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A-level 

UACE biology 2007 paper 2 

SECTION A 

1.Two groups of maize seeds were germinated and grown in different culture solutions. Group A were 

provided with a complete nutrient solution while group B were provided with a solution lacking 

magnesium. An extract of photosynthetic pigments was made from leaves of each group of seedlings 

at the end of three weeks. Figure 1 is the absorption spectra obtained from the extracts. 

 

In another experience, six identical shoots of pond weed were placed in separate test tubes of pond 

water in which a dilute solution of sodium hydrogen carbonate had been added. Each test tube was 

then exposed to light which had passed through a different coloured filter. The light in all cases was 

from a 40-watt bulb, placed 40cm from the test tube. The time taken for 20 bubbles to leave the cut 

end of each shoot was recorded three times and the average results are recorded in table 1. 
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Colour of filter Average time taken to release 

20 bubbles in seconds 

Number of bubbles released 

per minute 

Violet 58  

Blue 40  

Blue-green 62  

Green 132  

Yellow 96  

Orange-red 70  

Use the information to answer the questions that follow; 

(a) Compare the light absorption by extract from Group A and from Group B across the light 

spectrum.         (08 marks) 

(b) Explain the light absorption across the light spectrum for each extract  (09 marks) 

(c) How does a coloured filter affect light passing through it?   (01 marks) 

(d) i. copy and complete table 1, by calculating the number of bubbles released by each shoot per 

minute.          (03 marks) 

ii. plot a graph to show the relationship between the colour of the filter and the rate at which 

bubbles re-released.        (06 marks) 

(e) (i) compare your graph with that In figure 1, and state the relationship between the two  

(ii) What conclusion can you draw from the relationship?  

(f) State what would be observed if the distance between the bulb and the test tubes was gradually 

reduced. Explain your answer.  

(g) Explain why  
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(i) The type of bulb and the distance of the from the test tubes were constant. 

(ii) A dilute solution of sodium hydrogen carbonate was added to pond water in the test tubes.  

(iii) There were three measurements made on each shoot rather than a single one.  

(iv) Measuring the rate of photosynthesis by counting bubbles is not accurate method  

Solution (a)  

 Light absorption by extracts from both groups A and B is greater in blue, green and red light 

and least in yellow light across the spectrum.  

 Across the spectrum, light absorption by extract from group A is greater than that from group 

B  

 For extract from group A the order of absorption is blue > green > orange >> yellow while 

for extract from group B, the order of absorption is green > blue > red > orange > yellow.  

(b) Extract from group A  

 Chlorophyll molecules in extract from the group A are well formed because of the adequate 

amount of nutrients (including magnesium) and therefore capable of absorbing enough light 

energy for photosynthesis. Being a green molecule, chlorophyll absorb most of the other 

colours of the spectrum but reflects green and yellow.  

Extract from group B  

 Extract from group B has inadequate amount of magnesium so that chlorophyll molecules 

formed are incomplete. Such molecules are less efficient in absorbing light energy for 

photosynthesis. The photosynthetic pigment formed is yellowish and has a poor absorption 

capacity for the colour of the light spectrum compared with the green pigment of the extract 

from group A. however it absorbs other colours of the spectrum better than yellow which is 

reflected. 

(c) a light filter usually light of wavelength different from its own and reflects light of its own 

wavelength. 
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(d) (i) note 

In it’s a shoot release 20 bubble 

In 
𝑡

60
 min a shoot releases 20 bubbles. 

In 1 min a shoot releases 20÷
𝑡

60
 bubbles. 

20×60

𝑡
 for a violet filter, for example 

No. of bubbles released per minute=
20×60

58
= 20.7 ≈ 21 

The other values in the table can be determined in the same way, 

Colour of filter Average time taken to release 

20 bubble in seconds 

Number of bubbles released 

per minute 

Violet 

Blue 

Blue-green 

Green 

Yellow 

Orange red 

58 

40 

62 

132 

96 

70 

21 

30 

19 

9 

13 

17 
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(e) (i) In both graphs, the absorption of light is higher in the violet-blue and orange ranges and 

minimum in the green-yellow-range of the light spectrum. 

Relationship 

- Violet-blue and orange-red ranges of the spectrum favor the process being investigated better 

than the other colors. 

- Chlorophyll absorbs light well in the violet and orange red regions of the spectrum which energy 

is used in photosynthesis. 

(f) The number of bubbles produced per minute would increase and then reach a maximum and 

become constant rate. 

(g) (i) to maintain a constant temperature and light intensity received by the test tube. 

(ii)To produce carbon dioxide that is used by the plants during photosynthesis. 
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(iii) Growth of a leaf is not uniform in all dimensions. Therefore, measurement of growth by leaf 

length would give inaccurate results but an average is quite more representative of overall growth. 

Bubbles represent oxygen produced as a bi-product of the process. Since some of the oxygen 

produced is used up in respiration, the bubbles are not a clear representation of the actual rate of 

oxygen production 

Section B 

2. (a) What is meant by negative feedback in body processes? 

(b) Describe how each of the following affects the metabolism of carbohydrate 

(i) Insulin 

(ii) Adrenaline 

(c). Describe how hormones from the ovary and pituitary gland interact to control the human 

menstrual cycle. 

(a) Negative feedback is a mechanism of homeostasis in which a change in the quantity of a 

homeostatically controlled parameter from the norm sets up physiological processes that cause a 

change in the quantity of the parameter in opposite direction to return it to normal. 

(b) (i) effects of insulin 

- it increases the rate of uptake of glucose by muscle and fat cells through a number of glucose 

channels in the cell surface membrane. 

- Insulin increases the utilization of glucose by the cells in the process of respiration. 

Insulin increases the rate at which glucose is converted to glycogen in the liver and muscle cells 

(glycogenesis). 

Insulin inhibits the formation of glucose from non-carbohydrates sources in the liver 

(gluconeogenesis) and also inhibits the process of glycolysis. 
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(ii) Effects of adrenaline 

- It increases the rate of conversation of glycogen to glucose. This increases the blood sugar 

content. 

- It increases the rate of production of glucose from non-carbohydrate sources in the liver. 

- It increases the rate of utilization in the muscle cells in the process of respiration. 

(c). in this question, you are meant to identify the hormones produced by the ovary and pituitary 

gland during the menstrual cycle and illustrate how they interact to bring about the events of the 

menstrual cycle. 

Hormones produced by the ovary include progeserone and oestrogen while the pituitary gland 

produces luteinizing hormones (LH) and follicle stimulating hormone (FSH) which interact as 

shown to control events of the menstrual cycle. 

During the early menstrual phase, levels of oestrogen and progesterone fall. This induces the 

pituitary gland to secrete FSH and LH. 

Increased levels of FSH stimulate one or more Graafian follicles to start growing. It also 

stimulates follicle cells to secrete oestrogen. The levels of oestrogen in blood increase gradually 

for a few days and reaches the peak on the 12th day of the cycle. High oestrongen concentration 

inhibits FSH secretion which induces increased production of LH within 12hrs. 

The high LH causes ovulation with subsequent formation of corpus luteum. 

During the post ovulatory phase, corpus luteum secretes progesterone. Progesterone acts on the 

uterine wall to promote cellular proliferation in preparation for implantation and also maintains 

corpus luteum. 

High levels of progesterone and oestrogen inhibit the secretion of LH and FSH. 

If fertilization occurs, the corpus luteum degenerates. Progesterone level reduces markedly and 

the uterine wall is shed in menstruation. This initiates events of the next cycle (i.e this is day 1 of 

the next cycle). 

(b) Explain how the epithelial is adapted for its functions. 
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Solutions 

In this question you should point out the structural modifications of epithelial tissue to suit the 

different functions. 

 Epithelial tissue serve to protect underlying tissue from mechanical injury, desiccation in and 

chemical injury 

 It has compacts cells with tight junctions to form an impervious barrier. It also made in several 

layers of cells impregnated with keratin in some parts of the body (skin) to enhance strength 

of cover. 

 Epithelium lining the gut serves both as a secretory and an absorptive surface. 

 As an absorptive surface, it has numerous villi to increase surface area for absorption. As a 

secretory surface, it consists of several columnar cells laden with secretary substances such as 

mucus and digestive enzymes from cells lining glandular pits. 

 The epithelial lining the uriniferous tubules in the kidneys, genital tract and respiratory air 

ways are covered with cilia which help in excretion, conduction of gametes and fluid and 

mucus respectively. 

 The epithelial tissue is modified in several areas into exoskeletal structures such as nails, 

scales, hairs, feather, claws, hooks, etc. 

 Epithelial lining is alveolus in the lungs is adapted for gaseous exchange in forming a single 

layer of thin cells in association with a rich capillary network. 

 Epithelial cells provide pigmentation to the body for example the human ski has melanoctyes 

that produce melanin and gives the skin its color. 

 Some epithelial tissues make in-folding into the underlying surface to from channels conducts 

through which they secret their substances as glands. 

 Transitional epithelium found in the renal pelvis, ureter, urinary bladder and parts of the 

urethra has a few layers of less flattened cells which are mobile over one another to help in 

distention of these organs. 

4 (a) describe the structure of guard cells in a plant leaf 

(b) Explain how stomatal opening occurs according to 

(i) starch     sugar interconversion 
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(ii) photosynthetic theory 

Solution 

(a) Guard cells are sausage-shaped cells lying side-by-side in the leaf epidermis. The space between 

them is called the stoma and is kept closed or open by the orientation of these cells, depending on 

their turgidity. 

 They have a sap vacuole and contain chloroplasts. 

 The inner wall is thicker and less elastic than the outer wall. 

(b) Rise in pH in the gland cells during day leads to conversion of starch to sugar in the guard cells. 

This increases the osmotic potential of the cell sap. As a result the guard cells absorb water from 

the neighboring cells by osmosis and become turgid. The thick, inelastic inner walls make them to 

bend outwards, leaving the pore open. 

(ii)During day, there is formation of sugar by photosynthesis in the guard cells. This increases the 

osmotic potential of their cell sap. As a result the guard cells absorb water from the neighbouring 

cells by osmosis and become turgid. 

The thick, inelastic inner walls make them bend outwards, leaving the pore open. 

5. (a). Outline the functions of a cell nucleus. 

 (b) Describe the changes that occur I a nucleus meiosis 

(c) Explain the significance of mitosis and meiosis in organisms. 

Solution 

(a) The nucleus contains the DNA 

 It controls the process of the cell division. 

 It controls all the metabolic activities of the cell by controlling the synthesis of the enzyme 

required (protein synthesis) 

 The nucleus manufactures ribosomes. 

(b) This question requires that you point out what happens in the nucleus in all stages of meiosis. 

That is identify the stage of meiosis in a chronological order and state what happens in the 

nucleus at each stage. 
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Interphase 

DNA replication occurs. 

Prophase 1 

 Chromosomes condense and become visible. 

 Homologous chromosomes pair up. 

 Chromatids of homologous chromosomes crossover at chiatsmata. This produces gene 

recombination. 

 The nucleus fades. 

Metaphase 1 

Nuclear envelop breaks down and disappears. 

Microtubules of the spindle attach to the centromere and the pairs of homologous chromosomes move 

to the equator. 

Anaphase 1 

Homologous chromosomes part company. One of a pair of homologous chromosomes is pulled to 

opposite pole by the micro tubules of the spindle attached to their centromeres. 

Telophase 1 

 Chromosomes separate into two different cells. 

 Chromosomes disappear and the nuclear membrane reforms in either cell. 

Prophase II 

Chromosomes condense. 

Metaphase II 

Nuclear envelops breaks down and disappear. 

Chromosomes move to the equator 
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Aanpahse II 

Chromatids separate. 

Telophase 

Sister chromatids now called chromosomes condense. 

Nuclear envelope appears and the cells divided leading to formation of four daughter cells. 

(c) Significance of meiosis 

- It helps to maintain the diploid condition in sexually reproducing organisms. Meiosis results in 

formation of haploid (n) gametes which fuse during fertilization to form a diploid (2n) zygote, 

restoring the diploid condition. 

- It leads to genetic variation in the offspring of sexually reproducing organisms. This occurs as a 

result of independent assortment and crossing over during meiosis I. 

Significance of meiosis. 

- Growth in multicellular organisms occur by meiosis. Cells within multicellular orgainsms divide 

mitotically thereby increasing in number. This leads to increase in size (growth) of the organisms. 

- Repair and replacement of worn out cells occur by mitosis. This is possible because mitosis 

producers daughter cells which are identical to the parent cell. 

Others 

- A sexual reproduction is unicellular organisms like amoeba occurs by mitosis. This is possible 

because mitosis ensures that the daughter cells are identical to the parent cell. 

- Regeneration of body parts, such as whole legs in organisms like crustaceans occur by a process 

which involves mitosis. 

6. (a) Explain the meaning of the following 

(i) Genetic isolation 

(ii) Reproductive isolation 

(b) Explain how the gene frequency of a population may be altered. 
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Solution 

(a) (i) Genetic isolation occurs when mating can occur but fertilization is not possible and/or even 

when it occurs, the product is a sterile or inferior offspring. This is due to incompatible genetic 

constitution between organisms of a population. 

(ii) Reproductive isolation involves failure of interbreeding among organisms of  population. 

This may be as a result of lack of attractiveness between males and females or non-

correspondence of genitals. 

(b) Change in gene frequency of a population occurs when; 

 There is non-random breeding. In such cases sexual selection occurs whenever the presence 

of one or more inherited characteristics increases the likelihood of bringing about successful 

fertilization of gametes. As a result, the frequency of some genes increases while that of others 

reduces in the population. 

 The population is small and leads to genetic drift. There is usually chance appearance or 

disappearance of genes in a small population, leading to change in frequency of the gene in 

question. 

 Genotypes are not equally fertile. In this case, the more advantageous (fertile) alleles are 

transferred to offspring at the expense of other alleles. This leads to change in frequency of 

such genes. 

 Gene flow occurs between populations. Interbreeding between populations always leads to 

flow of genes within the populations involved. This causes instability in the gene frequency 

of the populations. 

 Mutations occur. Occurrence of a mutant gene in the population can lead to change in 

frequency of the gene over generations. 

Gene reshuffling occurs. During meiosis, crossing over occurs that results in new gene 

recombination. At fertilization, these altered alleles are transmitted to offspring and over 

generations, the allele frequency of a gene changes. 


