AM 05/II.02                                                                                     

MATRICULATION AND SECONDARY EDUCATION CERTIFICATE EXAMINATIONS BOARD

UNIVERSITY OF MALTA, MSIDA

MATRICULATION CERTIFICATE EXAMINATION

ADVANCED LEVEL

MAY SESSION 2002

	Subject Title
	BIOLOGY

	Paper No./Title
	Paper 2

	Date
	20th May 2002

	Time
	4.00 p.m. to 7.00 p.m.


Directions to Candidates

· Answer ALL questions in Section A, any TWO questions from Section B and ONE question from Section C.   Write all your answers in the separate booklet provided.

· If more than two questions from Section B are attempted, only the best two answers shall be taken into consideration.

· If more than one question from Section C is attempted, only the best answer shall be taken into consideration.

· The mark allocation is indicated at the end of each question.  Marks allocated to parts of questions are also indicated.

· You are reminded of the necessity for good English and orderly presentation in your answers.

· In calculations you are advised to show all the steps in your working, giving your answer at each stage.

· The use of electronic calculators is permitted.

SECTION A (Answer all questions in this section):

1. Read the extract below carefully and afterward, from the information given and from your knowledge of biology, answer the questions that follow.  The numerals in the left-hand margin are line numbers.

 Link Found Between Low Birth Weight And DNA From Mothers
Using a unique set of data collected over 30 years and six generations of captive-bred monkeys, researchers have found the first evidence that low birth weight is linked to a type of DNA only passed along by females. 

"This is why, when it comes to birth weight, we tend to be more like our mother than our father," said James Ha, a University of Washington research professor of psychology and lead author of a study published in the current issue of the American Journal of Primatology. The National Institutes of Health funded the research. 

"We definitely think that our findings will hold up when human data becomes available," he said. "Some people have suggested that birth weight in a number of species including humans is closer to the mother than the father. But there never has been adequate data to test a hypothesis of cytoplasmic DNA inheritance. Instead, human research has focused on environmental causes."

Ha said that there is more than one type of DNA, or deoxyribonucleic acid, the material in cells that carries the genetic code and transmits hereditary traits. 

"People tend to look at DNA as only being inside the nucleus of a cell. However, there also is DNA in the cytoplasm that surrounds the nucleus inside the cell membrane. Some of this DNA is found in mitochondria." 

Ha calculated that cytoplasmic DNA from mitochondria is responsible for 9 percent of the variability in birth weight, while traditional nuclear DNA accounted for an additional 42 percent of the variability. This suggests there may be a gene or genes that control birth weight.

We want to know why birth weight is a risk factor for other perhaps more critical things. One possibility is that there is a gene that affects birth weight, and the same gene controls IQ, retardation and memory difficulties. That gene has two effects, but we don't know if there is a direct or indirect connection. We believe there may be a genetic component in common, and if we can identify the genes and the mechanism we then can explore why children are at risk."

The study is based on data from six generations, extending out to fourth cousins, of pigtailed macaques (Macaca nemestrina), a type of Old World monkey, and includes the pedigrees of more than 12,000 animals.

Adapted from: University of Washington News Release.  25 April 2002

1.1 What is DNA?
	[one mark]


1.2 What are mitochondria?
	[one mark]


1.3 Suggest a possible origin for the DNA, separate from that in the main genome, in mitochondria and other organelles (lines 20-21).
	[two marks]


1.4 Why is mitochondrial DNA only transmitted through a maternal line? (line 3).
	[two marks]


1.5 Cytoplasmic DNA and nuclear DNA account for 51% of variability in birth weight (lines 23-26).  What other factors may determine the remaining 49% of variability? 

	[two marks]


1.6 Based on your knowledge of human abilities and characteristics, would you conclude that the use of the term “a gene”, in lines 29-30, is literal or loose?  In other words, is it a single gene that controls all of these characteristics or would a complex of genes be a more likely scenario?  Give reasons for your answer.
	[three marks]


1.7 The study is based on non-human subjects (line 2; lines 35-37).  Can the results be extrapolated to permit treatment of analogous conditions in humans?
	[two marks]


1.8 Why should researchers be interested in the incidence of low birth weight?  Can’t an improved diet make up for that deficiency later on in life?
	[two marks]


1.9 One key issue in this study is the definition of “low birth weight”. How would you determine which birth weights are “low” and which are within “normal” limits?
	[three marks]


1.10 Why did the researchers use such a large sample size (lines 35-37) in their study?

	[two marks]

[Total: twenty marks]


2. Temporary freshwater rockpools form in small rocky hollows in karstic terrain.  These pools are flooded with rainwater in September/October and retain water, more or less intermittently, up to April.  

Each pool is characterised by a layer of bottom sediment, usually no more than a few centimetres deep, which is colonised by plants during the wet season.  The pools are generally dry from May to August during which time the bottom sediment is also dry and characterised by desiccation cracks.    The dominant plants in such habitats during the wet season are hydrophytes (aquatic plants) with compressed life-cycles.  They germinate in late November or early December and subsequently grow, flower and fruit by March or April.  

When the pools dry out, all aquatic vegetation disappears.  Nevertheless, the plants would still be represented by seeds in the sediment seedbank. Seeds of these plants are generally small, in the order of 1mm or less across, and have very low dispersability.  

A researcher is investigating seasonal changes in the seedbank of temporary freshwater rockpools by extracting cylindrical cores from the bottom sediment.  Each core was subdivided into a number of segments, each 1cm in thickness.  The top 1cm of sediment (that exposed at the surface) was labelled as the “0-1cm” depth stratum, the one below it as the “1-2cm” depth stratum.  The pattern was repeated with all segments such that the sediment recovered from the lowest parts of the sediment was labelled as the “7-8cm” depth stratum.  The investigator extracted hydrophyte seeds from each sediment sample and recorded the results in graphical form.  

The exercise was carried out four times: in early November 1998, February 1999, May 1999 and August 1999.  The results are recorded in Figures 1-4.  Examine the results and answer the questions that follow:

2.1 What is germination?

	[one mark]


2.2 Name TWO environmental cues may be necessary for a seed to germinate.

	[one mark]


2.3 What is a compressed life-cycle?

	[one mark]


2.4 What general pattern is evident in the data?

	[two marks]


2.5 Suggest a reason for the decrease in number of seeds in the 0-1cm and 1-2cm depth strata between early November 1998 and February 1999.

	[two marks]


2.6 Suggest a reason for the increase in number of seeds in the 0-1cm depth stratum between February 1999 and May 1999. 

	[two marks]


2.7 Suggest a reason for the decrease in the number of seeds in the 0-1cm depth stratum between May 1999 and August 1999. 

	[two marks]


2.8 Suggest a reason for the increase in the number of seeds in the 7-8cm depth stratum between May 1999 and August 1999. 

	[two marks]


2.9 Why are seasonal changes in seed abundance greatest in the 0-1cm sediment stratum?

	[two marks]


2.10 What do these results suggest regarding the impact of seed burial on germination of seeds? 

	[two marks]


2.11 Why are the seeds of rockpool plants characterised by low dispersability? 

	[two marks]


2.12 During the wet phase, these pools are also colonised by small aquatic invertebrates including crustaceans and insects.  How may these animals survive the dry season?

	[one mark]

[Total: twenty marks]
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Figure 1: Standardised mean number of seeds at different depth strata in early November 1998.
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Figure 2: Standardised mean number of seeds at different depth strata in February 1999.
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Figure 3: Standardised mean number of seeds at different depth strata in May 1999.
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Figure 4: Standardised mean number of seeds at different depth strata in August 1999.
SECTION B
(Answer any two questions from this section; your answers should take the form of essays.  Each question carries twenty marks).
3. Photosynthesis and respiration are two fundamental biological processes. Compare and contrast these two processes.

4. Give an outline of techniques used in the study of cell structure.

5. Write an account about protein synthesis in eukaryotic cells.

6. Biological diversity is the variety of life in all its forms, levels and combinations.  Discuss.

SECTION C
(Answer ONE question from this section).
7. Write brief notes on each of the following:

7.1 The Cnidaria

7.2 The Platyhelminthes

7.3 The Annelida

7.4 The Mollusca

7.5 The Echinodermata

	[four marks each]

[Total: twenty marks]


8. Use your knowledge of biological processes to explore the following scenarios:

8.1 What would the atmosphere of the Earth be like if photosynthetic organisms had not evolved?

8.2 What would the atmosphere of the Earth be like if denitrifying bacteria had not evolved?

8.3 What form would life on Earth have taken if DNA repair mechanisms were flawless?

8.4 What form would life on Earth have taken if sexual reproduction had not evolved?

8.5 What general impact on life would increasing levels of ultraviolet radiation (caused by depletion of stratospheric ozone) be expected to exert?  Avoid discussions of predicted effects on individual species.

	[four marks each]

[Total: twenty marks]








