Important Points to take note for Biology

1. Cell structure and organization
Making drawings

- When doing any drawings of cells, make sure label lines are drawn using ruler.

- No intercepting of label lines.

- Make sure no overlapping of lines when doing drawings. Lines must be clean.

- Parts of a cell must be drawn in proportion of size to each other.

- No shading of any parts allowed.

Specialised cells

- Take note of key words when describing structures and know how the structure relates to function.

Root hair cell
- Long and narrow shape.

- Increase surface area to volume ratio; faster diffusion of water and mineral salts into root hair cell.

- Maintains low water potential in cell sap.

- Allows net movement of water into root hair cell by osmosis.

Xylem

- Long narrow and hollow tubes.

- Without protoplasm and cross-walls.

- Allows water and mineral salts to pass through without obstruction. 

- Lignified walls.

- Strengthen walls and provide mechanical support for plant.

Red blood cell

- Circular biconcave shape.

- Increase surface area to volume ratio.

- Faster diffusion of oxygen into and out of cell.

- Haemoglobin.

- To bind to oxygen and carry oxygen.

- No nucleus.

- Can contain more haemoglobin.

- To carry more oxygen.

- Flexible elastic shape.

- Can change shape to squeeze through narrow capillaries to deliver oxygen to tissues.

2. Movement of substances
- When describing diffusion, osmosis and active transport questions, make sure the following format is followed.

Step one: Describe which region has higher concentration/ water potential than which region.

Step two: Describe how substances/ water molecules move from which region to which region via which process (diffusion/ osmosis/ active transport).

Step three: Describe the final state/ appearance of cell or tissue (e.g. turgid/ flaccid/ plasmolysed plant cell or shrink/ crenated/ burst animal cell).

3. Biological molecules
- Take note the results of various food tests and what they test for.

- Benedict’s test for reducing sugars.

- No reducing sugars is blue. Little amount of reducing sugars is green. Moderate amount of reducing sugars is yellow or orange. Large amount of reducing sugars is brick red precipitate formed.

- Note that sucrose is not reducing sugars.

- Iodine test for starch.

- No starch is brown colour.

- Starch present is blue-black colour.

- Biuret test for proteins.

- No proteins is blue colour.

- Proteins present is violet colour.

- Ethanol-emulsion test for fats.

- No fats is colourless solution.

- Fats present is white emulsion formed.

- Take note that starch is large energy storage molecule in plants while glycogen is large energy storage molecule in animals (found in liver of man etc.).

- Take note functions of the different biological molecules.

- Carbohydrates is for energy.

- Fats is for energy and heat insulation.

- Proteins is for growth and repair of worn-out cells and tissues.

- Water is used for transport of various substances in animals (dissolved food substances and waste such as urea in blood) and plants (to carry dissolved mineral salts), heat regulation (water evaporates as sweat from skin in animals and transpiration in leaves help to cool down temperature), chemical reactions (water is needed in cytoplasm for enzymatic reactions to take place) and maintaining structure (maintain turgidity of plant cells to make plant upright).
- Take note the elements that make up the biological molecules.
- C, H, O for carbohydrates and fats.

- C, H, O, S, N for proteins.

4. Enzymes
- Take note definition of enzyme.

- Enzymes are biological catalysts made of proteins which speed up rate of chemical reactions and are chemically unchanged at end of reactions.

- Take note of lock-and-key hypothesis.

- Enzyme is lock. Substrate is key.

- Enzyme action is specific as each enzyme only allows a particular substrate to enter it’s active site (e.g. amylase can only breakdown starch). 

- Take note explanation for how temperature and pH affect enzyme activity (watch for keywords in your explanation).

Temperature affecting enzyme activity

- At low temperatures, enzyme is inactive.

- As temperature increases, enzyme and substrate molecules gain kinetic energy and move faster, resulting in more effective collisions forming more enzyme-substrate complexes per unit time.

- At optimum temperature, enzyme activity is highest as highest rate of formation of enzyme-substrate complexes and products formed.

- As temperature increases beyond optimum, enzyme is denatured.

- Enzyme lost the three-dimensional shape of its active site.

- No substrate can enter active site of denatured enzyme.

- No enzyme-substrate complexes formed.

- Enzyme activity decreases significantly.

pH affecting enzyme activity
- At optimum pH, enzyme activity is highest as highest rate of formation of enzyme-substrate complexes and products formed.

- At extremes of pH below and above optimum, enzyme is denatured.
- This is because of H+ or OH- ions in solution disrupting bonds in enzyme which holds the enzyme in its three-dimensional shape.

- Enzyme lost three-dimensional shape of active site.

- No substrate can enter active site of denatured enzyme and no enzyme-substrate complexes formed.

- Enzyme activity decreases significantly.

5. Nutrition in human 
- Take note how to describe the sequence of digestion of food as it passes through alimentary canal.

Mouth
- Chewing action of mouth cuts food into smaller pieces increasing surface area for faster digestion.

- Salivary amylase in saliva digest starch into maltose.

- Tongue rolls food into bolus for swallowing into oseophagus.

Oesophagus
- Rythmic contractions and relaxations of wall of oesophagus helps to move food downwards to stomach.
- This process is peristalsis.

- While circular muscles are contracting, longitudinal muscles are relaxing and vice versa.

Stomach
- Churning action of stomach mixes food with gastric juice and also breaks up food into smaller pieces.

- Prorennin is activated to rennin with presence of hydrochloric acid.

- Rennin helps to convert soluble milk proteins (caesinogen) into insoluble milk proteins (caesin).

- Pepsinogen is activated to pepsin with presence of hydrochloric acid.

- Pepsin digest proteins into polypeptides.

Small intestine

- Pancreatic juice is secreted from pancreas into duodenum.

- Pancreatic juice contains pancreatic amylase, pancreatic lipase and trypsinogen.

- Pancreatic amylase digests starch into maltose.

- Pancreatic lipase digests fats to fatty acids and glycerol.

- Bile is produced by liver.

- Bile is stored in gall bladder.

- Bile is released into duodenum to emulsify fats.

- Fats is broken up from large droplets into small droplets by bile.

- This increases surface area to volume ratio to speed up digestion of fats by pancreatic lipase.

- Trypsinogen is activated to trypsin by enterokinase secreted by intestinal gland cells.

- Trypsin digests proteins into polypeptides.

- Maltase and erepsin are secreted by intestinal gland cells.

- Maltase digests maltose into glucose.

- Erepsin digests polypeptides into amino acids.

- Digested food molecules are absorbed into villi by diffusion and active transport.

- Large surface area of small intestine is possible because of many infoldings of inner wall of small intestine with many villi and microvilli present.
- Glucose and amino acids are absorbed into capillaries inside villi.

- Fats are absorbed into lacteal inside villi.

Large intestine
- Water and mineral salts are reabsorbed from undigested food.

- Undigested food is stored in rectum as faeces.

- Faeces pass out through anus. Process is egestion.

Functions of liver

- Take note functions of liver.
- Carbohydrate metabolism. Fats metabolism. Proteins metabolism. Breakdown of haemoglobin and storage of iron. Detoxification.

Carbohydrate metabolism 
- Excess glucose which passes through hepatic portal vein from small intestine to liver is converted to glycogen.

- This conversion is stimulated by insulin secreted by islets of Langerhans of pancreas.

- If blood glucose level is lower than normal, glucagon is secreted by islets of Langerhans of pancreas to stimulate liver to convert glycogen to glucose.

Fats metabolism

- Liver produces bile.

- Bile is stored in gall bladder.

- Bile is released into duodenum to emulsify fats to speed up digestion of fats (see earlier digestion of food notes for further description of emulsification process). 

Proteins metabolism
- Excess amino acids that pass through hepatic portal vein from small intestine to liver is deaminated.

- Amino group of excess amino acids are converted to ammonia.

- Ammonia is further converted into urea to be excreted by kidneys in urine.

- Carbon residue of amino acids is converted to glucose which is further converted to glycogen to be stored in liver for future use.

- Liver also helps to make proteins such as soluble fibrinogen.

Breakdown of haemoglobin and storage of iron

- Worn-out red blood cells are removed by spleen.

- Haemoglobin from worn-out red blood cells are broken down by liver.

- Iron from breakdown of haemoglobin can be stored in liver.

- Broken down haemoglobin forms bile pigments.

Detoxification
- Liver helps to breakdown harmful substances into less harmful forms.

- An example is the breakdown of toxic alcohol into less harmful substances.

- However, overconsumption of alcohol causes liver to overwork and damages liver cells.
- Liver tissues die and become replaced by harden fibrous tissues.

- This condition is called liver cirrhosis.

6. Nutrition in plants
- Take note of word and chemical equations of photosynthesis.
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-      6CO2 + 12 H2O                 C6H12O6 + 6H2O + 6O2
Light dependent and light independent stages
- Light dependent and light independent stages of photosynthesis are not that important. If you still want to know more just in case, see below brief points.

-  In light dependent stage, water molecules are split by light into hydrogen and oxygen. This is called photolysis of water.

- Light energy is also converted to chemical energy.

- In light independent stage, hydrogen from light dependent stage is used to reduce carbon dioxide to form glucose and water.
- The chemical energy needed for formation of glucose comes from light dependent stage.

Cross-section of leaf (structure and functions)

- Take note the structure of cross-section of leaf showing parts cuticle, upper epidermis, palisade mesophyll, spongy mesophyll, lower epidermis, intercellular air spaces, xylem, phloem, guard cells and stomata.

- Take note functions of each part of leaf.

- An important thing is regarding only palisade mesophyll cells, spongy mesophyll cells and guard cells having chloroplasts to carry out photosynthesis.

- Palisade mesophyll cells have the largest number of chloroplasts, thus greatest amount of photosynthesis take place here since palisade mesophyll layer is nearer upper surface of leaf to absorb most sunlight.

- Take note intercellular air spaces allow carbon dioxide to diffuse through it and reach all mesophyll cells faster and more efficiently.

Guard cells control opening and closing of stoma

- Take note how guard cells control opening and closing of stoma.

- Day time, guard cells absorb light and carry out photosynthesis and produce glucose.

- Active transport of K+ ions into guard cells.

- All these lower water potential in guard cells and water moves into guard cells by osmosis from surrounding epidermal cells.

- Guard cells become turgid and stoma opens.

- Night time no light.

- No glucose produced. 

- No active transport of K+ into guard cells.

- Water potential in guard cells higher than surrounding epidermal cells.
- Water moves out of guard cells by osmosis.

- Guard cells become flaccid and stoma closes.

Factors affecting photosynthesis

- Take note various factors that affect phtotosynthesis (light intensity, concentration of carbon dioxide and temperature).

- Take note experiments that test how the factors affect photosynthesis.

- Experiments include covering up parts of leaf thus no light reaching covered parts. 

- Other experiments include using variegated leaf (green part contains chlorophyll while non-green part no chlorophyll).

- Other experiments include using soda lime and calcium hydroxide, sodium hydroxide to absorb carbon dioxide and thus no carbon dioxide present for plant to carry out photosynthesis.

- Another experiment is on using different concentrations of sodium hydrogen carbonate in water so as to provide different concentrations of carbon dioxide to water plants.

Limiting factor 

- Take note how to interpret graphs showing limiting factor.

- When the graph is going upwards due to increase of the factor (e.g. light intensity), light intensity is limiting factor over that part of graph.

- When graph reaches a maximum horizontal plateau, light intensity is no longer limiting factor over the part which is the plateau. Instead, other factors are limiting the rate of photosynthesis.

7. Transport in Human
Double circulation
- Take note importance of double circulation in human.

- Pulmonary circulation involves blood circulating between lungs and heart.

- Systemic circulation involves blood circulating between rest of body and heart.

- Pulmonary circulation involves blood moving at lower pressure and speed to allow time for gaseous exchange to take place in lungs.

- Systemic circulation involves blood moving at higher pressure and speed to reach all parts of body faster.

- Oxygenated blood is prevented from mixing with deoxygenated blood thus ensuring only deoxygenated blood moves to lungs and oxygenated blood moving to rest of body.

- Take note various components of blood and their functions.
- Red blood cells contain haemoglobin to carry oxygen.

White blood cells

- White blood cells (lymphocytes and phagocytes).

- Phagocytes carry out phagocytosis by engulfing and releasing enzymes to digest harmful bacteria thus destroying them.

- Lymphocytes produce antibodies.

- Antibodies help to neutralize toxin produced by harmful bacteria.

- Antibodies help to cause harmful bacteria to agglutinate thus allowing phagocytes to easily engulf and destroy them.

- Antibodies cause pores to form on harmful bacterial membrane thus causing contents of bacteria to leak out and bacteria die.

Platelets

- Platelets help in blood clotting.

- When there is damaged tissues, platelets release thrombokinase.

- Thrombokinase in presence of calcium ions converts prothrombin to thrombin.

- Thrombin converts soluble firbrinogen to insoluble fibrin threads.

- Fibrin threads form a mesh covering up the damaged wound trapping red blood cells and forms a blood clot.

Arteries, veins and capillaries

- Take note comparison of differences between the blood vessels.
- Arteries have thickest and most muscular wall to withstand high pressure of blood leaving heart.

- Capillaries have the thinnest one cell thick wall to allow faster diffusion and exchange of substances across it between blood in capillaries and surrounding body cells.

- Veins have valves but not other blood vessels to prevent backflow of blood since blood moving through veins have lowest pressure and tendency for backflow.

- Veins have largest lumen to allow blood to move through easily to travel back to heart.

- Capillaries form a network to increase surface area for faster exchange of substances between bloodstream and body cells.

ABO blood types

- Take note A blood cells have A antigens and b antibodies.
- B blood cells have B antigens and a antibodies.

- AB blood cells have A and B antigens and no antibodies.

- O blood cells have no antigens but have a and b antibodies.

- If donor blood cells have antigens that match antibodies of recipient, then an immune response happens.

- Agglutination of donor blood cells take place.

- Agglutinated blood cells and block blood vessels preventing blood flow to affected tissues and organs. Affected tissues and organs may die from lack of oxygen and nutrients. 

- For example, A blood type is donated to B blood type. Antigen A on A blood cells is recognized by a antibodies in B blood. Immune reaction takes place and agglutination of A blood cells (donor blood cells) occurs.
Cardiac cycle

- Take note description for cardiac cycle paying attention to names of blood vessels connecting to heart, various valves and chambers of heart.

- Deoxygenated blood from rest of body moves through vena cavae into right atrium.

- Oxygenated blood from lungs moves through pulmonary veins into left atrium.

- Contraction of both atria results in atria systole pumping blood into both ventricles.

- As blood is pumped into ventricles, tricuspid and bicuspid valves are opened.

- After atria has contracted, they relax resulting in atria diastole.

- Next, both left and right ventricles contract resulting in ventricular systole.

- Pressure in both ventricles become higher than atria causing the tricuspid and bicuspid valves to close.

- This prevents backflow of blood into atria.

- Deoxygenated blood is pumped through pulmonary arteries into lungs while oxygenated blood is pumped through aorta to rest of body.

- As blood moves through the pulmonary arteries and aorta, the semilunar valves are opened.

- Ventricles then relax resulting in ventricular diastole.

- Pressure of blood in pulmonary arteries and aorta become higher than ventricles causing semilunar valves to close.

- This prevents backflow of blood to ventricles.

- The cardiac cycle is completed and will repeat again continually.

Left ventricle wall thicker than right ventricle wall

- Take note left ventricle wall is thicker and more muscular than right ventricle wall.

- This is because left ventricle wall need to produce a larger force to pump oxygenated blood at higher pressure and speed to reach all parts of body.

- Right ventricle only need to produce smaller force to pump deoxygenated blood at lower pressure and speed to reach lungs to allow sufficient time for gaseous exchange to occur.
Cardiac cycle graph

- Take note cardiac cycle graph showing that intersection points of the curves are where valves open or close.

- With reference to the graph for left side of heart, the first intersection point is bicuspid valve closing since left ventricle is contracting.

- The second intersection point is semilunar valve opening since blood is moving through aorta seen by increase in pressure in aorta.

- The third intersection point is semilunar valve closing since left ventricle pressure is decreasing below pressure in aorta.

- The fourth and last intersection point is bicuspid valve open since left ventricle pressure continues to decrease even below pressure in left atrium. Some blood is moving from left atrium into left ventricle. But note that the left atrium has not contracted at this point yet.
- The cardiac cycle graph for left side of heart reaches a higher peak than right side of heart. This is because the left side of heart has thicker wall for left ventricle.

Coronary heart disease
- Caused by diet high in fats, stress, smoking and lack of exercise.

- There is build up of fatty deposits and formation of blood clots narrowing lumen of coronary arteries. 
- This condition is called atherosclerosis
- This obstructs blood flow and lack of blood carrying oxygen and glucose to heart muscles.
- Heart muscles die and person suffers from heart attack.
8. Transport in plants
Functions of xylem and phloem

- Take note of functions of xylem and phloem.
- Xylem carries water and mineral salts from roots upwards to all parts of the plant.

- Phloem carries food substances (sucrose and amino acids) from leaves to all parts of plant. This process is translocation.

Locations of xylem and phloem

- Take note locations of xylem and phloem in root, stem and leaf.

- In root, xylem is at center while phloem are at sides surrounding xylem.

- In stem, xylem is facing inside while phloem facing outside in the vascular bundle.

- In leaf, xylem is facing upper surface of leaf while phloem is facing lower surface of leaf.

Uptake of water and mineral salts by roots

- Take note how water and mineral salts enter roots.

- Water potential of soil water outside root hair cells is higher than cell sap of root hair cells.

- There is net movement of water into root hair cells by osmosis.

- Water potential in root hair cells increase and becomes higher than adjacent root cells.

- Water continues to move from root hair cells to adjacent root cells down water potential gradient.

- This movement of water carries on from one root cell to next until it reaches xylem.

- Mineral salts can enter root hair cells by diffusion when there is higher concentration of mineral salts in soil than cell sap of root hair cells.

- Mineral salts enter root hair cells also by active transport when there is lower concentration of mineral salts in soil than root hair cells.

Uptake of carbon dioxide into leaf cells

- Take note how carbon dioxide enters leaf cells.
- During daytime, there is lower concentration of carbon dioxide in intercellular air spaces than outside leaf as carbon dioxide is used up in photosynthesis.

- Carbon dioxide diffuses from outside leaf through stomata into intercellular air spaces.

- Carbon dioxide will dissolve in thin film of moisture surrounding mesophyll leaf cells and further diffuse into leaf cells for photosynthesis to take place.

Processes that help in transport of water and mineral salts from roots to leaves
- Take note three processes that help to transport water and mineral salts namely root pressure, capillary action and transpirational pull.

Root pressure

- There is active transport of mineral salts from root cells into xylem.

- This lowers water potential in xylem.

- Water can move from root cells into xylem by osmosis.

- This accumulation of water from root cells into xylem causes root pressure and provides an upward pushing force to help water move upwards through xylem.

Capillary action 
- Water molecules have tendency to stick to one another and the walls of xylem.

- Thus, water can fill up narrow lumen of xylem easily and allows transport of water through xylem.

Transpirational pull
- Transpiration creates transpirational pull.

- Water evaporates from thin film of moisture surrounding mesophyll leaf cells forming water vapour.

- There is increased concentration of water vapour in intercellular air spaces of leaf.

- This causes a diffusion gradient for water vapour.

- There is net movement of water vapour from intercellular air spaces through stomata to outside of leaf having lower concentration of water vapour.

- When water evaporates from thin film of moisture, more water from mesophyll leaf cells diffuse out to replace water lost.

- This lowers water potential of mesophyll leaf cells.

- Water will move from xylem now having higher water potential to mesophyll leaf cells having lower water potential by osmosis.
- This creates a pulling force called transpirational pull which pulls water through xylem from roots upwards to leaves.

 Factors affecting rate of transpiration
- Factors include light intensity, temperature, humidity and air movement.

- When there is high light intensity, stomata are mostly opened.

- This increase rate of movement of water vapour through stomata to outside of leaf causing higher rate of transpiration.

- When there is higher temperature, more water evaporates from thin film of moisture surrounding mesophyll leaf cells increasing concentration of water vapour in intercellular air spaces in leaf which becomes higher than outside of leaf.

- This increases diffusion gradient of water vapour.

- There is higher rate of diffusion of water vapour from intercellular air spaces through stomata to outside of leaf.
- This increases rate of transpiration.

- When there is low humidity, there is higher concentration of water vapour in intercellular air spaces than outside of leaf.

- This increases diffusion gradient of water vapour.

- There is increased rate of diffusion of water vapour from intercellular air spaces through stomata to outside of leaf.

- This increases rate of transpiration.

- When there is higher air movement, it removes water vapour outside of leaf.

- This increases diffusion gradient of water vapour.

- There is increased rate of diffusion of water vapour from intercellular air spaces having higher concentration to outside of leaf having lower concentration.

- This increases rate of transpiration.

Wilting
- Wilting occurs when amount of water absorbed by plant is lower than amount of water lost through transpiration.

- Plant cells lose water and becomes flaccid or plasmolysed.

- The plant becomes limp and wilted. Leaves droop down and stomata close to prevent further loss of water through transpiration.

Potometer

- Take note the use of potometer to estimate rate of transpiration.

- A shoot is cut under water (to prevent introducing trapped air in xylem which will block water movement in xylem) and connected to the potometer. 

- The length of movement of air bubble inside capillary tube is measured against time to estimate rate of transpiration.

- As some water is used up by plant for processes such as photosynthesis and not all water is lost through transpiration, thus the length of movement of air bubble only gives an estimate to rate of transpiration.

9. Respiration
- Take note labeling for different parts of the respiratory system in sequence (according to how air enters) namely nostrils, nasal cavity, pharynx, larynx, trachea, bronchi, bronchioles, alveoli and finally into capillaries surrounding alveoli.

Features of alveolus 
- Take note features of alveoli that help in faster and efficient gaseous exchange.

- Alveolus has thin film of moisture for oxygen to dissolve and diffuse more rapidly from alveolus into blood capillary.

- Alveolus has thin one-cell thick wall to allow faster diffusion of oxygen and carbon dioxide across it between alveolus and blood capillary.

- Numerous alveoli in lungs present large surface area to volume ratio for faster gaseous exchange between alveoli and blood capillaries.

- Network of blood capillaries surrounding alveoli with continuous flow of blood maintains diffusion gradient for oxygen to enter blood capillaries and carbon dioxide to enter alveoli.

Inhalation and exhalation

- Acroynms such as RICE (inhalation) and ERIC (exhalation) can be used to remember this part.

Inhalation

- RICE means Internal intercostal muscles Relax while External intercostal muscles Contract. 
- Rib cage and sternum swings outwards and upwards.

- Diaphragm contracts and flattens.

- This increases volume of thoracic cavity and air pressure inside thoracic cavity decreases.

- Air rushes from outside body having higher air pressure into lungs inside thoracic cavity with lower air pressure. 

Exhalation
- ERIC means External intercostal muscles Relax while Internal intercostal muscles Contract.

- Rib cage and sternum swings inwards and downwards.

- Diaphragm relaxes and curves upwards.

- This decreases volume of thoracic cavity and air pressure inside thoracic cavity increases.
- Air rushes out of lungs inside thoracic cavity having higher air pressure than outside of body.

Removal of carbon dioxide from body
- Carbon dioxide produced from body cells when they respire diffuses into blood capillaries.

- Carbon dioxide diffuses into red blood cells.

- Carbon dioxide reacts with water to form carbonic acid. The enzyme needed for this reaction is carbonic anhydrase.

- Carbonic acid dissociates into hydrogen and hydrogen carbonate ions.

- Hydrogen carbonate ions diffuse out of red blood cells and are carried in blood plasma to lungs.

- Hydrogen carbonate ions diffuse back into red blood cells and go through reverse reactions to produce carbon dioxide.

- Carbon dioxide diffuses out of red blood cells and then through blood capillary wall and alveolar wall into alveoli for removal during exhalation.

Harmful effects of smoking
Chronic bronchitis

- Smoking causes chronic bronchitis.

- Irritants and tar in smoke causes increased production of mucus in trachea and bronchi. Cilia are also paralysed.

- There is also swelling of trachea and bronchi narrowing their lumen.

- There is lack of air flowing through trachea and bronchi.

-  Person cough heavily and persistently.
Ephysema
- Persistent heavy coughing through chronic bronchitis leads to emphysema where alveolar walls are broken down.

- Alveoli become a lumpy mass.

- This decreases surface area to volume ratio reducing rate of gaseous exchange.

Nicotine
- Nicotine stimulates adrenaline production and thus increase in blood pressure.
- There is increased tendency for formation of blood clots.

Carbon monoxide
- Carbon monoxide binds irreversibly to haemoglobin forming carboxyhaemoglobin.

- Oxygen cannot bind to haemoglobin and thus reduces efficiency of red blood cells in carrying oxygen to various parts of body.

Tar
- Tar paralyses cilia in trachea and bronchi.

- Tar contains carcinogenic chemicals that causes lung cancer.

Aerobic respiration
- Take note the word and chemical equation for aerobic respiration.
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-     C6H12O6 + 6O2              6CO2 + 6H2O + large amount of energy
Anaerobic respiration
- Take note anaerobic respiration in human muscles as well as plants and yeasts.
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- In human muscles,      Glucose           Lactic acid + Small amount of energy
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- In plants and yeasts,   Glucose           Ethanol + Carbon dioxide + Small 

                                                                                                     amount of energy

- Take note the comparison of similarities and differences between aerobic and anaerobic respiration.

How body deals with lactic acid?
- When person exercises vigourously, aerobic respiration is not able to meet energy demands as there is a limit to the maximum rate of oxygen intake by breathing.

- Thus, anaerobic respiration takes place in muscles to release more energy to meet energy demands.

- The body suffers from oxygen debt.

- During anaerobic respiration, lactic acid is produced.

- Build up of lactic acid causes muscle fatigue and muscle cramp.

- As person rests after exercise, he pants to take in oxygen to pay oxygen debt. 

- Lactic acid is transported from muscles to liver where it is oxidized by oxygen to form carbon dioxide and water with release of energy.

- Energy released is used to convert other remaining lactic acid to glucose which can be further converted to glycogen to be stored in liver for future use.

- As such, lactic acid concentration in body is reduced. 

10. Excretion
- Take note labeling for kidneys, renal arteries, renal veins, ureters, urinary bladder, urethra on a diagram.

- Take note definition for excretion.

- Excretion is the removal of metabolic waste products from the body.

- Compare this with egestion. The type of substances removed are different. Egestion removes undigested food which have not go through metabolic reactions, but excretion removes metabolic waste which is produced from metabolic reactions.

- Take note the roles of different excretory organs such as lungs removing carbon dioxide, sweat glands removing excess water and mineral salts in the form of sweat and kidneys removing excess water and mineral salts in form of urine.

- Take note the labeling on diagram for a nephron (kidney tubule) with the surrounding blood capillaries. Important parts involve the afferent arteriole, efferent arteriole, glomerulus, Bowman’s capsule, proximal convoluted tubule, loop of Henle, Distal convoluted tubule and collecting duct.
Processes happening at different parts of kidney tubule

- Take note what processes happen at the different parts of kidney tubule.

- Afferent arteriole has wider diameter than efferent arteriole.

- This creates higher blood pressure at glomerulus.

- The higher blood pressure forces out blood plasma and small substances such as glucose, amino acids, water molecules, mineral salts and urea through partially permeable membrane of glomerulus into Bowman’s capsule.

- This process is called ultrafiltration.

- The blood plasma and small substances that enter Bowman’s capsule is called filtrate.

- The filtrate passes into proximal convoluted tubule where selective reabsorption takes place. 

- All glucose and amino acids are reabsorbed into blood capillaries by diffusion and active transport.
- Most mineral salts are reabsorbed by diffusion and active transport. 

- Most water is reabsorbed by osmosis.

- Filtrate continues to pass through loop of Henle.

- Reabsorption of water takes place at loop of Henle.

- Filtrate continues to pass through distal convoluted tubule.

- Some water and mineral salts are reabsorbed at distal convoluted tubule.

- Filtrate continues to pass through collecting duct.

- Some water is reabsorbed at collecting duct.

- Finally, excess water, mineral salts and all urea passes out of collecting duct into renal pelvis as urine.

 Osmoregulation
- Take note the importance of osmoregulation by kidneys (this is an example of homeostasis). Other examples of homeostasis include regulation of blood glucose level and regulation of body temperature.
- When water potential is lower than normal in blood (e.g. after sweating), it is detected by receptors in hypothalamus.

- Hypothalamus stimulates pituitary gland to secrete more anti-diuretic hormone (ADH).

- More ADH is transported in bloodstream to kidney tubules.

- More ADH makes membranes of kidney tubules more permeable.

- More reabsorption of water through kidney tubules to blood capillaries.

- Water potential of blood increases back to normal.

- More concentrated urine formed.

- When water potential is higher than normal in blood (e.g. after a heavy drink or during cold day), it is detected by receptors in hypothalamus.

- Hypothalamus stimulates pituitary gland to secrete less anti-diuretic hormone (ADH)

- Less ADH is transported in bloodstream to kidney tubules.

- Less ADH makes membranes of kidney tubules less permeable.

- Less reabsorption of water through kidney tubules to blood capillaries.

- Water potential of blood decreases back to normal.

- More diluted urine formed.

Features of dialysis machine

- Take note important features of dialysis machine.
- There are numerous long, narrow and coiled tubings in dialysis machine to increase surface area for faster exchange of substances between blood and dialysis fluid by diffusion.
- The dialysis tubings are partially permeable to allow only small substances such as excess mineral salts, water molecules and urea to diffuse through. Important large substances such as proteins and red blood cells are unable to pass through and thus not lost from blood.

- The concentration of substances in dialysis is controlled.

- There is no urea present in dialysis fluid to allow urea to diffuse out of blood to dialysis fluid for removal.

- There are same concentrations of glucose and amino acids in dialysis fluid as blood to prevent loss of these substances from blood by diffusion.

- There are lower water potential and lower concentration of mineral salts in dialysis fluid to allow excess water and mineral salts to diffuse out of blood to dialysis fluid for removal.

- The direction of flow of dialysis fluid is opposite to flow of blood to maintain a diffusion gradient for substances out of blood to dialysis fluid. 

- The temperature of dialysis fluid is kept at same temperature as blood so as not to affect body temperature.

11. Homeostasis

- Take note definition for homeostasis.

- Homeostasis is the maintenance of a constant internal environment in organisms.

- Take note homeostasis involves a receptor receiving a stimulus (which is a condition which has increased above optimum or decreased below optimum).

- Receptors after receiving stimulus will trigger an automatic corrective mechanism which will be produced in effectors to bring the condition back to normal optimum condition again.

- Negative feedback is the process whereby an automatic corrective mechanism in the body will bring a condition which has increased above optimum or decreased below optimum back to optimum again.
- Take note structure of skin with important parts such as hairs and hair erector muscles, sweat glands, receptors, blood capillaries and fatty tissues.

Temperature regulation

- Take note how temperature regulation which is an example of homeostasis takes place. 

- When temperature of body increases after an exercise or hot day, thermoreceptors in skin and hypothalamus of brain detects the increase in body temperature.

- Brain sends nerve signals to various effectors of body to bring about the required corrective mechanisms to decrease body temperature back to normal.

- Sweat glands produce more sweat.

- Sweat evaporates off skin surface removing latent heat of vaporization from body.

- Arterioles leading to capillaries near skin surface vasodilate while shunt vessels vasoconstrict, allowing more blood flow to skin for heat to be removed from blood to external environment via conduction, convection and radiation.
- No shivering occurs thus no heat generated.

- Metabolic rate in body decreases to reduce heat generation.

- Hair erector muscles relax allowing hairs to lie flat on skin surface. No layer of air trapped near skin surface and more heat lost. However, this process is not significant in human as there is less hair on the skin.

- Body temperature decreases back to normal.

- When temperature of body decreases during a cold day, thermoreceptors in skin and hypothalamus of brain detects the decrease in body temperature.

- Brain sends nerve signals to various effectors of body to bring about the required corrective mechanisms to increase body temperature back to normal.

- Sweat glands do not produce sweat. Less heat removed from skin surface since no evaporation of sweat.

- Arterioles leading to capillaries near skin surface vasoconstrict while shunt vessels vasodilate, allowing less blood flow to skin and thus less heat lost to environment via conduction, convection and radiation.

- Shivering occurs which is spasmodic contractions and relaxations of skeletal muscles. There is increased respiration in muscle cells releasing more energy which is lost as heat to warm the body.
- Metabolic rate in body increases to generate more heat.

- Hair erector muscles contract allowing hairs to erect trapping a layer of air near skin surface. This reduces heat lost from skin surface since air is an insulator of heat. However, this process is not significant in human as there is less hair on the skin.

- Body temperature increases back to normal.

12. Coordination and Response

- Take note structures of a neurone including cell body, dendrites, axon and myelin sheath surrounding axon and nodes of Ranvier. Myelin sheath provides electrical insulation thus transmission of nerve impulse is faster passing along nodes of Ranvier.
Spinal reflex action

- Take note the arrangement of receptor, sensory neurone, relay neurone and motor neurone followed by effector in a spinal reflex arc.

- Take note how a spinal reflex action works.

- When a person touches a hot object, receptors at skin detect the heat which is a stimulus.

- A nerve impulse is generated and passes along the sensory neurone in dorsal root of spinal nerve towards the spinal cord.

- The nerve impulse reaches end of sensory neurone and is transmitted across a synapse to the relay neurone in grey matter of spinal cord.

- Chemical messengers called neurotransmitters are produced at end of sensory neurone and diffuse across the synapse to reach relay neurone ensuring that nerve impulse is transmitted to relay neurone.

- Nerve impulse passes along relay neurone and is further transmitted across another synapse to the motor neurone.

- Neurotransmitters are produced at end of relay neurone and diffuse across synapse to reach motor neurone ensuring nerve impulse is transmitted to motor neurone.

- Nerve impulse passes along the motor neurone in ventral root of spinal nerve to reach the motor end plate where it is applied to the effector.

- The effector which is muscles of the hand contract to withdraw hand away from the hot object.

- This whole process is spinal reflex action since it is controlled by spinal cord and the nerve impulse does not pass through brain for processing.

Differences between voluntary and involuntary actions
- Take note differences between voluntary and involuntary actions.

- Voluntary action involves conscious control of action by brain but involuntary action does not involve consious control of action by brain.

- Voluntary action involves only transimission of nerve impulses through relay and motor neurones but involuntary action involves transmission of nerve impulses through sensory, relay and motor neurones.

- Voluntary action is slower but involuntary action is fast and immediate.

- Take note that reflex action serves to help the organism survive by responding rapidly to any changes in environment.

Structure of eye

- Take note structures of eye and their functions.

- Important structures include conjunctiva, cornea, pupil, iris, lens, suspensory ligaments, ciliary muscles, aqueous humour, vitreous humour, retina, choroid, fovea, sclera, blind spot and optic nerve. 

- Conjunctiva = Helps to lubricate eye and prevents entry of dust and bacteria.

- Cornea = Allows light to be refracted into the pupil of eye.

- Pupil = Small hole that allows light to pass through.

- Iris = Helps to control size of pupil and amount of light entering eye.

- Lens = Able to change shape to refract light differently to see near or far objects.

- Suspensory ligaments = Connection between ciliary muscles and lens to increase pull or reduce pull on lens to change lens shape.

- Ciliary muscles = Contract or relax to allow change in lens shape.

-  Aqueous and vitreous humour = Gel-like liquids found in eye which help to keep eyeball firm and refract light entering eye onto retina.

- Retina = Contains photoreceptors to receive light in order for brain to perceive images.

- Choroid = Contains blood capillaries to supply oxygen and nutrients to eye. This is also dark coloured to absorb light preventing internal reflection of light in eye thus preventing damage to photoreceptors.
- Fovea = Most light sensitive region of retina containing only cones.
- Sclera = Tough outer covering of eye which protects eye.

- Blind spot = No photoreceptors found and thus no nerve impulses sent to brain when light falls here.

- Optic nerve = Contains neurones which send nerve impulses to brain when light is received by photoreceptors.

Pupil reflex

- Take note how pupil reflex which is an example of cranial reflex works.

- When there is bright light, circular muscles of iris contract while radial muscles of iris relax.

- This causes pupil to constrict and pupil size decreases.

- Less light enters eye and this prevents damage to retina.

- When there is dim light, circular muscles of iris relax while radial muscles of iris contract.

- This causes pupil to dilate and pupil size increases.

- More light enters eye allowing image to form in eye and person to see under dim light conditions.

Accomodation

- Take note the ability of lens to change its shape thus allowing images of near or far objects to be formed in eyes.

- When viewing near objects, the ciliary muscles contract.

- This causes suspensory ligaments to be slacken.

- Suspensory ligaments reduce their pull on lens.

- Lens become thicker and more convex.

- Focal length of lens is decreased and focused image of near object formed on retina.

- When viewing far objects, ciliary muscles relax.

- This causes suspensory ligaments to be taut.

- Suspensory ligaments increase their pull on lens.

- Focal length of lens is increased and focused image of far object formed on retina.

Hormones

- Take note definition of hormones.

- Hormones are chemical messengers secreted from endocrine glands into bloodstream and transported to target organs to alter their activity. Hormones are destroyed in liver after use.

Blood glucose regulation 

- Take note blood glucose regulation is an example of homeostasis.
- When blood glucose level is higher than normal (after a meal), islets of Langerhans of pancreas detect increased blood glucose level and secrete more insulin.

- Insulin is carried in blood to liver and muscles to stimulate liver and muscles to increase uptake of glucose.

- Insulin also stimulates the conversion of excess glucose to glycogen to be stored inside liver and muscles.

- Insulin also increases permeability of other cells of body to increase uptake of glucose and increased respiration to take place to break down glucose to release energy.

- This decreases blood glucose level back to normal.

- When blood glucose level is lower than normal (during long period of starvation or after a vigourous exercise), islets of Langerhans of pancreas detect decreased blood glucose level and secrete more glucagon.

- Glucagon is carried in blood to liver to stimulate liver cells to convert stored glycogen to glucose.

- Glucagon also stimulates the conversion of other substances such as fatty acids, amino acids and lactic acid into glucose by liver.   

- Thus, glucose enters the bloodstream.

- This increases the blood glucose level back to normal.

Diabetes
- Take note symptoms of diabetes such as constant high blood glucose level and presence of glucose in urine.

- Two types of diabetes, Types 1 and 2.

- Type 1 diabetes involves islets of Langerhans of pancreas not able to secrete insulin. Patient has to inject insulin regularly to body.

- Type 2 diabetes develops in later life due to unhealthy lifestyle such as obesity and lack of exercise or diet high in sugars.

- Take note question testing the use of food tests on urine samples to check which urine sample contains glucose (seen by a positive Benedict’s test).

Adrenaline 
- Take note that adrenaline is a hormone secreted to deal with a fight-or-flight response situation.

- When person faces a fight-or-flight response situation (e.g. chased by a fierce dog), there is increased secretion of adrenaline by adrenal glands into bloodstream.

- Adrenaline causes increase in breathing rate allowing more oxygen uptake from lungs into bloodstream. 
- Adrenaline causes increase in heart rate to pump blood from heart to all parts of body at a faster rate. This increases supply of oxygen and glucose faster to skeletal muscles and vital organs of body such as brain and heart which need more oxygen and glucose to carry out aerobic respiration to release more energy for increased cellular activities during a stressful period. For example, muscles need to contract more often to fight or run away from danger.

- Adrenaline cause blood vessels leading to skin and alimentary canal to vasoconstrict while blood vessels leading to skeletal muscles and vital organs (such as brain and heart) to vasodilate so more blood flows to skeletal muscles and vital organs supplying more oxygen and glucose to them.

- Digestive activity is also reduced.

- Adrenaline causes increased tendency of blood to clot to prepare for any potential injury.

- Adrenaline also causes pupil of eye to dilate allowing more light to enter eye for enhanced vision.

Comparison of similarities and differences between nervous control and hormonal control
Similarities 

- Both nervous control and hormonal control involves receptors to receive a stimulus and effectors to carry out the required correction and response to the stimulus.
Differences

- Nervous control involves message sent in the form of electrical nerve impulse while hormonal control involves message sent in the form of chemical messengers called hormones.
- In nervous control, nerve impulses pass through neurones while in hormonal control, hormones are carried in bloodstream.

- In nervous control, usually only one target organ is involved but in hormonal control, more than one target organs can be involved in producing required response.
- In nervous control, the response produced is short-lived but in hormonal control, the response produced can be short-lived or long-lived.

- In nervous control, the response produced is fast and immediate but in hormonal control, the response produced is slower.

- Nervous control can be voluntary or involuntary in nature but hormonal control is involuntary in nature.

13. Reproduction in plants
Asexual reproduction vs Sexual reproduction

- Take note definitions for asexual reproduction and sexual reproduction.

- Asexual reproduction is the production of genetically identical offspring from a single parent organism.

- Sexual reproduction is the production of genetically unidentical offspring from the fusion of male gamete of one parent with the female gamete of another parent.

- Take note their differences. Asexual reproduction involves only one single parent producing offspring but sexual reproduction involves two different parents producing offspring. 

- Also, offspring produced from asexual reproduction are genetically identical to one another and their parent but offspring produced from sexual reproduction are genetically unidentical from each other and their parents.

Flower parts and their functions

- Take note labeling for flower parts namely, stigma, style, ovary, ovule, anther, filament, petal and sepal.
- Stigma, style and ovary form the female part of flower called carpel. Anther and filament form the male part called stamen.

- Take note the functions of important parts of flower.

- Stigma is a sticky part that receives pollen grains.

- Ovary contains ovules which contains ova.

- Anther produces pollen grains.

- Petals in insect pollinated flower attract insect pollinators.

- Sepal protects flower when it is in bud stage.

Differences between insect pollinated and wind pollinated flowers 
- Take note differences between both types of flowers.

- Insect pollinated flowers have brightly coloured and large flowers to attract insect pollinators but wind pollinated flowers have very small flowers.

- Insect pollinated flowers have nectar guides to guide insect pollinators to reach nectaries but wind pollinated flowers do not have nectar guides.

- Insect pollinated flowers have short filaments but wind pollinated flowers have long and pendulous filaments that hold anthers out of flowers to release pollen grains to be carried in the wind.

- Insect pollinated flowers have large and rough pollen grains to stick onto backs and legs of insect pollinators but wind pollinated flowers have small, smooth and light weight pollen grains to be carried long distances in the wind.
- Insect pollinated flowers have small and sticky stigma but wind pollinated flowers have large feathery stigma that presents large surface area for catching pollen grains carried in the wind.

Self-pollination vs cross-pollination
- Take note that self-pollination involves the transfer of pollen grains from the anther of one flower to the stigma of the same flower or another flower on the same plant.

- Take note that cross-pollination involves the transfer of pollen grains from the anther of one flower on a plant to the stigma of another flower on another plant of the same species.
- Take note factors that promote cross-pollination.

- Factors include both anthers and stigma of same flower maturing at different times or anthers and stigma of same flower located far away from each other. 

Advantages of cross-pollination over self-pollination and asexual reproduction

- Take note advantage of cross-pollination over self-pollination.

- Offspring produced from cross-pollination have the largest amount of genetic variation and thus the species is better able to survive drastic changes in environment such that some offspring are still able to survive should the environment changes. Also, offspring can inherit desirable qualities of both parents. Seeds produced from cross-pollination are more viable, being able to survive longer before germination.
- Offspring produced from self-pollination have less genetic variation and thus the species is less able to survive changes in environment. Also, continued self-pollination will lead to weaker offspring which are less resistant to diseases. 
- Offspring produced from asexual reproduction are genetically identical and thus the species may not be able to survive changes in environment as all offspring will be affected should there be any changes in environment.

Advantages of asexual reproduction over sexual reproduction

- Only one single parent is required in asexual reproduction compared to sexual reproduction which requires two parents. 

- Less energy is needed to produce offspring in asexual reproduction whereas more energy is used to find a mate in sexual reproduction in animals in order to produce offspring. More energy is also needed to produce reproductive organs such as flowers and also produce pollen grains for sexual reproduction in flowering plants.

- Asexual reproduction does not depend on external factors such as insects or wind for pollination to take place in order to produce offspring unlike sexual reproduction in flowering plants. Thus, asexual reproduction is a very certain method of reproduction which can produce large number of offspring in a short period of time.
Fertilisation

- Take note fertilization process. The syllabus does not require discussion of double fertilization. However, double fertilization is included here in case you prefer to write more in your answers to this part.

- A pollen grain lands on the stigma of a flower of the same species.

- Stigma secretes a sugary fluid that stimulates pollen grain to germinate.

- Pollen grain produces a pollen tube.

- Tip of pollen tube secretes enzymes to digest away the tissues of stigma and style to allow pollen tube to grow towards the ovary.
- There are two nuclei present in the pollen tube namely pollen tube nucleus and generative nucleus.

- Pollen tube nucleus controls the growth of pollen tube.

- Vegetative nucleus divides to form two male gametes.

- The pollen tube grows until it passes through a tiny opening in the ovule called micropyle.

- Pollen tube nucleus will disintegrate once the pollen tube completes its growth.

- Tip of pollen tube absorbs sap from ovule and burst releasing the two male gametes which pass out of it.

- One male gamete fuses with the ovum forming the diploid zygote which develops into embryo.

- The other male gamete fuses with the definitive nucleus forming endosperm nucleus which further forms endosperm which is a food storage tissue for the embryo.

14. Reproduction in human

Important parts of male reproductive system

- Take note labeling of important parts of male reproductive system namely testis, scrotum, sperm duct, sex glands (seminal vesicles and prostate gland), urethra and penis.

- Take note functions of the important parts.

- Testis produces sperm and male sex hormone testosterone.

- Scrotum holds testes out of body providing cooler environment for sperm to develop.

- Sperm ducts allow sperm to pass through to be ejaculated out of penis.

- Sex glands produces seminal fluid which contain enzymes and nutrients for sperm, and a medium for sperm to swim.

- Urethra allows urine or sperm to pass through out of body.

- Penis is inserted into vagina of female during sexual intercourse and allows deposit of sperm into female.

Important parts of female reproductive system   
- Take note labeling of important parts of female reproductive system namely ovary, oviduct/ fallopian tube, uterus, cervix and vagina. 

- Take note functions of the important parts.

- One ovary releases a mature ovum (egg cell) once every month. Ovary also releases female sex hormones such as oestrogen and progesterone.

- Oviduct allows ovum to pass through and fertilization to take place.

- Uterus allows implantation of embryo which has developed from fertilized ovum. Once embryo is implanted, it can grow into a foetus.

- Cervix is a narrow opening which expands greatly during childbirth to allow baby to come out of uterus and female body.

- Vagina also known as birth canal allows baby to come out during childbirth. It also allows deposit of sperm during sexual intercourse.

Differences between sperm and ovum
- Take note differences between sperm and ovum.

- Sperm is smaller but ovum is larger with abundant cytoplasm which contains nutrients for embryo if ovum is fertilized.

- Sperm is released in large numbers of millions each time but only one ovum is released from one ovary each month.

- Sperm is able to swim with the help of a tail but ovum is unable to move.

- Take note definition of fertilization. 

- Fertilisation is the process whereby haploid nuclei of male gamete and female gamete fuse together to form a diploid zygote.

Menstrual cycle
- Take note that hormones such as follicle stimulating hormone (FSH) and luteinizing hormone (LH) are not required in syllabus.

- During day 1 to 7, menstruation occurs. Uterine lining breaks down with blood loss and dead ovum is released through vagina.

- During day 7 to 14, oestrogen is released by ovaries resulting in repair and growth of uterine lining. Uterine lining becomes thicker and spongy being filled with more blood vessels.

- During day 14, ovulation occurs. A mature ovum is released from ovary.

- During day 14 to 28, progesterone is released from ovaries. Progesterone helps to maintain the thickness of the uterine lining to prepare for implantation of embryo should fertilization of ovum takes place.

- During day 28, if no fertilization occurs, progesterone levels decrease sharply and menstruation takes place again. This marks the end of the menstrual cycle and it repeats again.

- Fertile period is from day 11 to 17 as sperm and ovum can survive in female body for up to three days. So sexual intercourse during fertile period has higher chance of fertilization taking place and thus pregnancy.

Pregnancy and functions of amniotic fluid and placenta
- Take note that if fertilization and implantation occur, the implanted embryo will develop into a foetus with structures such as amniotic membrane and fluid, and placenta also developed.

- Take note functions of amniotic fluid.

- Amniotic fluid provides an environment with constant temperature for development of foetus.

- Amniotic fluid acts as a shock absorber to cushion any impacts on the foetus.

- Amniotic fluid allows unhindered development and growth in size of foetus. 

- Take note functions of placenta.

- Placenta allows foetal blood to come close to mother’s blood without mixing. This allows for exchange of substances by diffusion. Essential substances such as oxygen, glucose and amino acids diffuse from mother’s blood into foetal blood. Waste substances such as carbon dioxide and urea diffuses from foetal blood to mother’s blood for removal.

- Oxygen, glucose and amino acids are higher in concentration in umbilical vein leading towards foetus.

- Carbon dioxide and urea are higher in concentration in umbilical artery leading away from foetus.

- Take note that the wall of umbilical artery is thicker and more muscular than wall of umbilical vein.

- Placenta by not allowing foetal and mother’s blood to mix prevents agglutination of red blood cells to occur should foetal and mother’s blood types be incompatible. This thus prevents possible blockage of blood vessels in foetus and lack of blood flow carrying oxygen and nutrients in blocked vessels.

- Placenta by not allowing foetal and mother’s blood to mix prevents mother’s blood with higher blood pressure from entering foetal blood which may burst the delicate blood vessels of the foetus.

- Placenta by not allowing foetal and mother’s blood to mix minimizes entry of harmful pathogens (harmful bacteria and viruses) from mother’s blood to foetal blood.

Human Immunodeficiency Virus (HIV) and Acquired Immune Deficiency Syndrome (AIDS)

- The virus HIV causes AIDS.
- AIDS is incurable. Antibiotics cannot treat AIDS as it does not kill virus but only bacteria.

- Person’s white blood cells are destroyed by HIV and immune system is weakened.

- Person thus suffers from many diseases and infections.

- HIV is transmitted from sexual intercourse with an infected person.

- HIV is also transmitted by sharing of injection needles with an infected person.

- HIV is also transmitted by blood transfusion from an infected person.

- Ways to prevent transmission of HIV include: 

- Being faithful to a non-infected sex partner, 

- Not sharing injection needles, 

- Using protection such as condom during sexual intercourse.

15. Cell Division
- Take note that the roles of mitosis are for growth and repair of worn-out tissues and asexual reproduction while meiosis is to produce gametes (sex cells). 
- Take note that cells in human body are diploid (2n) with 23 pairs of chromosomes (46 chromosomes). However, gametes each contains only haploid number of 23 chromosomes (n). 

- Another importance of meiosis is that haploid gametes are produced such that when fertilization occurs, the diploid number of chromosomes can be restored in zygote produced. 

Interphase

- Take note that interphase is a stage of cell cycle happening before mitosis or meiosis and it involves the cell increasing in number of organelles and accumulating substances such as proteins, and also DNA replication and replication of centrioles takes place.
Mitosis
- Take note that mitosis consists of the four phases prophase, metaphase, anaphase and telophase.

Prophase

- During prophase, chromatin threads condense into short and thick chromosomes.

- Nuclear membrane and nucleolus breaks down.
- The two pairs of centrioles separate and each pair of centrioles move to opposite ends of cell and spindle apparatus starts forming.


Metaphase 
- Spindle apparatus is fully formed and chromosomes line up at the equator of cell joined to spindle fibres at their centromeres.


Anaphase
- Centromeres divide and split as sister chromatids are separated and pulled apart by the spindle fibres.


Telophase 
- Sister chromatids have reached opposite ends of cell.
- Each separated sister chromatid is called a chromosome.

- Chromosomes uncoil and lengthen to chromatin threads.

- Nuclear membrane reforms around each end of cell.

- Spindle apparatus breaks down.

Cytokinesis
- After telophase, cytokinesis occurs. In animal cells, a cleavage furrow forms at equator of cell and serves to divide the cell into two daughter cells.

- Take note that after mitosis has taken place, each daughter cell contains the same number of chromosomes as the parent cell and is also genetically identical to the parent cell.

Meiosis
- Take note that meiosis consists of two nuclear division, meiosis I and meiosis II.

Prophase I
- Chromatin threads condense into short and thick chromosomes.

- Pairing of homologous chromosomes occurs.

- Crossing over which is exchange of segments of chromatids between homologous chromosomes at chiasmata occurs.

- Nuclear membrane and nucleolus breaks down.

- Centrioles move to opposite ends of cell and spindle apparatus starts forming.
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Metaphase I
- Spindle apparatus is fully formed.

- Pairs of homologous chromosomes are aligned at equator of cell joined to spindle fibres at their centromeres.

- Arrangement of pairs of homologous chromosomes are random such that each pair is arranged independently of other pairs. This is called independent assortment of pairs of homologous chromosomes.
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Anaphase I
- Homologous chromosomes in each pair are separated from each other being pulled to opposite ends of cell by spindle fibres.
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Telophase I

- Each homologous chromosome in a pair has reached opposite ends of cell.
- Nuclear membrane reforms around chromosomes at each opposite end of cell.

- One pair of centrioles replicates to form two pairs of centrioles.
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Cytokinesis

- Cytokinesis occurs to divide the cell into two cells.

- Each cell has half the number of chromosomes as parent cell (haploid) at this stage.

- Each of the two cells further goes through meiosis II.
Prophase II

- Nuclear membrane breaks down.
- Each pair of centrioles move to opposite ends of cell and starts forming spindle apparatus.
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Metaphase II

- Spindle apparatus is fully formed and chromosomes line up at the equator of cell joined to spindle fibres at their centromeres.


Anaphase II
- Centromeres divide and split as sister chromatids are separated and pulled apart by the spindle fibres.
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Telophase II
- Sister chromatids have reached opposite ends of cell.

- Each separated sister chromatid is called a chromosome.

- Chromosomes uncoil and lengthen to chromatin threads.

- Nuclear membrane reforms around each end of cell.

- Spindle apparatus breaks down.
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Cytokinesis
- Cytokinesis occurs to divide each cell into two cells.

- A total of four daughter cells is formed after meiosis. Each daughter cell has half the number of chromosomes as parent cell (haploid). Each daughter cell is also genetically different from one another and the parent cell.
Factors resulting in genetic variation in daughter cells of produced by meiosis
- Take note that crossing over during prophase I results in genetic variation as segments of chromatids between homologous chromosomes are exchanged. This means there is recombination of genes.

- Independent assortment of pairs of homologous chromosomes during metaphase I also results in genetic variation as there can be different ways of separating the homologous chromosomes to opposite ends of cell.

Factors resulting in genetic variation in offspring produced by sexual reproduction

- Take note that both crossing over and independent assortment of homologous chromosomes already result in genetic variation in gametes produced.

- Random fertilization of gametes further contributes to genetic variation in offspring produced.

Differences between mitosis and meiosis
- Take note differences between mitosis and meiosis.

- Mitosis involves one nuclear division while meiosis involves two nuclear divisions.

- Mitosis produces same number of chromosomes in each daughter cells but meiosis produces half the number of chromosomes in each daughter cells.

- Mitosis produces daughter cells which are genetically identical to parent cell but meiosis produces daughter cells which are genetically different from each other and parent cell.

- In meiosis there is crossing over and independent assortment of pairs of homologous chromosomes occurring but these processes do not occur in mitosis.

- In meiosis there is pairing of homologous chromosomes in prophase I but no pairing over occurs in mitosis.

- Mitosis is involved in growth and repair of worn-out tissues but meiosis is involved in producing gametes.

16. Inheritance
Important terms

- Take note important terms such as gene, allele, phenotype, genotype, homozygous, heterozygous, dominant allele, recessive allele.
- Gene is a segment of DNA containing a unique sequence of nucleotides which directs the synthesis of a polypeptide. A gene is also a unit of inheritance that can be passed down from one generation to the next.

- Alleles are different forms of the same gene. Alleles are located on the same gene locus in a pair of homologous chromosomes.

- Phenotype is the observable characteristics of an organism which depends on the genotype.

- Genotype is the genetic make-up of an organism.

- An organism is homozygous for a trait if both alleles in the pair for the trait are identical.

- An organism is heterozygous for a trait if the two alleles in the pair for the trait are different from each other.

- Dominant allele is an allele which is expressed fully in the phenotype when in homozygous and heterozygous conditions.

- Recessive allele is an allele which is only expressed fully in the phenotype when in homozygous condition and not heterozygous condition.

Genetic diagrams

- Take note the format when doing genetic diagrams.
- If representation of alleles are not given in question, you have to denote the dominant allele by a capital letter while recessive allele by small letter.

- Work out the format as follows in sequence: 

   1. Phenotypes of parents 

   2. Genotypes of parents

   3. Gametes 

   4. Offspring genotypes (F1 generation genotypes: if need to go to second  

                                          generation in a second genetic diagram) 
   5. Offspring phenotypes (F1 generation phenotypes: see above explanation)
   6. Offspring phenotypic ratio (F1 generation phenotypic ratio: see above 

                                                   explanation)
Phenotypic ratios for complete dominance cases 

- Take note some phenotypic ratios for complete dominance type of genetic crossing.

- Phenotypic ratio of 3:1 means both parents are each heterozygous.

- Phenotypic ratio of 1:1 means one parent is heterozygous while the other parent is homozygous recessive.

- A test cross can be done to determine the genotype of a trait of an unknown organism. This involves crossing a homozygous recessive individual for the trait with the unknown individual for the genotype of the trait.

- The phenotypic ratio of their offspring will help determine the unknown genotype of the trait.

Incomplete dominance
- Take note that incomplete dominance occurs when the heterozygote expresses a phenotype which is intermediate to the phenotypes expressed from homozygous dominant and homozygous recessive forms.

(an example is snapdragon flowers when incomplete dominance results in pink coloured flowers which is intermediate between red and white flowers of the homozygous forms)

Codominance 

- Codominance is when both alleles in a pair contribute equally to the phenotype thus being equally dominant.

(e.g. Alleles for blood types IA and IB are codominant while IO is a recessive allele)

Sex determination
- Take note that a male human cell has the pair of sex chromosomes XY.

- A female human cell has the pair of sex chromosomes XX.

- See below for a Punnett Square that shows the inheritance of offspring from a male and female human.

- The probability of a baby being male is 
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 while the probability of a baby being female is also 
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Mutation
- Take note that mutation is the change in gene structure, chromosomal structure or chromosome number.

- Mutation can be caused by chemical mutagens such as ethidium bromide or radiation such as ultraviolet radiation.
Sickle cell anemia
- Take note that sickle cell anemia arises because of a gene mutation. 

- The gene responsible for production of haemoglobin is mutated.

- When a human is homozygous recessive for both sickle cell alleles (HbSHbS), haemoglobin produced is abnormal in structure.
- This is because one of the amino acids in the normal haemoglobin chain is replaced by another amino acid resulting in the loss of three-dimensional shape of haemoglobin.
- Heterozygous individuals (HbAHbS) do not get the disease as one of the allele (HbA) is still normal and producing normal haemoglobin. But these individuals are carriers who are able to pass on their mutated allele to their offspring.  

- In malaria infested places, heterozygotes have higher chance of survival and thus the mutated allele (HbS) can be passed on to their offspring and so persist in the population.
Down’s syndrome
- Down’s syndrome is a condition due to an extra chromosome 21 in the 21st pair of chromosomes. There are total of 47 chromosomes in a sufferer of Down’s syndrome.

- Down’s syndrome is caused by the improper separation of the 21st pair of homologous chromosomes during meiosis resulting in one gamete having two chromosome 21 and the other gamete having no chromosome 21. When the gamete with two chromosome 21 goes through fertilization with another gamete with one chromosome 21, there will be three chromosome 21 found in the zygote resulting in Down’s syndrome. 

- Down’s syndrome sufferer displays symptoms such as mental retardation, heart and respiratory defects.

Continuous variation vs discontinuous variation
- Take note definition of continuous variation.

- A characteristic shows continuous variation if it has a range of phenotypes between two extremes. 

-Examples of characteristics showing continuous variation include weight and height.

- Take note definition for discontinuous variation.

- A characteristic shows discontinuous variation if it has only a few distinct phenotypes.  

- Examples of characteristics showing discontinuous variation include ABO blood types and ability to roll the tongue.

- Take note differences between continuous and discontinuous variation.

- In continuous variation, the characteristic is affected by environment but in discontinuous variation, the characteristic is not affected by environment.

- In continuous variation, the characteristic is controlled by many genes but in discontinuous variation, the characteristic is controlled by only a few genes.

- In continuous variation, the characteristic has a range of phenotypes between two extremes but in discontinuous variation, the characteristic has only a few distinct phenotypes.
Natural selection  

- Genetic variation exists in a population because of random mutation of genes. Crossing over and independent assortment of chromosomes during meiosis and random fertilization further contributes to genetic variation.
- Organisms in a population compete for survival but there are different chances of survival for different organisms.

- Only fitter organisms in an environment are able to survive because they possess desirable characteristics to compete better for resources such as food, water, light and they are better able to escape predators or find a mate for reproduction.
- This process whereby only fitter organisms are better able to survive in a particular environment is called natural selection.

- The fitter organisms pass on their genes which express desirable characteristics to their future generations.

- After many generations, the genotype of the offspring may change so much from their ancestral form such that they form a new species by evolution. 

- An example of natural selection is the increase in numbers of dark coloured peppered moth in the population of peppered moth due to industrialization such that dark coloured peppered moth are able to camouflage against the dark coloured bark of trees covered by soot.

Artificial selection

- Take note that artificial selection which is selective breeding is the intentional breeding for particular traits.
- Artificial selection is used to produce economically important crops and animals.

- Plants are bred for qualities such as better pest resistance and higher yield of crop. 

- Animals are bred for qualities such as better milk production and more body mass for meat.

- Inbreeding results from breeding between two pure bred animals. The offspring display similar traits to the parents. Too much inbreeding results in more deleterious alleles present in the offspring which can cause the offspring to be less fit.
- Differences between natural and artificial selection include natural selection is affected by environmental factors but artificial selection is affected by man.
- Also, natural selection takes a long time and many generations to observe changes in the offspring of organisms of a population but artificial selection takes shorter time to observe changes in the offspring of organisms.

17. Molecular genetics
Structure of DNA

- Take note the ways to describe structure of deoxyribonucleic acid (DNA).
- DNA is a doubled stranded helix structure consisting of two DNA molecules wound around each other.

- Each DNA molecule is a polynucleotide chain consisting of many subunits called nucleotides chemically joined together.

- Each nucleotide is made up of a deoxyribose sugar, a nitrogenous base and a phosphate group.

- The two DNA strands are held together by hydrogen bonds between complementary nitrogenous bases such that adenine pairs with thymine while cytosine pairs with guanine.

- Each of the two DNA strand is made up of a sugar-phosphate backbone which consists of alternating sugar and phosphate chemically joined to form the backbone.
- The two DNA strands run anti-parallel to each other such that one strand runs from 5’ to 3’ direction while the other strand runs from 3’ to 5’ direction. 

From gene to DNA to chromosome
- Take note that chromosome consists of chromatin thread which is DNA wrapped around histone proteins.

- Chromatin thread is highly folded and coiled forming the chromosome.

- DNA consists of many genes occupying different segments of DNA.

- A gene is a unique sequence of nucleotides which contains genetic information to direct the synthesis of a polypeptide. Gene is also a unit of inheritance that can be passed down from one generation to the next.
- Thus, a chromosome contains DNA and many genes are found on DNA.

Production of human insulin by genetic engineering

- Take note that genetic engineering is a technique where structure or characteristics of genes are altered for practical purposes.

- Extract the chromosome containing human insulin gene from a human cell.

- Use restriction enzyme to cut the human insulin gene out from the chromosome.

- This produces sticky ends on the human insulin gene.

- Extract a bacterial plasmid DNA from a bacterial cell.

- Use the same restriction enzyme to cut the bacterial plasmid DNA producing sticky ends with complementary nitrogenous bases to the sticky ends of the human insulin gene.

- Use enzyme DNA ligase to join human insulin gene to the cut bacterial plasmid DNA.

- This produces a recombinant bacterial plasmid DNA. 

- Use heat shock treatment to open the pores of the membrane of a host bacterial cell.

- This allows the recombinant plasmid DNA to be introduced into the host bacterial cell.

- Thus, the plasmid DNA acts as a vector for introducing the human insulin gene into the host bacterial cell.

- Cultivate the host bacterial cell with the recombinant plasmid DNA in a fermenter tank.

- Maintain optimal conditions in the fermenter for growth of the bacterial cells with recombinant plasmid DNA containing human insulin gene. 

- Optimal conditions include suitable pH, temperature, suitable amount of oxygen and essential nutrients.

- Bacterial cells in the fermenter will multiply by asexual reproduction producing many copies of human insulin gene and large amount of human insulin.

- Extract the bacterial cells and break the cells to purify out human insulin. 

Applications of genetic engineering
- Take note some common applications of genetic engineering.
- Genetic engineering is used to produce useful drugs in large amounts such as human insulin.

- Genetic engineering can be used to produce crop plants which have desirable qualities such as drought resistance, pest resistance and herbicide resistance.

- Genetic engineering can also be used to produce crops with increased nutritional value by introducing genes coding for vitamin or additional nutrients into crop plants.

- Genetic engineering can also be used in animals such as genetically modified fish to overproduce growth hormone which results in faster growth.
- Genetic engineering can also be used in gene therapy to replace a defective gene with a healthy gene to treat genetic diseases such as sickle cell anemia.

Social and ethical implications of genetic engineering

- Take note that genetic engineering though a very useful technique, still have its social and ethical concerns regarding its use.

- Genetic engineering may pose risks of producing substances in genetically modified (GM) organisms which cause allergy in some consumers of GM food.
- Genetic engineering may cause production of superweeds when crop plants with herbicide resistance cross-pollinate with closely related weed plants. Thus, such superweeds may outgrow and compete with crop plants and other plants in ecosystem for water, nutrients and light.

-  Genetically modified crop plants which produce pesticide can kill insects indiscriminately. Some insect larvae which are killed may be important in the food web of ecosystem. Thus, there is loss of biodiversity and damage to the health of ecosystem.
- There can be economic impact especially on poorer countries when farmers need to buy seeds of genetically modified crops produced by biotechnology companies at high prices which they cannot afford. This is because genetically modified plants are made sterile so they cannot produce offspring. Thus, farmers are dependent on supply of such seeds from the biotechnology companies.

- There can be concerns from animal welfare groups regarding how organisms are being treated by genetic engineering.

- GM food labeling is not mandatory in some countries. Some consumers may not be able to consume GM food due to religious reasons so it may disadvantage them if they are unaware that the food they consume may be GM food.

18. Ecology
- Take note some common terms such as ecology, habitat, population, community and ecosystem.

- Ecology is the study of the interactions between organisms and the interactions between organisms and their environment.

- Habitat is the place where an organism lives in.

- Population is a group of individuals of the same species living together in a habitat.

- Community consists of different populations of organisms living together and interacting with one another in a habitat.

- Ecosystem consists of a community and its physical environment.

Naming of organisms in a food chain

- Take note of the definition of food chain.

- A food chain is a sequence of energy transfer in the form of food between organisms.

- Take note of the naming of organisms in a food chain.

- First trophic level is the producers, second trophic level the primary consumers, third trophic level the secondary consumers and fourth trophic level the tertiary consumers. 
Non-cyclical flow of energy in a food chain
- Take note that sun is the principal source of energy for a food chain as it provides light energy that green plants (producers) can absorb with chlorophyll to convert light energy to chemical energy during photosynthesis to make food (glucose) which other organisms are dependent upon for energy.

- As energy is passed down the food chain from one trophic level to the next, about 90% of energy is lost. Only about 10% of energy is passed down.
- Energy is lost by various ways such as being lost as heat during respiration, lost in the uneaten parts of food, lost in the waste produced (e.g. urine and faeces) and lost in the various activities of animals such as movement.

- As such, energy is lost through the food chain mainly as heat and not recycled. 

Pyramids of numbers, biomass and energy transfer
- A pyramid of numbers shows the number of organisms at each trophic levels along the food chain.

- A pyramid of numbers can vary depending on the numbers at each trophic level. For example, the trophic level which is producers may have only one tree supporting higher trophic levels of organisms or can have many grasses supporting organisms at higher trophic levels.

- So, the shape of the pyramid is different in different cases.

- A pyramid of biomass shows the dry mass of organisms per unit area at each trophic levels along a food chain. It is usually expressed as kg/m2.

- A pyramid of biomass usually shows the biomass of organisms at each trophic level decreasing as the trophic level increases. 

- A pyramid of energy transfer shows the total amount of energy possess by all organisms at each trophic levels along the food chain.

- A pyramid of energy transfer shows the total energy of organisms at each trophic levels decreasing as the trophic level increases.

- This is because the amount of energy available to organisms at higher trophic levels decreases since only about 10% of energy is transfered from one trophic level to next.

Carbon cycle
- Take note which processes release carbon dioxide to the atmosphere while which processes remove carbon dioxide from atmosphere. Respiration, combustion of fossil fuels and decomposition all release carbon dioxide to environment. Photosynthesis removes carbon dioxide from the atmosphere.
- Green plants absorb carbon dioxide thus removing it from atmosphere during photosynthesis and converts it to glucose. Glucose can be converted to other carbon compounds or stored as starch.

- These carbon compounds are passed on to consumers through feeding.

- When consumers and green plants go through cellular respiration, carbon dioxide is released to atmosphere.

- When green plants and animals die, decomposers such as bacteria and fungi break down the dead organic matter into simpler substances and carbon dioxide is released to the atmosphere.

- Fossil fuels can be formed from dead matter after a sufficient long period of time.

- When combustion of fossil fuels take place, carbon dioxide is released to atmosphere.

- Carbon dioxide is thus maintained at constant level in atmosphere by carbon cycle which involves the movement of carbon in the form of carbon dioxide from atmosphere to green plants and then in the form of carbon compounds from green plants to consumers and finally back to atmosphere in the form of carbon dioxide.
- Carbon cycle also allows energy to flow through the ecosystem as light energy is trapped in the form of chemical energy in carbon compounds passed along the food chain from one organism to next organism.

Eutrophication
- Take note how eutrophication occurs.

- Sewage discharged from industrial or agricultural runoff into water bodies such as rivers or lakes contain nutrients such as phosphates and nitrates.

- There is an increase in the amount of algae growth in rivers or lakes resulting in blocking sunlight from reaching the water plants at lower depths of rivers or lakes.

- Water plants cannot receive enough sunlight to carry out photosynthesis to convert light energy into chemical energy to make food for themselves.

- Water plants die.

- There is increase in bacterial population as they decompose the dead water plants to break down the dead matter into simpler nutrients for their use and growth.

- Increase in bacterial population results in oxygen depletion in the water as they use up available oxygen for respiration.

- Other aquatic organisms such as fishes die.

- Bacterial population increase further as they are able to decompose more dead matter into simpler substances for their use and growth. 

- Oxygen gets further depleted until eventually most organisms die.

- Anaerobic bacteria then increase in numbers to decompose all dead matter and foul smelling gases are released such as hydrogen sulphide and ammonia.

- This process is called eutrophication.

Sewage treatment
- Take note outline of sewage treatment.
- Sewage water is channeled into a primary settling tank in water reclamation plants. 

- Heavy solids settle to bottom of tank and are removed as sludge.

- This partially treated used water is then channeled to an aeration tank with aerobic bacteria. Aeration provides oxygen needed by aerobic bacteria. Aerobic bacteria secrete enzymes to digest organic pollutants in the used water into harmless soluble substances and carbon dioxide is given off.

-This treated used water is then sent to a final settling tank where microorganisms are removed before the water is discharged into sea.

- Sludge that was removed earlier are channeled into anaerobic digesters where there are anaerobic bacteria to digest sludge. Foul smelling gases such as ammonia and methane are produced in the process. 

- Water is further removed from treated sludge and treated sludge is disposed as soil conditioner.    

Bioaccumulation
- Take note what happens in bioaccumulation.

- Pesticides used by farmers or domestic homes contain toxic chemicals such as DDT.

- DDT is non-biodegradable and stays in the environment for long period of time posing a risk of entering into the bodies of organisms when they feed on DDT contaminated food substances or water sources.

- DDT is also fat soluble and is easily stored in the fatty tissues of organisms.

- As DDT gets into the bodies of insects which feed on plants sprayed with pesticides, DDT is easily stored in the bodies and not excreted since it is fat soluble.

- DDT gets passed along the food chain as birds eat insects and birds are further eaten by organisms in higher trophic levels.

- As such, organisms at higher trophic levels get the most amount of DDT accumulated in their bodies to toxic levels causing death.

- This process whereby DDT accumulates in the bodies of organisms at higher trophic levels is called bioaccumulation.

Conservation
Reasons for conservation 
- Take note reasons for conservation such as:

1. to prevent extinction of plant and animal species
2. to maintain stable and balanced ecosystem preventing disruption to natural cycles such as carbon cycle and water cycle.
3. to maintain a large gene pool as many wild plants and animals posses favourable genes which can improve quality of agricultural produce by crossbreeding existing agricultural plants or animals with wild varieties.

4. to ensure conservation of marine life as they are a source of food.
5. to provide scientific and educational value as we can study wildlife to learn things such as natural selection and evolution. Some information can be applied to our needs.

6. to provide recreational and aesthetic value such as enjoyment of natural scenery during outdoor activities.

7. to maintain biodiversity as there are many plants and animals found in ecosystem which are economically important as they provide a source of raw materials for industries, medicinal drugs, natural insecticides and food. Some useful plants and animals have not been discovered by man so there is a need to maintain biodiversity to prevent loss of useful plants and animals.

Conservation of forests 

- Take note that felling of trees (deforestation) to produce timber or clearing of land for farming can help in global warming as trees are needed to remove carbon dioxide from atmosphere during photosynthesis.

- Thus, various governments control the amount of deforestation with laws and regulations.

- Laws and regulations include selective cutting of older trees and not younger trees and only cutting trees allowed in certain areas.

- There are also efforts to do reforestation by replanting trees.

- There are also forestry departments in various countries to look after forests ensuring no illegal deforestation and also maintaining health of the forests.   
Conservation of fishing grounds
- There are also governmental laws and regulations to manage fishing grounds or fisheries.

- This helps to prevent indiscriminate fishing and over-fishing thus ensuring sustainable fishing.
- Some regulations include the following:

1. banning use of drift nets which indiscriminately trap all marine organisms.

2. using nets with certain mesh size (hole size) to allow young fishes to escape while ensuring only adult fishes are caught.

3. regulating entry of ships into fisheries.

4. limiting period of fishing in fisheries.

5. banning fishing of endangered species.

6. encouraging raising up of endangered species in hatcheries and releasing them back to fishing grounds to replenish their decreasing populations.
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