight little finger?

Persons F and G are twins. Were they produced from a single fertilized egg cell?

State TWO reasons based on the phenotype to support your answer in QUESTION 2.6
	
	(1)

(1)

(1)

(3)


 (2)


(1)

(2)

(11)



	3.
	Study the pedigree diagram of a family where some individuals have haemophilia. Haemophilia is a sex linked disorder.  Use H for normal blood clotting and h for the haemophiliac trait.  
	
	



Key

	
	3.1


	From the pedigree diagram above, state the relationship between gender and the incidence of haemophilia. 
	
	(2)


	
	3.2
	Write down all the possible genotypes of:
	
	


	
	
	(a)

(b)

(c)
	Peter

Enid

Clarence
	
	(6)

(8)


	4.
	The diagram below shows a crossing between a homozygous black mouse and a homozygous white mouse. The F1-generation was all black.
	
	





4.1
Which characteristic (black or white) is dominant? Give a reason for your 

answer.









    (2)

	
4.2
	Use the symbols R and r for the alleles of fur colour and show diagrammatically a genetic cross between mouse 1 and mouse 3 to show the possible genotypes and phenotypes of the next generation (F2).
	
	(6)
(8)



	
	
	
	

	
	
	
	


	5.
	Fur colour in mice is controlled by a gene with two alleles. A homozygous mouse with black fur was crossed with a homozygous mouse with brown fur. All the offspring had black fur.

Using the symbols B and b to represent the two alleles for fur colour, show diagrammatically a genetic cross between a mouse that is heterozygous for fur colour with a mouse with brown fur.  Show the possible genotypes and phenotypes of the offspring.
	
	(6)


	6.
	The diagram below shows the offspring of crosses between a pure bred black coat bull and a pure bred white coat cow.  The coat colours of the offspring of the first and second generations are also shown.  Coat colour is controlled by two alleles, one for black and one for white coat colour. 
	
	



6.1
Use the letters B and b and state which allele is responsible for ….



(a)
Black coat colour.






         (1)



(b)
White coat colour.






         (1)

6.2
Which animal/s (1 to 8) in the diagram must be homozygous for coat 

colour ?









(3)












                     (5)
	7.
	In humans, the allele for wavy hair is dominant to that for straight hair. Use the letter H to represent the allele for wavy hair and the letter h to represent the allele for straight hair.
	
	


7.1
Explain why the statement below is true:
“A person with wavy hair may be heterozygous or homozygous for this 



characteristic”








(2)

7.2
Represent a genetic cross to show how a man with wavy hair who marries a woman with wavy hair may have a child with straight hair.
  

(6)                                 












(8)
	8.
	It is possible to trace the inheritance of characteristics such as blood groups and genetic disorders over a number of generations.
	
	


	
	8.1
	The pedigree diagram below shows the blood groups of individuals of a family.  The blood groups are indicated inside the circle or square.  The blood groups of individuals W and X are not indicated.
	
	



	
	
	Write down all the possible genotypes of individuals:
	
	


	
	
	(a)

(b)
	W

X
	
	(8)


	
	8.2
	Haemophilia is a blood clotting disorder. Explain why mainly males suffer from this disorder.
	
	(4)

(12)


	9.
	In an experiment to show co-dominance, cows with white fur (W) were crossed with bulls with red fur (R). All the offspring of the F1-generation have roan fur (RW). A roan fur consists of patches of white and patches of red fur. Roan cows and roan bulls were crossed and the results are given below.
	
	


	
	Genotype

RR

RW

WW

Number of offspring

120

240

120


	
	


	
	9.1

9.2

9.3
	Give the ratio of the different phenotypes shown in the above table.

Use the information in the table above to draw a pie-chart showing the proportions of the different genotypes.

Explain why the cows and bulls with genotype RW have roan fur and not only red or only white fur.
	
	(2)

(7)

(3)

(12)


DIVERSITY, CHANGE AND CONTINUITY

Activity 1
1 Give the correct biological term for each of the following descriptions.

	A. The study of fossils to understand life forms that existed in the past
	

	B    The remains or traces of prehistoric life preserved in rocks of the earth
	

	C    Remains of non-functional organs in certain organisms
	

	D    An explanation for something that has been observed in nature and which can be supported by, facts, laws and tested hypothesis
	

	E    The physical appearance of an organism
	

	F     A group of organisms that have a large number of similar characteristics and are able to breed and produce fertile off-spring
	

	G   Genetic make-up of an individual
	

	H   Structures that are similar in origin
	

	I    Speciation due to geographic barrier
	

	J   Differences among organisms of the same  species
	

	K   When an environment selects characteristics that  are to desirable and is passed on to the next generation
	

	L  The selective breeding of domesticated plants and animals by humans to form offspring with desirable characteristics
	


THEORY OF EVOLUTION

 The theory of evolution says that all things (everything in the universe) we see in the present day arose from things that existed in the past but they look different because things change over long period of time.

EARLY THEORIES OF EVOLUTION

Alfred Wallace

He based his ideas on natural selection

He observed plant and animal life in several parts of the world.

Wallace travelled to South America, Malay Archipelago and it’s here that the idea of natural selection came to his mind.

Erasmus Darwin

He believed life develops from simple forms and that there are similarities among different organisms.

Jean Baptiste de Lamarck

Published his theory in 1809 the year Charles Darwin was born.

Lamarck based his theory on TWO ideas:
1.Law of use and disuse

 He stated that in an organism, those parts that are extensively used to cope with environment become larger and stronger e.g. Blacksmith developing bigger biceps in the arm that work the hammer

2.Law of acquired characteristics
Modifications an organism acquires during its life time can be passed along to its offspring ie Blacksmiths may increase strength and stamina by using a  heavy hammer and that can be passed to offspring.

How would Lamarck explain the evolution of the present long giraffe?

-The original giraffes had short necks and short legs

-Giraffes frequently stretched their necks to reach for leaves of tall trees

-Causing the necks to become longer-This added length was passed on to their offspring-Forming offspring with longer necks that the previous generation
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Why is Lamarck theory rejected?
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He made an erroneous assumption that acquired characteristics are inherited.

Lamarck ‘s theory is deterministic/ organisms did not evolve because they wanted to.
ACTIVITY 2     
2.1 Study the following diagram of a duck’s foot below and answer questions that follow




2.1 .1 Describe how Lamarck would explain the presence of a webbed foot in a duck. 
(5)

2.1.2 Explain why Lamarck theory is not accepted by most scientist?       

 
(4)


CHARLES DARWIN

What is natural selection according to Charles Darwin?
The process in nature by which only the organisms best adapted to their environment tend to survive and transmit their genetic characteristics in increasing numbers to succeeding generations while those less adapted tend to be eliminated.
DARWINS THEORY OF EVOLUTION BY NATURAL SELECTION

· Most organisms produce a large number of off- springs in their life time

· Off-springs of the same species show a great deal of variation

· These organisms compete with each other for food, shelter etc

· Off-springs that have desirable features for obtaining resources will survive

· Nature has selected organisms with the desirable features for survival

· A large number  off-springs will die and only a small number will survive

· Those that survive reproduce to form the next generation 

Activity 3


	3.1.1
3.1.2

3.1.3

3.1.4
	Name the process labelled C that is a source of genotypic variation.
Name the phases of meiosis, labelled A and B, respectively.

Name the TWO types of mutations, labelled D and E, respectively.

Describe how the process labelled F can lead to the formation of a new plants species  

                                                                                                                  
	
	(1)
(2)

(2)

(3)




Diagram A




Diagram B

(a) Are the moths in diagram A having the same colour, support your answer.

(b) What causes the moths to have different colours?

(c) Which moth in diagram A will be easily spotted by, predators? Explain your answer.
(d) Which moth in B, is likely to survive predators, and why?

Activity 4

	    4.1

	Study the three diagrams (A, B and C) below that show a mechanism used to explain evolution. 
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4.1.1 
From comparisons of picture A and B, mention the feature of the cacti that have   

         
enable them to survive long periods of hot, dry weather conditions


     (1)

4.1.2 Name the mechanism put forward by  Darwin to explain his theory of evolution  

that is illustrated in the diagram


    
    (1)


4.1.3 
Use the three diagram above to explain the mechanisms mentioned above

    (5)
	4.2
	Study the diagram below that shows the change in numbers of black and white mice living in an environment with light-coloured sand.



	
	4.2.1

4.2.2

4.2.3
	What phenomenon is illustrated in the diagram?
Describe how the sequence of events labelled A, B and C represents the phenomenon named in QUESTION 4.2.2.

Will the next generation of mouse population generation of mouse population more likely be all white or all black?

	
	(1)

(5)

(1)

(7)

	
	4.3.1
4.3.2
	State the FOUR observations upon which Darwin based his theory.
Tabulate TWO differences between Lamarck's and Darwin's theories.
	
	(4)
(5)

	
	
	
	
	(9)


How would Darwin explain the long necks of a giraffe?

· Darwin would say that in the original population of giraffes ,there was genetic variation
· Some giraffes had longer necks than others

· Environmental competition for resources occurred

· Causing those with shorter necks to die
· And those with longer necks to survive

· Since they could reached the leaves on top of the trees

· Nature selected them to survive { survival of the fittest} 

· The genotype for long necks was passed to the next generations till this present generation

Artificial selection/ Selective breeding

What is artificial selection?.

Artificial selection is the intentional reproduction of individuals in a population that have desirable traits.  
Examples of domestic plants used in artificial selection
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Teosinite ( left) and its modern descendent, corn.

 Examples of domestic animals used in artificial selection
	

	




      Chihuahua mix and Great Dane

ARTIFICIAL SELECTION

How is artificial selection similar to natural selection?
Both natural and artificial selection produce changes in living organisms over time
· Selection force in natural selection is the environment
· Selection force in artificial selection is human need

· In natural selection the best adapted organisms survive
· In artificial selection, it is not the best adapted that are necessarily allowed to survive since humans artificially nurture and reproduce them for them to be successful.

Formation of species

How does a single species give rise to more different species?
· Speciation requires that a single population of organisms divide into two or more populations that no longer interbreed

· Without interbreeding no gene flow occurs between the populations
· Populations may evolve separately into distinct species.

In allopatric speciation, population becomes geographically isolated and can no longer interbreed.
In sympatric speciation the individuals may be in the same habitat but other factors such as genetic change e.g. change in chromosome number in one or two individuals in a population, prevents them from interbreeding.                                                                                       
 Speciation
	Allopatric speciation
	Sympatric speciation

	A population of a particular species may become split by a geographical barrier
	A population of a particular species may become separated by factors other than a geographical barrier. E.g. A part of the population may feed only in the mornings and the other part of the population may feed only in the evenings

	As a result the two parts of the population cannot interbreed
	As a result the two parts of the population are unlikely to interact with each other to interbreed

	There is no gene flow between the two populations
	There is no gene flow between the two populations

	Natural selection occurs independently in each population
	Natural selection occurs independently in each population

	due to different environmental conditions on either side of the barrier
	due to different environmental conditions at different times of the day (e.g. more predators during the day rather than the evenings)

	As a result, the two populations become genotypically and phenotypically different over a period of time
	As a result, the two populations become genotypically and phenotypically different over a period of time

	such that if the geographical barrier is removed at some later time they will not be able to interbreed again
	such that if they have to mix at some later time they will not be able to interbreed again

	We say that one or both parts of the population have become a new species
	We say that one or both parts of the population have become a new species


Activity 5

CICHLID FISH OF THE AFRICAN GREAT LAKES
The great lakes of Africa: Lake Malawi, Lake Tanganyika and Lake Victoria are all swarming with hundreds of species of endemic Cichlid fish species viz.  700, 250 and 450 respectively, arising from a common unspecialized ancestral organism which was likely to be feeding on insects and possibly other types of food. Each of these species occupies and is adapted to a distinct ecological niche. At one time all of these lakes were connected with each other.

It has been noted that closely related species may differ in colour.  Mates are selected according to colour e.g.  in one population, the females selected red males and in another blue males.   The fish may also be plankton feeders, algae feeders, predators, scavengers, parasite cleaners and egg stealers. It also seems that the basic design of the fish where they have a second pair of jaws (as shown in the diagram below) allows cichlids to diversify and feed in many different ways.

It has been noted that cichlids living in shallow water above a sunken rock (called a reef) are unlikely to swim through deep water to other such reefs. It has also been suggested that the pools of water dried out. Numerous pools each with their own population of cichlids were left behind. 

5.1.1
Identify and explain the type of speciation that has resulted in the various cichlid species occupying the different Lakes of Africa.






(3)

5.1.2
Draw a pie chart to show the numbers of cichlid species on each of the different 
Lakes 
of Africa

5.1.3
Which Lake had the most abundant species of cichlid species?  Suggest ONE reason for this.











(3)

5.1.4
Describe how new Cichlid species appeared in each Lake other than through the type of speciation named in QUESTION 5.1.1

Activity 6

6.1      Study the diagrams below and provide explanation for each isolative mechanism. 

	REPRODUCTIVE ISOLATION MECHANISM
	EXPLANATION

	Breeding at different times of the year
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Butterfly / any other example of a nocturnal, diurnal, seasonal animal
	

	REPRODUCTIVE ISOLATION MECHANISM
	EXPLANATION

	species-specific courtship behaviour (animals)
Mallard duck, fireflies, fruit fly or any other suitable example
	

	Adaptation to different pollinators (plants)
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Any example of a flowering plant such as gladiolus or iris 
	

	Infertile offspring
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Cross between a horse and a donkey to produce a mule


	


EVIDENCE OF EVOLUTION
How do we know evolution has occurred?
Scientist provide us with evidence from the following fields as for their acceptance on the theory of evolution
· Palaeontology – fossil record

· Molecular Biology and Genetics

· Comparative anatomy ( homology)

· Comparative embryology

Activity 7

Study the stages in embryonic development as shown by examples of these 
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7.1.1 
Name Four visible features these embryos have in common.


(4)

7.1.2 
Which evolutionary idea does the resemblance of these vertebrate 


embryo reinforce? 








(1)

7.1.3 
Show TWO characteristics shown by embryos of different vertebrate 


that scientist 
use as evidence that these might have a common ancestor.
(2)

7.1.4 
Explain how scientists have used each of the following as evidence


 of evolution


(a)     an appendix is present in alimentary canal of  humans


(3)


(b)     Gill slits are present at one stage in the development of human 



embryo








(3)


(c)     
State TWO pieces of evidence from comparative embryology


 
that have led scientists to believe that all vertebrates may have 



a common ancestor   






(2)

Activity 8  
	8.1


	Study the basic plans of three different vertebrate limbs shown below.



	
	


8.1.1 Are the above examples of homologous or analogous structures?


(1)

8.1.2 Explain your answer to QUESTION 8.1.1






(2)

8.1.3 State one way in which the forelimbs of the:

 
(a) Bat are adapted for flying







(1)

      
(b) Mole adapted for digging







(1)














(5)

HUMAN EVOLUTION


Paleoanthropology - is the study of human evolution based on information collected from fossil records.  This information changes all the time as scientists find new evidence. 

The place of the family Hominidae in the animal kingdom



Humans are primates and because of this they have a common ancestor with apes, but it does not mean that humans come from apes. It means that humans and apes descended from a common ancestor that lived between 6 and 10 million years ago.
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Comparison of human and other primates

Humans are primates and thus they have certain characteristics that are similar to other primates, but they also have characteristics that distinguish them from the other primates. 

Activity 1

1. The stick diagram below illustrates the features that humans share with primates. 


1.1 Explain TEN characteristics that humans share with primates using the numbers

     in the stick diagram.  








(20)   


















Activity 2

1.1
Compare Homo sapiens with the other primates with regards to the following features:

	Feature
	Humans
	Other primates

	Mode of walking
	
	

	Brain size
	
	

	Face:
· Shape of face

·  Chin

· Nose

· Jaws

· Brow ridges

· Forehead
	
	

	Position of foramen magnum
	
	

	Dentition:
- size of canines

- spaces between teeth

- arrangement of teeth
	
	















(24)
1.2 The following two questions refer to the characteristics of Homo sapiens:
(a) State ONE advantage of having an opposable thumb.




(1)

(b) Explain TWO advantages of bipedalism.





(4)
Progressive evolution of the above listed features from the ape-like beings to the humans

Activity 3

1. The diagram below illustrates organisms that have helped scientists to propose evolutionary relationships using the anatomical features. Study it and answer the questions that follow. 


1.1
Identify species labelled A, B and C.






(3)

1.2
Name the opening labelled X.







(1)

1.3 Tabulate FIVE observable features of the skulls that differentiate species A
 from species C.









 (11)

1.4 Which ONE of the organisms (A, B or C)) were quadrupedal?

           
(1)

1.5 Give ONE observable reason for your answer to the above question.


(2)

1.6
Name THREE fossils of Australopithecus found in South Africa.


(3)

2. Examine the three skeletons below. They are all drawn to the same scale. Answer the questions that follow.
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2.1
List THREE visible differences between these three skeletons.                          (3)

2.2
Are gorillas bipedal or quadrupedal? Provide evidence from the skeleton to 

  
support your answer.                                                                                            (5)


2.3      
We are more closely related to the Australopithecus than the gorilla. 


Provide and discuss TWO visible reasons why scientists believe this 


to be true.                                                                                                             (4)


(12)

The contribution of African fossils to the understanding of human evolution

Activity 4

1. Study the diagram below and fill in the required information in the table below.

	Examples of fossils
	Year of existence
	Short description
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Australopathicine

 e.g. Taung Child
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Handy Man/

Homo habilis
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Homo erectus 
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Homo sapiens
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2. Describe FIVE progressive evolutionary trends that can be observed from early australopithecines to recent humans.






(5)
Fossils found in the Cradle of Humankind and scientists’ interpretation of these 
fossils 

· About 50 kilometres northwest of Johannesburg in South Africa, there is a site that is occupying about 47 000 hectares that contains a complex of limestone caves. 

· The site has produced a large number, as well as some of the oldest, hominid fossils ever found. 

· Some of the fossils date as far back as 3.5 million years ago. 

· This is a World Heritage Site and it is called the Cradle of Humankind because many scientists believe that it is the birthplace of human species. 

· The Cradle of Humankind contains more than three dozen fossil-bearing caves and about 12 of these are the main fossil sites. 

· Some of the well known fossil-bearing sites in the Cradle of Humankind are the Sterkfontein, Swartkrans, Kromdraai and Malapa caves.
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Map of Cradle of Human kind
ACTIVITY 5

1. The following questions are on “the cradle of humankind”



(1)
1.1  Where in South Africa is the “cradle of humankind”?



(2)

1.2 Give ONE reason why this area is regarded as the cradle of humankind?
(1)

 1.3
In which world-renowned caves in this area was the skull of Mrs Ples found?





(1)

1.4
Name the most complete Australopithecus skeleton discovered in the 


Cradle of humankind?



(1)
2. Study the given table below that shows the brain volume of 5 species of hominids and answer the questions based on it.
	Species of homonids
	Brain volume in cm3

	A. afarensis

A africanus

H habilis

H. erectus

H. sapiens
	400

500

800

1100

1300


2.1 Draw a bar graph to represent the data in the table.


(10)



2.2         Which hominid species has the:

(a) smallest brain?








(1)

(b) biggest brain?








(1)

· Fossils found in the Great Rift Valley and their interpretation 

· The Great Rift Valley is in East Africa, it extends from Lebanon in the north to Mozambique in the south. 

· It is a rich source of fossils. 

· Scientists believed that South Africa is the only cradle of humankind,

· After discovering some fossils older than the ones in South Africa in Great Rift Valley it was also considered as the cradle.
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Major Early Hominid Sites
Examples of fossils found are:

	Fossil and nickname
	Year discovered 
	Site where discovered
	Estimated age

	Australopithecus africanus
“Taung Child”
	1924
	Taung
	2 to 3 million years old

	Australopithecus africanus
Mrs Ples
	1947
	Sterkfontein
	± 2.5 million years old

	Australopithecus

“Little Foot”
	1994 - 1997
	Sterkfontein
	± 3.3 million years old

	Australopithecus sediba
 “Karabo”,
	2008 - 2010
	Sterkfontein
	± 1.95 - 1.78 million years old

	Australopithecus boisei
Nutcracker man
	1959
	Olduvai Gorge in Tanzania
	± 2.5 - 1.75 million years old

	Homo habilis
“Handy man” or “Twiggy”
	1968
	Olduvai Gorge in Tanzania
	±1.85 million years old

	Sahelanthropus tchadensis
Toumai
	2001
	Southern Sahara desert in Chad, in Central Africa
	± 6 - 7 million years old


Fossil evidence for the ‘out of Africa’ hypothesis

From the examples of fossils given in the table above, scientists believe that the oldest human ancestors were found and they migrated to the rest of the world as shown in the map below.

The successful modern humans rapidly expanded and migrated into Eurasia. 
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Map showing the “out of Africa’ hypothesis

· Genetic evidence for the “out of Africa’ hypothesis

DNA from Y chromosomes and mitochondrial DNA are used to determine individual’s ancestry.

Using DNA from Y chromosomes
· Male sex chromosomes are XY and female sex chromosomes are XX. 

· During meiosis there is no crossing over between the X-chromosome and the 

Y-chromosome in male sex chromosomes

· DNA in the Y-chromosome is passed from father to son without any DNA from the mother.

· DNA from the Y-chromosome is used to trace the male ancestry
Genetic researchers analysed the Y-chromosome of modern humans and this lead to a common male ancestor who lived in Africa around 50 000 years ago. They then concluded that:

- all humans alive today are genetically very similar and can interbreed. 

- there are small genetic differences between modern humans as a result of adapting to their local environment. 

Using mitochondrial DNA 
· All cells contain mitochondria where cellular respiration takes place 

· During this process, energy is released which helps the cell to do its activities. 

· Mitochondria in cells contain DNA which is known as mitochondrial DNA (mtDNA). 

· Egg and sperm cells contain mtDNA like all cells. 

· When egg cell and sperm fuse during fertilisation, the mtDNA of the sperm cell does not enter the egg cell. 

· This is because only the head part of the sperm penetrates the egg cell and the neck with the mitochondria does not penetrate the egg cell. 

· The zygote formed will only have mtDNA of the mother and the offspring, male or female, will only have mtDNA from the mother. 

· mtDNA is used when one traces the female ancestry
Genetic researchers analysed modern humans using 133 types of mtDNA and they concluded that:

- all modern humans descended from a common ancestor, a woman from Africa. They dubbed her Mitochondrial Eve and she lived around 150 000 years ago.

The scientists general belief concerning the origin of anatomically modern humans is the "Out of Africa" hypothesis, which states that:

- Homo sapiens arose in Africa and migrated out of the continent around 50 000 to 100 000 years ago

- Homo sapiens replaced populations of Homo erectus in Asia and Homo neanderthalensis in      
Europe.
· Migration of Homo erectus from Africa into the rest of the world
Scientists believe that:

·  Homo erectus evolved after Homo habilis  

· they existed between 1.8 million and 300,000 years ago. Homo erectus 
· they migrated out of Africa around 2 million years ago into Europe and Asia. 

· The fossils of Homo habilis and all the australopithecines are found only in Africa
· fossils of Homo erectus have been found in Africa, Asia, and Europe. 

E.g. of Homo erectus fossils found outside Africa
1.  "Java Man" was discovered by Eugene Dubois in 1891 on the Indonesian island of Java. 

Its age is estimated at ± 700 000 years old.

2. “Peking Man” was discovered between 1929 and 1937 at Zhoukoudian near Beijing (formerly called Peking), in China. Its estimate age is between 500 000 and 300 000 years old.

It is thought that competition for space and food is the cause of migration of Homo erectus. 

As the environmental conditions change they became adapted to new conditions.  

Homo erectus are the first organisms that used fire and it is assumed that this was because they were adapting to colder environments. 

Activity 6

1. During the study of the fossil records the following timeline of hominids were constructed.  Study it and answer the questions that follow.

                        [image: image88.emf]
1.1 How many million years ago did the hominid group split (at A) into two groups?
(1)

1.2 What is the main characteristic that caused the hominids to split into two separate 

groups at A?










(1)

1.3 Which organism is thought to be the immediate ancestor of A. robustus?

(1)

1.4 What are the common names of TWO Australopithecus species fossils that were 

discovered in South Africa?



(2)

Evolution in present times

Evolution is a very slow process that can be observed over millions of years in humans.

It can be observed in shorter periods in small organisms such as insects and microbes that have shorter generation times and quickly adapt to new conditions. 

Evolution of resistance in insects to pesticides

· Pesticides are used to kill insects 
· Insects become resistant to the pesticides over a period of time
· Insects that lack resistance become eliminated by natural selection 

· insects resistant to the pesticides survive and they reproduce

· Offspring are resistant to the pesticides
· Pesticides become ineffective and no longer kills the insects
Example:

DDT (dichloro-diphenyl-trichloro-ethane) 

-
It was widely used to control malarial mosquitoes
-
Malarial mosquitoes are hosts of the parasitic protozoa, Plasmodium that causes malaria in humans
-
Was successfully used during 1940 – 1960 to control malaria by killing the malarial mosquitoes 

-
It was sprayed on the inside walls of houses where mosquitoes breed
-
In the 50’s the malarial mosquitoes developed resistance to DDT
-
 It is no longer effective in controlling malaria
This malarial mosquitoes resistance to DDT can be explained using natural selection theory: 

- Before the use of DDT to malarial mosquitoes
- the mosquito population would show genetic variation
- most mosquitoes would die if sprayed with DDT
- a few mosquitoes that will be able to survive DDT and do not die when sprayed
- mosquitoes susceptible to DDT die
- DDT resistant mosquitoes become naturally selected 

- they reproduce offspring that are resistant to DDT 

- If DDT is used again more mosquitoes become resistant
- mosquitoes susceptible to DDT eventually become eliminated
- Over time DDT will no longer be effective in killing mosquitoe.

2. Evolution of resistance in bacteria to antibiotics

· Antibiotics are used to fight pathogenic microorganisms such as bacteria, fungi and protozoans. 

· When the course of treatment by antibiotics is discontinued before it is finished or when the dosage of antibiotic is not strong enough, some bacteria survive and they become resistant to the antibiotics and they reproduce.

· Offspring will resist treatment with the same type of antibiotic.

Example:

Tuberculosis-causing bacteria

· Tuberculosis (TB) is caused by bacteria called the Mycobacterium tuberculosis
· Antibiotics are used over six months to treat TB
· If the patient takes the treatment incorrectly or does not complete the treatment, drug resistant strain of TB-causing bacteria develops. 

· Bacteria that are resistant to two strong first line anti-TB drugs cause multi-drug resistant TB (MDR-TB)
· Extensively drug resistance TB (XDR-TB) is caused by multi-drug resistant bacteria and it is more dangerous since it is incurable and usually leads to death.

Drug resistant strain of TB can be explained in terms of natural selection theory:

-
In a Mycobacterium tuberculosis population, there is genetic variation
-
most bacteria will die when treated with antibiotics
-
some bacteria will be resistant to antibiotics because of their genetic make-up
- 
antibiotics resistant bacteria would be naturally selected 

-
they will survive and reproduce
- 
offspring population will have fewer bacteria that will die when treated with antibiotics
-        in each generation of bacteria produced there will be fewer bacteria that will die when treated with antibiotics 

-
eventually the same antibiotic will no longer be effective
-
Resistant strains of tuberculosis-causing bacteria are produced 

-
they survive and this leads to MDR-TB and XDR-TB.

Activity 7

1.
Study the following diagram showing the effect of DDT on a population of mosquitoes and answer the questions based on it.


1.1
Describe the phenotype of the first generation of mosquitoes:


(a)
before pesticide application





(2)


(b)
after pesticide application


 



(3)
1.2
Explain the result of the first pesticide application.




(3)
1.3
Why are there many more mosquitoes in the second generation?


(3)
1.4
Why are there no light coloured mosquitoes in the second generation after the

pesticide was applied?








(2)
1.5 Use the information from the diagram above to write an account explaining how 

mosquitoes may develop resistance to DDT. 





(8)
1.6 Use the information in the diagram below to explain how bacteria may become 
      resistant to penicillin.








(5)
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2. The information and question below are based on natural selection.
	Antibiotics are used to kill bacteria that cause diseases. In 1972, there was an epidemic of typhoid in Mexico. Normally, an antibiotic called chloramphenicol cured it. This time the antibiotic did not work and more than 14 000 people died. Eventually, doctors found an antibiotic that did work.


2.1 Using your understanding of natural selection, explain why chloramphenicol did not 

control the epidemic mentioned above.






(5)
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Gregor Johann Mendel � HYPERLINK "http://en.wikipedia.org/wiki/File:Gregor_Mendel.png" \o "\"153\" " ���


Born July 20, 1822


(1822-07-20)�Gregor Johann Mendel (July 20, 1822– January 6, 1884) was an �HYPERLINK "http://en.wikipedia.org/wiki/Austria" \o "Austria"�Austrian� �HYPERLINK "http://en.wikipedia.org/wiki/Augustinians" \o "Augustinians"�Augustinian� �HYPERLINK "http://en.wikipedia.org/wiki/Monk" \o "Monk"�monk� and �HYPERLINK "http://en.wikipedia.org/wiki/Scientist" \o "Scientist"�scientist�, who gained posthumous fame as the figurehead of the new science of �HYPERLINK "http://en.wikipedia.org/wiki/Genetics" \o "Genetics"�genetics� for his study of the �HYPERLINK "http://en.wikipedia.org/wiki/Biological_inheritance" \o "Biological inheritance"�inheritance� of certain �HYPERLINK "http://en.wikipedia.org/wiki/Trait_%28biological%29" \o "Trait (biological)"�traits� in �HYPERLINK "http://en.wikipedia.org/wiki/Pea" \o "Pea"�pea� plants. Mendel showed that the inheritance of these traits follows particular �HYPERLINK "http://en.wikipedia.org/wiki/Mendelian_inheritance" \o "Mendelian inheritance"�laws�, which were later named after him. The significance of Mendel’s work was not recognized until the turn of the 20th century. The independent rediscovery of these laws formed the foundation of the modern science of genetics.





Gregor Mendel, who is known as the “father of modern genetics”, was inspired by both his professors at university and his colleagues at the monastery to study variation in plants, and he conducted his study in the monastery’s two hectare experimental garden, Between 1856 and 1863 Mendel cultivated and tested some 29,000 �HYPERLINK "http://en.wikipedia.org/wiki/Pea" \o "Pea"�pea� plants (i.e., �HYPERLINK "http://en.wikipedia.org/wiki/Pisum_sativum" \o "Pisum sativum"�Pisum sativum�). This study showed that one in four pea plants had �HYPERLINK "http://en.wikipedia.org/wiki/Purebred" \o "Purebred"�purebred� �HYPERLINK "http://en.wikipedia.org/wiki/Recessive" \o "Recessive"�recessive� �HYPERLINK "http://en.wikipedia.org/wiki/Alleles" \o "Alleles"�alleles�, two out of four were �HYPERLINK "http://en.wikipedia.org/wiki/Hybrid_%28biology%29" \o "Hybrid (biology)"�hybrid� and one out of four were purebred �HYPERLINK "http://en.wikipedia.org/wiki/Dominance_%28genetics%29" \o "Dominance (genetics)"�dominant�. His experiments led him to make three generalizations which later became known as Mendel’s Laws of Inheritance viz, the �HYPERLINK "http://en.wikipedia.org/wiki/Mendelian_inheritance" \l "Law_of_Segregation" \o "Mendelian inheritance"�Law of Segregation� ,Law of Dominance and the �HYPERLINK "http://en.wikipedia.org/wiki/Mendelian_inheritance" \l "Law_of_Independent_Assortment" \o "Mendelian inheritance"�Law of Independent Assortment�.














Three genes could influence the same trait. These genes may be located at different places on the same chromosome or they may be located on different chromosomes





Cause:  	A mutation on the X 


 		chromosome 


Symptom:  	Blood will not clot to stop 		bleeding








Cause:  	A mutation on the 			gene for haemoglobin


Symptom:  	sickle shaped red 			blood cells &


		clumping and 			thickening of blood 			clogging up blood  			vessels 





Cause:  	a recessive allele


Symptom:  	lack of pigment on skin, hair and eyes





           Normal male karyotype





                 Normal female karyotype





Natural cloning takes place quite commonly in nature. Animals produce a litter of offspring eg dogs and humans produce twins, triplets etc.  After fertilisation the zygote divides mitotically so that each new organism formed has an identical set of chromosomes





Afghan pup has been cloned by man.


Pup will have the same phenotype and genotype to the adult used to clone it   





Dolly was the first successfully cloned sheep





� HYPERLINK "http://www.assaf.org.za/governance/assaf-staff/000_9941/" ���
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