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KEY AREA – PRODUCING NEW CELLS
· As organisms grow the number of cells they contain must increase. New cells are produced from existing cells by the process of cell division, known as mitosis.
· An organism has to produce new cells by cell division for the following reasons:
· To grow 

· To replace old cells 
· To repair damaged cells
· The nucleus of the cell controls all cell activities, including cell division.
· Cell division is important for single celled organisms as it is how they reproduce.  An amoeba simply divides into two and produces an identical copy of its self.

[image: image6.jpg]



· When any cell undergoes cell division it is the nucleus that must divide first as this contains the cells genetic material (DNA).  Once the nucleus has divided then the cytoplasm divides and a new cell membrane is formed around each new cell.  In plant cells a new cell wall is formed.
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· The cells that are formed at the end of cell division are called daughter cells and are identical to the parent cells in every way.

· Information (instructions for the cell) is stored in chromosomes found in the nucleus.  Each chromosome is made up of two chromatids which have the same DNA
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· The new cells produced by mitosis contain the same number of chromosomes and therefore the same genetic information as the original cell.

· Before a cell divides each chromosome must make an exact copy of itself.
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The Stages of Mitosis
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Maintaining Chromosome Number

· Every species has a characteristic number of chromosomes in all body cells. The number of chromosomes an organism has is called their chromosome complement. (See table below)
	Organisms
	Chromosome Complement

(Diploid number)

	tomato
	24

	bat
	44

	squirrel
	40

	goat
	60

	housefly
	12

	apple
	34


[image: image38.png]



[image: image39.png]



· Each body cell of an organism has a double set of chromosomes. For example, human beings have a chromosome complement of 46 chromes arranged in 23 matching pairs. These double sets of chromosomes make up the organisms diploid number.

· Sex cells are the only cells that do not contain a double set of matching chromosomes.  They contain only a single set. For example human beings have 23 chromosomes in their sex cells. A single set of chromosomes are the organism’s haploid number.

· It is essential that the number of chromosomes in the daughter cells (produced by mitosis) is identical to the parent cell.  This ensures that there is no loss of genetic information.
Cancer – When cell division is out of control!
· Cancer is a disease that originates in our own cells. A change in the DNA causes a special gene called an oncogene to be switched on. This leads to uncontrollable cell reproduction by mitosis. This results in cancer.
· The uncontrollable division of cells can result in a lump made up of a mass of cells called a tumour.
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Mitosis in a root tip
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Plants and animals grow in different ways.  In an animal cell division can take place in all parts of the animal’s body allowing the animal to grow all parts of its body.   In plants cell division and growth only occur at specific regions called meristems.  These are found in the root and shoot tips of a plant.
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Cell Production by Cell Culture
· Cell culture is the process of taking cells from an animal and plant and then growing them artificially in the laboratory. 

· There is a huge variety of reasons why scientists culture cells.  The following list gives a few examples:
· Cancer research

· Producing vaccines 

· Producing human proteins for therapeutic use

· Drug research

· Growing human tissues (eg Skin) for medical use

· Growing different types of microbes (eg bacteria)
· Cell culture is a complex process and requires the following to be provided:

	Sterile Conditions
	Aseptic technique must be carried out at all times to avoid contamination of the cell culture

	A suitable container
	Specialised containers have been developed to grow cells in

	Appropriate media
	Media is the name given to the material that provides all the nutrients (amino acids, carbohydrates, essential vitamins and minerals, hormones etc) required to grow cells.  Media comes in many different forms such as agar, broths and solutions.   Different types of cells have different growth requirements  and therefore media must be specifically made to include all essential growth factors

	Gases
	The entry of oxygen and removal of carbon dioxide from the cell culture vessels must be carefully controlled

	Environmental factors
	Temperature, pH and even air pressure must all be kept at the appropriate levels to suit the cells being grown
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KEY AREA – Cells, tissues and organs
· Multicellular organisms are made up of many cells which are arranged into tissues and organs.  
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Cells

   Tissues

   Organs
         Systems
      Organism
Tissues
A living tissue is made from a group of cells with a similar structure and function, which all work together to do a similar job. Examples of animal tissues include muscle and nervous tissue.  Plant tissues include xylem, phloem and root epidermis.
Organs
An organ is made up of a group of different tissues working to perform a particular function. Different organs carry out different functions.  Different examples of organs include the brain, heart, lungs, stomach and skin.  Plant organs include the stem, root, leaf and flower.
Organ systems
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An organ system is made up of a group of different organs that work together to do a particular Job.  Examples of organs systems in animals include the skeletal system, muscular system, respiratory system, nervous system and circulatory system.
· Cells can be specialised to perform a variety of functions.  The following four cells are good examples of how structure relates to its function. 
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KEY AREA – Stem cells and Meristems

· Stem cells are unspecialised animal cells involved in growth and repair. They are able to:

· Make copies of themselves

· Develop into various types of specialised cell
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· There are two types of stem cells:

Embryonic Stem cells – These are capable of developing into all types of cell types found in the human body.  They even have the potential to regenerate an entire organ from a few cells.
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Adult/tissue stem cells – these cells are found in various tissues in a fully formed human in locations such as the blood, bone marrow and the skin.  These cells have a more limited potential than embryonic stem cells, only being able to develop into cells from the tissue they came from.

Use of stem cells      (you have to be able to describe at least one use of stem cells)
Stem cells can be used to increase understanding of cell development. They can also be used therapeutically.  
Research is taking place into the possibility of growing stem cells which are then directed to develop into specific types of cells, providing a source of new cells, tissues and even organs for transplant.
· Brain diseases – Embryonic stem cells have been programmed to develop into brain cells to replace damaged ones caused by Alzheimer’s and Parkinson’s disease.

· Heart disease – this is another area which is being explored for treatment by stem cells. For example, the possibility of growing heart muscle cells from stem cells to treat patients who have damaged heart cells caused by disease.
· Type 1 diabetes – this results when the cells of the pancreas which normally produce insulin are destroyed by the person’s own immune system.  Investigations suggest that embryonic stem cells could be cultured to form insulin-producing cells which could be transplanted into people with diabetes.
Ethical issues with embryonic stem cells
Embryonic stem cell research is considered by some people as controversial as it generates a moral dilemma.  It forces a choice between two moral principles:
· To ease suffering by doing all we can  to improve medical treatments for illness

· Our responsibility to respect the value of a human life.

In the case of embryonic stem cell research, it is very difficult to respect both of these moral principles.  Embryonic stem cell research could lead to new medical treatments, which could save human lives and relieve suffering.  The counter point being to obtain embryonic stem cells an early stage embryo has to be destroyed meaning the loss of a potential human life.
Meristems
· In plants, cell division and growth only occur at specific regions called meristems.  These are found in the root and shoot tips of a plant.  
· Meristems are the sites of production of non-specialised cells in plants.  These cells have the potential to become any type of plant cell and they contribute to plant growth.
Root Meristem
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There are three distinct areas in the root tip where the cells are performing different activities.
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Shoot meristem
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· In animals cell division and growth occurs all over the body during development.  It is only in plants that cell division and growth are restricted to specialised areas called meristems.
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KEY AREA – Reproduction
Reproduction is the process by which species produce offspring.  Sexual reproduction involves the fusion of two gametes during fertilisation.
· Gametes are sex cells.  They are haploid meaning they contain a single set of chromosomes unlike body/somatic cells which are diploid meaning they contain a double set of chromosomes.
 Sexual reproduction in animals – human gametes

· [image: image83.png]


The male gamete sperm has one set of 23 chromosomes in its nucleus.  The female gamete, the egg (ovum) , also has one set of 23 chromosomes in its nucleus.
(diagrams not drawn to scale)
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· Fertilisation is the process in which the nucleus of the male haploid gamete fuses with the nucleus of the female haploid gamete to produce a diploid zygote.




Human Reproductive Organs

· Mammals, including humans, use internal fertilisation. The male has a special organ called the penis for placing sperm inside the female. Sperm are produced in the testes. During copulation (mating) the penis is inserted into the vagina and sperm are released. Female gametes are called ova and are produced in the ovaries. 





	Structure
	Function

	Ovary
	The production and release of ova.

	Oviduct
	Transport of ova from the ovary to the uterus

	Uterus
	Where the growing embryo implants and the foetus develops

	Vagina
	Entrance to the female reproductive system


	Structure
	Function

	Testes
	The production of sperm cells

	Sperm duct
	Transport of sperm from the testes to the urethra

	Urethra
	Transport of semen (sperm + other fluids) out of the penis.

	Penis
	Organ used for copulation.  To deposit semen into the female reproductive tract.


· Fertilisation takes place in the oviduct
· The journey a sperm would take is as follows:

testes          sperm duct          urethra           vagina          uterus          oviduct
Sexual reproduction in flowering plants
· In flowering plants, gametes are produced in the flowers.  Male gametes are inside the pollen grains produced in the anthers of flowers.  Female gametes are inside the ovules produced in the ovaries.  
· Pollination is the transfer of pollen from the anther to the stigma. Pollen can be transferred by the wind or by insects.  Wind pollinated flowers have a different appearance and form from insect pollinated plants
Flower Structure (insect pollinated)








Flower Structure (wind pollinated)




	Part of Flower
	Function

	sepal
	Protects the flower bud before opening

	petal
	May be used to attract insects (often brightly coloured)

	Anther
	Produces pollen grains which contain the male gamete

	Stigma
	Where pollen grains land

	Ovary
	Produces ovules 

	Ovule
	 Contains the female gametes


· During pollination, pollen grains are carried by wind or insect and land on the stigma of a flower of the correct species.   A pollen tube grows into the ovary, where it reaches an ovule.  The nucleus of the pollen grain then fuses with the nucleus of the ovule.


KEY AREA – Variation & Inheritance

Variation

· During fertilisation, genes from each parent are passed onto their offspring.  This means that sexual reproduction results in a new organism that is different from all the other members of its species.   Differences between members of the same species are called VARIATIONS.
· There are two types of variation:
DISCRETE variation – These are differences that are ‘clear –cut’ and can be easily put into distinct groups.  The ABO blood group system is a good example of discrete variation in humans.  Every person can be placed into one of the blood groups A, B, AB, or O.

Discrete characteristics are determined by single genes.
CONTINUOUS variation – These are differences that have a range of values and therefore cannot easily be placed in groups.   For example; the differences in the height of people in a Graeme High School S4 class.




An easy way to work out if a variation is continuous is to ask yourself can this difference be measured.  If it can, then it is a continuous variation.

Traits that show continuous variation are polygenic – they are controlled by many genes.

REMEMBER – DISCRETE variations can be easily separated into distinct groups and CONTINUOUS variations can be measured.  The table below gives examples.
	DISCRETE
	CONTINUOUS

	Attached or detached ear lobes in humans
	Shell diameter in limpets

	Tongue rolling ability in humans (roller or non-roller)
	Height of emperor penguins

	Gender of chickens

(male or female)
	Fruit fly wing length

	Fingerprint type in humans

(loop, whorl, arch or compound)
	Milk yield in cattle

	Seed shape in peas
(round or wrinkled)
	Resting heart rate in humans

	Eye colour in fruit flies
(red or white)
	Length of petals in daisy flowers


Presentation of data
The data obtained from a survey of a characteristic that shows discrete variation is normally presented as a bar graph with each distinct group represented by a separate bar.
The data obtained from a survey of characteristics that show continuous variation (for example height) are best displayed as a histogram or line graph.
Height histogram

Height line graph

Inheritance/Genetics
Genetics is the study of variation and inheritance and it has its own language.  To understand genetics requires knowledge of the terms and language used.Below is a summary table that defines the genetic terms.  To make things easier we will use the allele for the ability to roll the tongue as the example.

R – Tongue Roller

r- Non-roller

	TERM
	DEFINITION MEANING

	gene
	A single piece of genetic information made from DNA.  It carries the information to create a particular characteristic.

	allele
	Two or more forms of the one gene.  E.g.  There are two forms of the tongue rolling gene: Tongue Roller and Non-Roller

	phenotype
	This is a description of a characteristic as it appears in an individual.  E.g. Jim is a Tongue Roller.   Phenotype = physical characteristics of an organism.

	genotype
	The genes an organism has.  Always denoted by letters E.g. There are three possible genotypes for the tongue rolling allele:        RR             Rr             rr

	Dominant
	Dominant alleles always are expressed in the appearance of an organism, even if there is only one copy present.   A dominant allele masks the expression of a recessive allele.   Dominant alleles are always represented by a capital letter
R – tongue roller

	Recessive
	Recessive alleles only show up/are expressed if they are paired with another recessive allele E.g. rr.  This individual is a non roller.  The expression of recessive alleles is masked if a dominant allele is present.   Recessive alleles are always represented by a small letter

R – non roller

	Homozygous (true breeding)
	If the two alleles that an organism possesses are the same then the organism is said to be Homozygous.
E.g  RR and rr are homozygous genotypes

The term ‘true breeding ‘ means the same as homozygous

	Heterozygous
	If the two alleles that an organism possesses are different then the organism is said to be heterozygous. E.g  Rr is a heterozygous genotype


Monohybrid crosses
· Monohybrid crosses involves a cross between two parents (of the same species) that have one characteristic difference as result of a particular allele.  For example a cross between a red eyed fruit fly and a white eyed fruit fly.  The parents in such crosses are often true breeding.
The generations are labelled:

P  - parents
F1  - First Filial Generation
   i.e.  offspring of P generation
F2 – Second Filial Generation
 i.e. offspring of the F1 generation
Example Cross 1       
 A homozygous red eyed fly is crossed with a white eyed fly and their offspring are allowed to breed

E – red eyes

e – white eyes
P ( parents)

(Phenotype)
Red Eyes
White Eyes


           (Genotype)
EE
    x
     ee
G (gametes)
          


(all )  E

(all)  e
F1                                              (Phenotype)                  all RED



(Genotype)

all  Ee
F1  self cross



 Ee            x
      Ee
G (gametes)



E and e

    E and e

	Gametes
	E
	e

	E
	EE
	Ee

	e
	Ee
	ee


 Punnet Square:

F2  phenotype ratio             3RED : 1 WHITE

· Single gene crosses like the one shown above always produce a 3:1 ratio in the F2 generation.  The table below shows other possible crosses and the expected ratios.
	RATIO
	Expected when crossing...
	Example (genotypes)

	All offspring have dominant phenotype
	Homozygous/true breeding dominant with true breeding recessive
	EE x ee

	3 dominant : 1 recessive


	Two heterozygous individuals
	Ee x Ee

	All offspring have recessive phenotype
	Two recessive individuals


	ee x ee

	1 dominant : 1 recessive


	Heterozygous individual with double recessive
	Ee x ee


· Actual or observed results/ratios often differ from the predicted numerical results. This is because:
*fertilisation is a random process involving the element of chance

And /Or

*The sample size of the offspring studied was too low 
Use of family trees

A family tree can be used to trace and predict the inheritance of 
characteristics within the family. 
· It is possible to work out the genotypes of the individuals in a family tree. Always start with the individuals who show the recessive phenotype.


· Family trees may be constructed and used by a genetic counsellor when advice is needed by a couple concerned about passing on a genetic disorder (known to exist in their families) to their children.  Cystic Fibrosis is one such disorder.
C – Normal (no CF)

c – Cystic Fibrosis
	Genotype
	Phenotype

	CC
	Normal

	Cc
	No CF but carrier

	cc
	CF



The family tree below shows how the genotypes of Rob, Jane, Shane, Paula and Keith can be deduced.



KEY AREA – The need for transport in plants
The movement of water and minerals
· Plants require water as it is a raw material for photosynthesis.  Water is used to transport essential minerals around plants and also to keep the cells of the plant turgid. It can also help to keep plants cool when it evaporates from leaves.
· There is a continuous movement of water from the roots of a plant to the leaves.  This movement of water through a plant is called transpiration stream.  
· Water and minerals from the soil first enter a plant through structures called root hairs by osmosis.  The water then moves (by osmosis) across root epidermis cells, then root cortex cells until it reaches the xylem vessels which will transport it up to the leaves.  (see diagram below)

SOIL                ROOT HAIR              ROOT EPIDERMIS                ROOT CORTEX               XYLEM                LEAF CELLS                                    
· The xylem vessels carry water to the leaves where it is transported to photosynthesising cells in the leaf called mesophyll cells.  Water moves from cell to cell by osmosis.

Leaf Structure










Leaf structures and functions
	Section in Leaf
	Function

	Waxy cuticle
	Waterproof layer which prevents evaporation of water vapour from upper leaf surface

	Upper epidermis
	Protective layer which is transparent to let light through

	Palisade mesophyll
	The main site of photosynthesis; these cells contain lots of chloroplasts

	Spongy mesophyll
	Cells that also carry out photosynthesis, surrounded by  air spaces to allow gases to reach all leaf cells

	Leaf vein
	Contains xylem and phloem, which allow water and sugar to be transported into and out of the leaf

	Lower epidermis
	Protective bottom layer which contains guard cells which form tiny pores called stomata

	Guard cells
	Control the opening and closing of stomata

	Stomata
	Tiny pores that allow gases to enter and exit the leaf.  Water vapour evaporates out of these pores


· Water not used by the mesophyll cells for photosynthesis diffuses out of the cells and evaporates out through pores called stomata.  This loss of water from plant leaves is called transpiration.  This loss of water by evaporation through the stomata is essential and is required to set up the forces required to draw water up the xylem vessels.
Transpiration
· The loss of water through the stomata is called transpiration.
· The following experiment could be set up to investigate the effects of different factors on the rate of transpiration.






As the plant transpires (loses water by evaporation) the reading on the balance will decrease.  The oil layer prevents water evaporating from the flask.
The following factors affect the transpiration rate:

· Temperature – an increase in temperature increases transpiration rate

· Wind speed – an increase in wind speed increases transpiration rate
· Light – an increase in light intensity, increases transpiration rate

· Humidity – an increase in air humidity decreases transpiration rate
Plant transport tissues
· Plants have two types of transporting tissue:

Xylem vessels - These tissues are responsible for the movement of water and minerals from the roots to the leaves of the plant.

Phloem tubes - These tissues are responsible for transporting sugar throughout the plant.

                     Xylem






      Phloem                                                                                

	XYLEM
	PHLOEM

	· Transport water (raw material of photosynthesis) and minerals from the roots to the leaves

· Hollow non-living vessels

· Walls composed of lignin

· Give  plants structural support
	· Transports sugar (product of photosynthesis) from the leaves to other parts of the plant
· Living tissue containing sieve tubes controlled by large companion cells


KEY AREA – The need for transport in animals

The heart and circulation

· In mammals, nutrients, glucose, carbon dioxide and other wastes are transported around the body in the blood.
· The heart is a muscular pump which pumps blood around the body.  The heart and blood vessels make up the circulatory system.
Heart structure

· The heart has four chambers. There are two atria (top chambers of the heart),the right atrium and the left atrium and two ventricles(bottom chambers of the heart), the right ventricle and left ventricle
· The heart has four valves which prevent the backflow of blood, ensuring that blood only flows in one direction

· Blood enters and leaves the heart via major blood vessels.  Veins transport blood into the heart under low pressure and arteries take blood away from the heart under high pressure.

· The RIGHT side of the heart contains DEOXYGENATED blood. The LEFT side of the heart contains OXYGENATED blood.







Blood Flow

· Deoxygenated blood from the body enters the right atrium by the main vein called the vena cava. The right atrium contracts, pumping blood into the right ventricle. Contraction of the muscular ventricle wall forces blood into the pulmonary artery.  This vessel carries blood from the heart to the lungs where it takes up oxygen.  Oxygenated blood from the lungs returns via the pulmonary vein to the left atrium.  The blood is then pumped into the left ventricle which contacts forcing blood into the aorta which transports blood to all parts of the body.
(Deoxygenated blood)
Vena cava (from the body) ( right atrium ( valve (right ventricle ( valve ( pulmonary artery (lungs  
(Oxygenated blood)

Lungs ( pulmonary vein ( left atrium ( valve ( left ventricle ( valve ( aorta ( body 





Human circulatory system

· The human circulatory system is a double circulation where the blood flows through the heart twice for each complete circuit.




The coronary arteries

· The heart muscle requires its own blood supply to provide it with oxygen and glucose for respiration.  Oxygenated blood is provided by the coronary arteries, which can be seen on the outside of the heart.


· Heart disease results if the coronary arteries become narrow or blocked.  A heart attack occurs when a coronary vessel becomes blocked.  The region of the heart muscle it supplies is starved of oxygen and dies.
Pulse
Each time the heart ‘beats’, blood is pumped into the arteries at high pressure.  This produces a wave of pressure that can be felt as a pulse beat in an artery that comes near to the surface of the body.
HEART RATE = PULSE RATE

Blood vessels

· There are three main types of blood vessels: arteries, veins and capillaries. The structure of each type of blood vessel is suited to its specific function.
	Blood Vessel
	Diagram
	Structure/Function

	Arteries
	

	· Transport blood  (under high pressure) away from the heart
· Thick muscular walls to withstand high pressure

· Have a pulse

	Veins
	

	· Return blood ( under low pressure) back to the heart
· Thin walls and wider central channels (lumen)

· Contain valves to prevent backflow of blood

	Capillaries
	

	· Link  between arteries and veins
· Form networks in body tissues

· Exchange of materials occurs between capillaries and respiring cells

· Microscopic –their walls are only one cell thick



The role of blood in transport

· Blood consists of two parts:
· Plasma – liquid part of blood that contains dissolved materials

· Blood cells – red blood cells for transporting oxygen and white blood cells that are part of the body’s immune system

· Blood is used to transport glucose, amino acids, carbon dioxide, oxygen, urea and hormones.  

	Substance
	How it is transported
	Use in the body

	Oxygen
	In the red blood cells
	Used in respiration to release energy from glucose

	Glucose
	Dissolved in the plasma
	Used as an energy source in respiration

	Carbon dioxide
	Most in the plasma and a little in the red blood cells
	Waste product produced during respiration

	Amino acids
	Dissolved in the plasma
	Used to make proteins

	Urea
	Dissolved in the plasma
	Waste material  produced from the breakdown of excess amino acids

	hormones
	In the plasma
	Chemical messengers produced by glands that bring about different effects throughout the body



Red Blood Cells
***Red blood cells are specialised to carry out their function***


Function: To transport oxygen from the alveoli (air sacs) to all respiring cells

Shape: Biconcave, giving an increased surface area for oxygen uptake

Size:  7um in diameter...their flexibility allows them to fit through  

          
capillaries of the same diameter

Production:  In the red bone marrow from blood stem cells
Lifespan:  120 days and then they are destroyed in the liver and spleen

Haemoglobin:  RBC’s contain a protein called haemoglobin which combines 

                 with oxygen to form oxyhaemoglobin (in the lungs).  

    
                 Oxyhaemoglobin then release its oxygen when moving through 
                 respiring tissues.
White blood cells

White blood cells are part of the immune system that are involved in destroying pathogens (a bacterium, virus or other microorganism that can cause disease). 
There are 2 main types of cells involved: Phagocytes and lymphocytes.

Phagocytes carry out phagocytosis by engulfing pathogens. 

Lymphocytes produce antibodies which destroy pathogens. Each antibody is specific to a particular pathogen.


The reaction between haemoglobin and oxygen can be represented below
OXYGEN + HAEMOGLOBIN




OXYHAEMOGLOBIN
 The lungs

· The lungs are where the gases oxygen and carbondioxide are exchanged between the blood and the air.








· When a breath is taken in, air enters the breathing system through the nose and mouth. It then passes down the trachea to the lungs. As the air moves into the lungs, it travels through a series of smaller branched passages: first the bronchi (singular: bronchus) and then the bronchioles.  At the end of the bronchioles are air sacs known as alveoli (singular: alveolus).  In the alveoli, oxygen moves into the blood and carbon dioxide moves out of the blood (both by diffusion).  This is gas exchange. The larger airways (trachea, bronchi) are supported by rings of cartilage to ensure the airway is always kept open.
Gas exchange in the alveoli

· The alveoli in the lungs are microscopic.  They have a number of features that ensure that gas exchange is efficient:
· There are millions of alveoli in the lungs, providing a large surface area for diffusion to take place.
· The walls of the alveoli are only one cell thick, allowing rapid diffusion as the gases travel short distances.

· The lining of the alveoli is moist to allow gases to dissolve before they diffuse.
· The alveoli are surrounded by a dense network of capillaries, giving them a good blood supply.
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· There is a higher concentration of oxygen in the air within the alveoli than in the blood so oxygen diffuses from the alveoli into the blood.  There is a higher concentration of carbon dioxide in the blood than in the alveoli so carbon dioxide moves from the blood into the alveoli.
Keeping the lungs clean
· The trachea, bronchi and bronchioles are lined with two types of specialised cells:

GOBLET CELLS – These cells produce sticky mucus that traps particles of dirt and any microorganisms that are breathed in.

CILIATED CELLS – These cells have hair like projections called cilia which can ‘beat’ (move).  The constant movements of the cilia sweep the mucus and any trapped materials away from the lungs and towards the back of the throat where they can be swallowed and destroyed in the stomach.


Digestion
· Digestion is the process in which large insoluble food molecules are broken down into small soluble food molecules by the action of enzymes so that the soluble food can be absorbed into the blood.
Food Groups
· The main food groups in the diet are carbohydrates, fats and proteins.  
	Food Group
	Use
	Example of enzyme action
	Final product after digestion

	CARBOHYDRATE
	To provide energy. 

	
       Starch                         Maltose
	GLUCOSE

	PROTEINS
	Growth and repair of tissues
	
       Protein                    Amino Acids
	AMINO ACIDS

	LIPIDS

(FATS)
	To provide energy/Thermal insulation/Vitamin transport
	
Lipids                    Fatty acids + Glycerol
	FATTY ACIDS & GLYCEROL


Foods rich in (starch) carbohydrate include bread, potatoes, pasta and rice
Foods rich in protein include meat, cheese, fish and nuts

Foods rich in fats include butter and olive oil

The digestive system

· The alimentary canal is a long, muscular tube that runs from the mouth to the anus.  As food travels through the alimentary canal digestion takes place.








Peristalsis
· Food is moved along the digestive system by a series of muscular contractions called peristalsis.  Muscles in the wall of the digestive system contract behind the food where as muscles in front of the food relax allowing the food to be squeezed along.

The absorption of food in the small intestine

· The process of digestion is completed in the small intestine.  Soluble food molecules pass through the small intestine wall and enter the bloodstream and lymph system.  This process is known as absorption.

· After digestion is complete, the following products of digestion are in the small intestine.
· Glucose
· Amino acids
· Fatty acids and glycerol
· The structure of the small intestine allows very efficient absorption to take place as it is long and the inner lining is folded and has many finger-like projections called villi.
· Villi have the following features that ensure absorption of the products of digestion (soluble foods ) are absorbed efficiently

	Feature of  villi
	Benefit 

	The lining is one cell thick
	Allows the rapid diffusion of soluble foods

	Large surface area
	Increased surface area for increased absorption

	Blood capillary present
	Ensures a good blood supply is present to receive and transports absorbed glucose and amino acid molecules

	Lacteal present
	Ensures that products of fat digestion can be absorbed into the lymph system


Internal structure of a villus






KEY AREA – Control and communication

Communication

Internal communication is required for survival of a multicellular organism. Cells in multicellular organisms do not work independently. 

Communication occurs through; Nerve messages and Hormones
Nerve messages

· These are electrical impulses carried in specific nerves

· The messages travel quickly

· Effect of message is short lived 
 Hormones 

· These are chemical messages carried in the blood.

· The blood carries the messages all over the body but they target certain organs.

· The messages travel slowly.
· The effects are longer lasting
The nervous system
· The nervous system of mammals has two main parts: the central nervous system (CNS), which consists of the brain and spinal cord, and the nerves (neurons), which connect the CNS to all parts of the body.

Types of neurones
· There are 3 types of neurone (nerve cell).







Route travelled by nerve impulses

· Electrical impulses travel to the CNS via the sensory neurone. The CNS processes information from our senses which needs a response. The information will pass to the relay neuron within the CNS. Impulses pass to the motor neurone which will carry them to the muscle or gland where action will be taken.


Synapse – tiny gaps 

· These are the gaps between neurons where chemicals are released to trigger an impulse in the next neuron. 
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Reflex actions

· A reflex action is a rapid automatic response to a stimulus (anything an organism can detect). Reflex actions are involuntary and do not necessarily involve the brain. 

· Reflex actions protect the body from further damage by allowing it to react quickly to stimuli, such as high temperatures, that may be harmful.
· Reflex actions are quick because there is a direct link in the spinal cord called a relay neuron between the sensory neuron and a motor neuron that causes a muscle to makes the protective response.

· The circuit of the neurons that act to produce the reflex action is called the reflex arc.
Reflex arc

· The order of neurons in a reflex arc is:

SENSORY

RELAY


MOTOR


Step 1 – Sense organs in the skin detect pain.
Step 2 – Nerve impulse carried by a sensory neurone into the CNS.

Step 3 – Impulse transferred across a synapse to a relay neurone and then 
  
    across another synapse to the motor neurone.
Step 4 – Impulse travels along a motor neurone to a muscle.

Step 5 - Muscle contracts and limb is withdrawn (from harmful stimulus)

Structure of the brain

The cerebrum is the large folded area of the brain and is responsible for conscious thoughts, reasoning, memory and emotions.

The cerebellum is found at the rear of the brain below the cerebrum and controls balance and coordinated movement. 

The medulla is found at the top of the spinal cord and contains groups of neurons that transmit electrical impulses to the heart and lungs to control heart rate, breathing rate and peristalsis

· The CEREBRUM is the large folded area of the brain and is responsible for conscious thoughts, reasoning, memory and emotions.
· The CEREBELLUM is found at the rear of the brain below the cerebrum and controls balance and coordinated movement. 
· The MEDULLA is found at the top of the spinal cord and contains groups of neurons that transmit electrical impulses to the heart and lungs to control heart rate, breathing rate and peristalsis. 

Endocrine System
· In animals, endocrine glands produce hormones (chemical messengers) and secrete them directly into the bloodstream.  Hormones travel in the blood to ‘target tissues’ where they bring about a response.


· Target tissues have cells with receptors for hormones, so only some tissues are affected by specific hormones. The target cell has specific receptors and the hormone fits the receptor on the target cell only.

· Since hormones are transported in the blood, hormonal control is slower than nervous control.


Blood Glucose Regulation
· The concentration of glucose in the blood must be kept at a set point. 

· If the blood glucose concentration rises too high then the water concentration of the blood will fall and water will diffuse out of cells by osmosis. This may interfere with cell reactions. 

· If the blood glucose concentration falls too much, then body cells will not receive as much glucose and so will not be able to release as much energy in respiration. 

Two hormones are involved in controlling blood glucose levels.

1. Insulin
· This is produced by the Pancreas.  It is carried in the blood to the target organ - Liver. 
· Insulin causes the liver to take up glucose from the blood and convert it to a storage carbohydrate called glycogen and therefore reduces the levels of glucose in the blood.

Insulin

Glucose                                            Glycogen

        2. Glucagon 
· This is produced by the Pancreas.  It is carried in the blood to the target organ - Liver. 
· Glucagon causes the liver to convert the storage carbohydrate glycogen to glucose and therefore increases the levels of glucose in the blood.

Glucagon

Glycogen                                                  Glucose

Blood glucose levels in the body stay at a constant level. Varying levels of insulin and glycogen are produced depending on whether a person has just eaten or has used up lots of energy. 
The diagram shows how the concentration of glucose in the blood is regulated.

Diabetes

Diabetes is a condition in which blood sugar regulation fails.  This is caused by a communication pathway failure which results in a fault in the release of insulin or in a failure to respond to insulin.
The main symptoms of undiagnosed diabetes can include:

· passing urine more often than usual, especially at night 

· increased thirst 

· extreme tiredness 

· unexplained weight loss 

· slow healing of cuts and wounds 

· blurred vision

Types of diabetes
Type 1 diabetes

· Type 1 diabetes usually develops early in life and is the most common type of diabetes in children. It occurs when the body is unable to produce any insulin. 

· Type 1 diabetes is treated with insulin injections, or by using an insulin pump. 

Type 2 diabetes

· Type 2 diabetes is the most widespread form of the condition and usually develops later in life.   It accounts for 90% of diabetes cases in Scotland and is linked to lifestyle choices involving a diet leading to obesity
· This develops when the body is unable to make enough insulin, or when the insulin that is produced does not work properly (known as insulin resistance).

· Type 2 diabetes can be treated with diet and physical activity alone, or combining these with tablets which lower glucose levels in the blood.

·  Due to the progressive nature of the condition, insulin treatment may be required later in life.
KEY LEARNING POINTS – MULTICELLULAR ORGANISMS
**KEY LEARNING POINTS – CELLS, TISSUES & ORGANS**
I can state that multi-cellular organisms are composed of many cells

I can describe the levels of organisation found in multicellular organisms to include: 

(i) cells 

(ii) tissues 

(iii) organs 

(iv) organ systems 

(v) organisms

I can state that cells and organisms require the same basic necessities of life: 

(i) oxygen 

(ii) nutrients 

(iii) waste removal

I can explain the term specialisation and give examples of specialised cells within the body
**KEY LEARNING POINTS – STEM CELLS & MERISTEMS**
I can explain that stem cells are the sites of production of specialised cells.

I can discuss the potential these cells have to become different types of cell.

I can state that stem cells are involved in growth and repair and can research their use for therapeutic reasons.

I can explain that meristems are the site of production of non-specialised cells in plants and identify these as the only site for cell division in a plant.

I can state that these cells have the potential to become any type of plant cell and that they contribute to plant growth.

I can research and participate in discussions about ethical issues associated with the use of stem cells.

**KEY LEARNING POINTS – PRODUCING NEW CELLS**
I can explain the meaning of the term diploid and the importance of maintaining chromosome complement after cell division.
I can describe the sequence of events of mitosis, including the terms equator and spindle fibres.

I can describe the factors required for the production of cells by cell culture including aseptic techniques, an appropriate medium and control of other factors. 

**KEY LEARNING POINTS – REPRODUCTION**

I can describe gametes as sex cells 

I can identify the sites of gamete production in animals and plants

I can describe the differences between male and female gametes in animals and plants

I can state the term haploid (single set of chromosomes)

I can describe the process of fertilisation (two gametes fuse to produce a diploid zygote)

**KEY LEARNING POINTS – VARIATION & INHERITANCE**

I can explain and give examples of continuous and discrete variation.

I can give examples of continuous and discontinuous variation.

I can define the terms genotype and phenotype

I can explain the terms dominant and recessive characteristics and explain the term allele

I can describe the term phenotype and give examples of phenotypes 

I can identify homozygous and heterozygous individuals and carry out monohybrid crosses

I can identify carrier individuals (heterozygous individuals) using pedigree charts/ family trees

	**KEY POINTS – TRANSPORT SYSTEMS IN PLANTS AND ANIMALS **

I can state the need for plants to have a transport system

I can describe how water moves from the soil into plant cells including movement from the  root hairs, guard cells, stomata, epidermis, mesophyll cells

I can explain  the meaning of transpiration in terms of water being lost from the stoma in the leaves

I can describe how the stomata opening and closing is controlled by guard cells

I can identify and explain the function of a xylem vessel and why xylem vessels contain lignin

I can identify and explain the function of phloem cells

I can explain  the need for transport and exchange systems in animals

I can describe the role of the heart making reference to the delivery of materials

I can describe the pathway of blood through  the heart, lungs and body  to include the right and left atria and the ventricles

I can identify blood vessels and explain their role in circulation: aorta, vena cava, pulmonary arteries and veins and coronary artery

I can compare the structures of arteries, veins and capillaries

I can explain the features of a capillary network and discuss how they allow efficient exchange of materials

I can describe the features of red blood cells and explain how they are specialised to carry oxygen ( contain haemoglobin)
I can explain the role of the lymphocytes and phagocytes.
I can describe the role of the lungs in gas exchange

I can describe the structure of the lungs making reference to the trachea, bronchus, bronchioles and alveoli and describe the pathway taken by a molecule of oxygen

I can describe the features of alveoli and explain how the alveoli are adapted to allow rapid diffusion of gases

I can explain the role of cilia and mucus cells to keep the respiratory pathways clean

I can describe the structure of the digestive system and describe the route taken by food when being digested

I can explain the mechanism of peristalsis and describe how food is moved along the gut, making reference to the surrounding muscles

I can explain how villi are adapted to suit their function of absorption and identify where glucose, amino acids and the products of fat digestion are absorbed 





After chromosome replicates





The nuclear membrane is broken down and the chromosomes move to the middle of the cell (equator).  The spindle fibres attach to the centromeres.





The chromosomes shorten, thicken and are now visible.





The chromosomes are not yet visible as they are uncoiled.  The DNA is replicating preparing for division.
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Two new daughter cells are formed containing the same number of chromosomes as the parent cell.





New nuclear membranes form around the chromosomes.  The cytoplasm begins to divide to make two identical daughter cells.





The spindle fibres contract.  Chromatids are pulled apart and move to opposite ends (poles) of the cell.





Human Chromosomes








 Sperm cells are the male sex cells in animals.  Their function is to swim towards the female sex cell (ovum), penetrate through its membrane and fertilise it.


The following structures allow the sperm cell to achieve its function.   It has a tail for swimming inside the female reproductive tract.  This requires lots of energy so sperm cells contain many mitochondria (the site of aerobic respiration) producing the energy required to move the tail.


Sperm cells penetrate their way through the membrane by releasing powerful digestive enzymes.  These are contained in a structure on the head of the sperm called the acrosome. 








Red blood cells


The function of a red blood cell is to transport oxygen from the air sacs in the lungs to all respiring tissues.


Red blood cells are bi-concave in shape giving them a large surface area enabling them to carry the maximum quantities of oxygen.  They are 7.5µm in diameter, the same diameter of an average capillary and therefore require to be flexible to pass through capillary beds.  Mature red blood cells do not have a nucleus this means there is more space for haemoglobin.  Haemoglobin has the remarkable ability to attract oxygen when in the lungs and then let it go when in tissues which require oxygen for respiration.














Phloem tissue is found in plants and is part of the transport system of a plant. The function of phloem is to transport sugars from the leaves where the sugar has been produced to other parts of the plant. 


Phloem is largely composed of sieve tubes which are continuous system of cytoplasmic strands that allow the sugars to travel throughout the plant.  Phloem tissue also contains companion cells.  Their function is to control the sieve tube.


































































































Root tissue is composed of two types of cells:


Epidermal cells have a box like shape allowing the cells to be tightly packed.  This structure helps to protect the root.


Root hair cells have long extensions that present a large surface area within the soil allowing the cell to absorb the maximum volume of water.








Root hair cell





Root epidermal cell





Root with root hairs





Human embryo





Area 3: Differentiation


Specialised cells are formed here. Xylem & Phloem tissues develop.








Area 2: Elongation & Vacuolation


The cells form vacuoles and become longer.





Area 1: Meristem


Mitosis takes place here. Unspecialised cells are produced.





Root Cap


Protects the root tip








This is the meristem.  It is here that the non- specialised cells are produced by mitosis





The cells elongate and form vacuoles in this area





In this area the cells become specialised forming tissues such as xylem and phloem





ovum nucleus containing 23 chromosomes


n = 23





Sperm nucleus containing 23 chromosomes


n = 23





Female


OVUM( Haploid gamete)


n= 23





Male


SPERM( Haploid gamete)


n= 23





Remember....A zygote is the first cell formed after fertilisation





FERTILISATION





ZYGOTE (Diploid)


2n= 46
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CONTINUOUS





Height is a continuous variation
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WAXY CUTICLE





UPPER EPIDERMIS





PALISADE MESOPHYLL





SPONGY MESOPHYLL





(MOIST) AIR SPACE
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PULMONARY ARTERY
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LEFT SIDE
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RIGHT SIDE


Deoxygenated














LEFT VENTRICLE





pulmonary vein
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coronary artery





Haemoglobin





In the blood capillaries of the lungs





In the blood capillaries of the body tissues





rings of cartilage





trachea





brochus





bronchioles





alveoli





Mucus containing trapped dirt and microbes is swept up and away from the lungs by the ‘beating’ cilia





amylase





pepsin
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mouth





salivary glands





oesophagus





liver





stomach





gall bladder





pancreas





large intestine





small intestine





appendix





rectum





anus





Lining only one cell thick


Allows rapid diffusion 





BLOOD CAPILLARY


Glucose and amino acids absorbed here





LACTEAL


Fatty acids and glycerol are absorbed here





Products of lipid digestion transported in the lymph








Products of carbohydrate and protein digestion transported in the blood steam








The SENSORY nerve cell or neurone carries electrical impulses from the sensory organ INTO the CNS








The MOTOR neurone carries impulses FROM the CNS to a muscle or gland.


 The response may be a rapid action from a muscle or a slower response from a gland 








A RELAY neurone is only found within the CNS. It TRANSFERS impulses from sensory neurones to motor neurones
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**KEY POINTS – CONTROL AND COMMUNICATION**





I can describe the structure and functions of different parts of the brain, including cerebrum, cerebellum, and medulla





I can state that the nervous system is composed of the brain, spinal cord and nerves 





I can state that nerves carry impulses from the senses to the central nervous system and impulses from the central nervous system to the muscles





I can state that internal communication between cells is important for survival in multicellular organisms





I can describe how a reflex action works, using a simple model of a reflex arc.





I can describe the role of sensory and motor neurons, synapses and neurotransmitters 





I can describe the role of hormones in the body and the role of endocrine glands 





I can state that hormones have target tissues on which they exert their effect 





I can explain the importance of balancing glucose in the blood 





I can describe the role of insulin and glucagon in balancing blood glucose concentration.





I can discuss the factors that can contribute to diabetes and research possible treatments
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