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	2.5 Genetics
	Objectives

At the end of this sub section students should be able to:

	2.5.1 Heredity and Variation


	1. Discuss the diversity of organisms

2. Define the term species
3. Distinguish between inherited and acquired variation

4. Give examples of inherited and acquired variations

5. Define the term heredity

	2.5.2 - 2.5.3 Gene Expression


	6. Define the term gene 

7. Outline the role of a gene

8. Define the term gene expression

9. Know the structure of a chromosome



	2.5.4 + 2.5.14.H DNA structure


	10. Outline the complex structure of DNA double helix

11. Name the four bases and the base pairs in DNA

12. Discuss the bonding in the DNA molecule

13. Distinguish between coding and non coding structures

14. Define triplet base code

15. Outline the structure of RNA

16. Name the bases in RNA

17. Discuss the replication of DNA



	2.5.4 DNA Profiling


	18. Discuss the stages involved in DNA profiling

19. Define the process of DNA profiling

20. Give two uses of DNA profiling
21. Define and give the use genetic screening

	2.5.5 + 2.5.15.H  Protein Synthesis


	22. Know that genes control cell activities by producing proteins 

23. Know that DNA makes proteins

24. Know that DNA carries instructions as a code

25. Know that DNA and RNA bases work in groups of three

26. Understand that the DNA helix can unzip

27. Understand that TNA bases attach to the unzipped DNA

28. Know that the RNA strand formed in this way is mRNA

29. Know the function of a ribosome in protein synthesis

30. Understand the process of translation that leads to the formation of a new protein

31. Know that the shape of a protein determines its function

32. Outline the steps in protein synthesis 

33. Discuss the role of mRNA

34. Be familiar with complimentary bases in the formation of mRNA

35. Know that proteins are made in the ribosomes

36. Detail the process of transcription including the role of tRNA

37. Know that each protein folds into the correct shape




Genes are the basic unit of heredity.

A gene is a certain length of the chromosome, which contains a certain sequence of base pairs, which codes for a particular protein. 

The parts of the DNA that code for a particular protein are called exons.  DNA = deoxyribonucleic acid

Non-coding parts of the chromosome are called junk genes or interons.  Interons can be found within a gene and between genes.  It is this highly variable part that is used in DNA profiling.

Chromosomes are made up of DNA + protein, but genes are made up of DNA alone.

Structure of DNA (Watson & Crick)

DNA molecule consists of a double helix (like a spiral ladder).

It is made up of units called nucleotides.  A nucleotide consists of a nitrogenous base, joined to a 5-carbon sugar, joined to a phosphate. 

4 Bases = guanine(G), cytosine(C), adenine(A), thymine (T). Base pairs: G ≡ C, A ≈ T form the steps in the ladder. AG = purines and CT = pyrimidines.


DNA differs from RNA as follows:

	DNA
	RNA

	Double helix (strand)
	Single strand

	Sugar = deoxyribose
	Ribose

	Base = Thymine
	Uracil

	Location: In nucleus
	In nucleus and cytoplasm

	Longer in length
	Shorter

	Self-replicating
	Replicated from DNA


DNA replication

Occurs in the nucleus during interphase of mitosis and meiosis.

Energy (ATP) and the enzyme DNA polymerase are needed for DNA replication.

· The double helix opens - it untwists and unzips (hydrogen bonds broken by enzymes) prior to replication.

· Free nucleotides enter nucleus from cytoplasm.

· New nucleotides from a new chain. Each strand acts as a template to make the opposite strand from complementary nucleotides.

· Each new DNA molecule is (
· half new and half old, (b) identical to the original and each other.

· Each new piece of DNA rewinds to form a double helix.

Identical helices are formed i.e the original DNA molecule makes 2 exact replicas of itself.

Replication of DNA is necessary to pass on genetic code/information exactly from generation to generation.

DNA PROFILING (DNA fingerprinting)

DNA profiling is a method of making a unique pattern of bands from the DNA of a person, which is used to distinguish that DNA from other DNA.
· DNA is extracted from cells e.g. blood or semen by breaking up the cell membrane.  

· DNA amplification can be used if the quantity of DNA is low.  Increasing the quantity is done by a technique called the polymerase chain reaction (PCR).

· Restriction enzymes are used to cut the DNA wherever a specific base sequence occurs (mostly junk genes which are highly variable).  This base sequence occurs at a different set of positions in everyone. The sets vary in size (length) and number.

· Gel electrophoresis - the fragments are separated, using an electric current, along a piece of gel. The smaller the fragment the faster they travel along the gel.

· The DNA is then transferred onto a nylon membrane for ease of use. The fragments are made visible by attaching radioactive pieces of DNA to them that produce a bar-code-like design on an X-ray film.  

DNA profiles can be used to identify criminals from crime scenes or fathers in paternity cases.  

GENETIC SCREENING

DNA profiling can be used in genetic screening – to see if a person is carrying a genetic disorder.  A single gene is looked for to see if a person is carrying that gene that could be passed onto their offspring e.g. gene for cystic fibrosis.

Protein synthesis

Cell proteins (e.g. enzymes, and in cell membranes) are produced by the use of a template on which the amino acids are ‘lined-up’ in their correct sequence before being joined together by a common enzyme.

Transcription

· The template on which polypeptide molecules are assembled is messenger RNA (mRNA) and the transfer of genetic information from the nuclear DNA to the mRNA is known as transcription.

· mRNA, in a single strand, carries a copy of the genetic code.  RNA is complementary to the DNA.

· After synthesis each mRNA leaves the nucleus and travels into the cytoplasm where a ribosome binds to the start point.

Translation 

· A ribosome is a special decoding device ensuring that amino acids are assembled in the correct sequence according to the mRNA.

· Each group of 3 bases (codon) on the mRNA will code for one of the amino acids that make up a protein.  

· Two complimentary tRNAs attach to the mRNA in direct contact with the ribosome. Their two adjacent amino acids bond to each other. 

· The ribosome then moves to the next codon and the process is continued.

· At the end of the mRNA the ribosome detaches, as does the amino acid chain.

· The long chain now folds to form a protein.

rRNA

Each ribosome is half protein and half rRNA.  Some rRNAs are involved in the binding of the mRNA to the ribosome and some function as enzymes in linking each new amino acid to the chain of amino acids.

tRNA – in cytoplasm.

It has an anticodon – 3 bases at one end and a specific amino acid at the other end.

2.5.1
Variation of Species

2004 OL

3.
Indicate whether the following are true (T) or false (F) by drawing a circle around T or F.

Organisms of the same species can usually produce fertile offspring 

T
F
2007 OL

4.
Complete the following sentences by adding the missing word or symbols or number.

(a)
Genetics is the study of …..…………….…………………………………………………………

2009 OL

10.
(c)
(i)
What is meant by the term species?

2.5.1
Variation of Species

2004 HL

2.
The diagram shows the distribution of heights in a group of men between the ages of 18 and 23

[image: image1.emf]
What term is used by biologists to describe differences within a population with respect to features such as height? …………………….………...

2006 HL

12.
(a)
(i)
Explain the following terms as used in genetics: species, variation.

(ii)
Give one cause of genetic variation.





(9)
2009 HL

10.
(c)
(i)
Explain the term species.

(ii)
Within a species a considerable degree of variation is usually seen.

1. What is meant by variation?

2.5.2 – 2.5.3 Gene Expression

2004 OL

3.
Indicate whether the following are true (T) or false (F) by drawing a circle around T or F.


Chromosomes are made of DNA and lipid




 T
 F 

2007 OL

11.
(c)
(i) Explain briefly what is meant by a gene.

(ii) Where in the nucleus would you find genes?

2008 OL

11.
(a)
(i)
What is a chromosome?
2010 OL

4. 
Choose each term from the following list and place it in Column A to match a description from Column B. The first one has been completed as an example. 

Dominant      Gamete       Gene       Mutation       Genetics       Genotype 
	Column A 
	Column B 

	     Genetics 
	The study of biological inheritance 

	(iv) 
	A part of DNA with information to make one protein 


2010 OL 

11. 
(a) 
Many characteristics are passed on to children by their parents. 

(i) 
Give one example of an inherited human characteristic.  

(ii) 
Give one example of a non-inherited human characteristic. 

2.5.4
DNA Structure, Replication and Profiling

SEC Sample Paper OL

11.
(a)
(i)
What is meant by the term DNA profiling?

(ii)
State two uses of DNA profiling. 







(9)


(27)
2004 OL

3.
RNA is not found in ribosomes 





T
 F

2004 OL

12.
(c)
(i)
What is meant by DNA profiling?

(ii)
Describe briefly how DNA profiling is carried out.

(iii)
Give two uses of DNA profiling. 







(24)
2005 OL

13.
(b)
(i)
Name the four bases that are found in DNA.

(ii)
These bases form a triplet code. What is meant by a triplet code?

(iii)
The triplet code is transcribed into mRNA. What does this statement mean?

(iv)
To which structures in the cell does mRNA carry the code? 



(24)
2008 OL

5.
The diagram represents a part of a DNA molecule. A and C represent nitrogenous bases.

[image: image2.emf]
Complete the following in relation to DNA.

(a)
Name the nitrogenous bases whose first letters are A and C.

A _____________________________

C ________________________________

(b)
The structure labelled X is called a _________________________________________________

(c)
Where in the cell would you expect to find most DNA? ________________________________

(d)
DNA contains the instructions needed to make protein.

These instructions are called the _________________ code.
2009 OL

11.
(c)
(i)
What is meant by DNA profiling?

(ii)
In DNA profiling, what are used to cut DNA strands into fragments?

(iii)
On what basis are these fragments then separated?

(iv)
Give two applications (uses) of DNA profiling.

(v)
Name the plant from which you isolated DNA in your practical studies.

(vi)
For what precise purpose did you use freezer-cold ethanol (alcohol) in your isolation of DNA?

(24)

2010 OL

7. 
In one of your laboratory activities you isolated DNA from a plant tissue. 

 (ii) 
What is meant by DNA profiling? 

(b) 
(i) 
Give one reason why you first chopped the plant material into very small pieces. 

 (ii) 
Detergent and salt were added to the chopped plant material, which was then heated. 

Explain why the detergent was used. ______________________________________________ 

 (iii) 
How was this mixture heated? 

(iv) 
Why was this mixture heated? 

 (v) 
Later in the activity the mixture was blended for a maximum of 3 seconds. 

What would happen to the DNA if the mixture was blended for longer than 3 seconds?

 (vi) 
Protease was then added to the mixture. 

Why was protease added? 

 (vii) 
The mixture was then filtered. 

After filtration, where was the DNA of your plant tissue to be found? 

 (viii) 
What should you do next to make the DNA visible? 

2010 OL 

11. 
(c) 
The diagram shows a short section of a DNA molecule.
[image: image3.jpg]



(i) 
Name the bases numbered 1 and 2 in the diagram above. 

2.5.4 DNA Structure, Replication, Profiling & Nucleic Acid Structure

SEC Sample Paper HL

2.
Select the correct term from the following list to match each of the terms in column A and write it in

column B.

protein, enzyme, uracil, sap, ethanol, mutation, thymine, chlorophyll.

	A
	B

	DNA
	

	Ribosome
	

	RNA
	


2004 HL

13.
(a)
Copy the diagram into your answer book and then complete it to show the complementary base

pairs of the DNA molecule. Label all parts not already labelled. 




(9)

[image: image4.emf]
(b)
The genetic code incorporated into the DNA molecule finds its expression in part in the formation of protein. This formation requires the involvement of a number of RNA molecules. List these RNA molecules and briefly describe the role of each of them. 





(24)

2005 HL

8.
(b)
As part of your practical activities you extracted DNA from a plant tissue. Answer the following

questions in relation to this experiment.

(i)
What plant did you use? …………………………………………………………………..

(ii)
It is usual to chop the tissue and place it in a blender. Suggest a reason for this.

 (iii)
For how long should the blender be allowed to run? ……………………………….………...

 (iv)
Washing-up liquid is normally used in this experiment. What is its function?

 (v)
Sodium chloride (salt) is also used. Explain why. ………..……………………………………

 (vi)
What is a protease enzyme? ……………………………………………………………………

(vii)
Why is a protease enzyme used in this experiment? …………………………………………...

 (viii)
The final separation of the DNA involves the use of alcohol (ethanol). Under what condition is the alcohol used? …………………………………………………………………………….

2005 HL

10.
(b)
(iv)
What is meant by genetic screening?

(v)
Parents who are suspected of being carriers of disease-causing alleles may be advised to consider a genetic test. Suggest a role for such a test after in-vitro fertilisation.

2006 HL

7.
(b)
In the case of each of the following state:

1. An investigation in which you used it,

2. The precise purpose for its use in the investigation that you have indicated.

(iii) 
Cold alcohol (ethanol)

2007 HL

10.
(a)
(i)
The DNA molecule is composed of two strands held together by paired bases.

1. Which base can link only to thymine?

2. Which base can link only to cytosine?

(ii)
Name the type of bonding which occurs between members of a base pair. (9)

(b)
(i)
Explain what is meant by the term DNA profiling.

(ii)
Give a brief account of the stages involved in DNA profiling.

(iii)
Give two applications of DNA profiling.

(iv)
What is genetic screening? (27)

(c)
“The same amount of DNA is present in nuclei of cells taken from the liver, heart, pancreas and

muscle of a rat.”

(i)
Use your knowledge of DNA and mitosis to explain this statement.

(ii)
Name a cell produced by the rat which will contain a different amount of DNA in its nucleus to those mentioned above.

(iii)
Briefly outline how you isolated DNA from a plant tissue. (24)

2008 HL

14.
(b)
(i)
DNA is made of units called nucleotides. Draw a labelled diagram of a nucleotide to show

its three constituent parts.

(ii)
Which of the labelled parts in your diagram in (i) may vary from nucleotide to nucleotide?

(iii)
The genetic code is contained within the DNA of chromosomes. Briefly describe the nature of this code.

(iv)
What is meant by non-coding DNA?

(v)
Give one structural difference between DNA and RNA.
2010 HL

8. 
(b)
For which purpose did you use each of the following in the course of your practical studies? 

 (iii) 
1.
Washing-up liquid or other detergent while extracting DNA from plant tissue.

2. 
Freezer-cold ethanol while extracting DNA from plant tissue. 

2010 HL

10. 
Part (a) deals with DNA structure and replication. 

(a) 
(i) 
Name the base in DNA that pairs with cytosine. 

(ii) 
What are the two main events in the replication of DNA?




 (9) 

2.5.5 Protein Synthesis

2007 OL

4.
(d)
In order to make proteins, DNA is first transcribed as messenger ………………………………….

2007 OL

7.
(a)

(ii)
Where in a cell are enzymes produced? ………………………………………………

2010 OL

11. 
(c) 
The diagram shows a short section of a DNA molecule.
[image: image5.jpg]



 (ii) 
Protein synthesis involves both transcription and translation. 

Where in a cell does transcription occur?

(iii) 
What type of RNA is involved in transcription? 

(iv) 
In what organelle does translation occur?

(v) 
Name the small biomolecules that are joined together to make a protein.  

(vi) 
What must happen to the newly formed protein before it can begin to work? 







(24) 
2.5.5 + H.2.5.15 Protein Synthesis

SEC Sample Paper HL

11.

(c)
Answer the following in relation to protein synthesis.

(i)
Outline the main events of transcription.

(ii)
What is a triplet? State the role of a triplet.

(iii)
Describe the role of tRNA. 








(24)
2005

8.
(a)
Explain each of the following terms in relation to DNA.

(i)
Replication ……………………………………………………………………………………

 (ii)
Transcription …………………………………………………………………………………

2010 HL

10. 

Part (b) deals with protein synthesis. 

(b) 
(i) 
Explain the terms transcription and translation. 

(ii) 
In which structures in the cell does translation occur? 

(iii) 
How many bases in sequence make up a codon in mRNA? 

(iv) 
Each mRNA codon specifies one of three possible outcomes during protein synthesis. 

Name these three possible outcomes. 

(v) 
What does the letter ‘t’ stand for in tRNA? 

(vi) 
During translation one end of a tRNA molecule attaches to an mRNA codon. 

What is usually attached to the other end of the tRNA molecule? 


(27)
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