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   (National 4 and 5)

a) b) Mitosis
Normal cells in humans contain 46 chromosomes in the nucleus, which is 23 pairs of chromosomes. In other words normal body cells contain two sets of chromosomes. 
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Any cell that contains two matching sets of chromosomes is said to be diploid. 

The process of mitosis is essential to provide new cells to allow organisms to grow and repair damaged parts.  During mitosis, the parent cell divides to produce two identical cells, which contain the same number of chromosomes as the parent cell.

Cancer is caused by uncontrolled cell division.

The sequence of events of mitosis ensures that no genetic information is lost.  We say that it maintains the diploid chromosome complement of a cell.  This means that every new cell produced has two copies of every chromosome.
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	Stage
	Description

	1-2
	The chromosomes replicate to form two identical chromatids.

The chromosomes coil up and become short and thick.

	2-3
	The chromosomes line up along the equator of the cell, the spindle fibres form and the nucleus disappears.  The spindle fibres attach to the chromosomes

	3-4
	The spindle fibres pull the chromatids of each chromosome apart to opposite poles of the cell

	4-5
	The new nuclear membranes form and then the cytoplasm divides

	5-6
	Two daughter cells are formed, each containing the same number of chromosomes as the original cell.  These cells are identical

	6-1
	The cell grows before it repeats the process


c) Stem Cells

Stem cells are cells that can divide and have the potential to become different types of cell.  Specialised cells originate from stem cells and so stem cells are involved in growth and repair.

There are two main types of stem cells

· Embryonic stem cells are found in embryos and have the potential to become any type of cells in the organism.

· Adult stem cells are found in tissues and organs and they can only form the type of cell of the organ they are found in.  For example stem cells found in the bone marrow can only go on to become one of the types of blood cell. These stem cells are responsible for making new cells for growth and repair.

There are many uses in medicine for stem cells:

	Source of Stem Cell
	Medical Use

	Bone marrow
	Treating leukaemia with a bone marrow transplant.  In leukaemia there is an overproduction of white blood cells.  The patient is given chemotherapy or radiation to destroy their cancerous cells and then they are given donor bone marrow stem cells to replace their own

	Skin
	A small sample of skin is taken close to the site of injury.  The stem cells are isolated and cultured and mixed with a special liquid.  They are then sprayed onto the damaged area to regenerate the missing skin.  Since the new cells are form the patient own body there is no risk of rejection.

	Bladder
	Whole new organs like a bladder can be grown for people who have had an injury or a disease. Simple organs can be built using stem cells from the person’s body and special scaffolding to provide a framework for the cells. 


In the future stem cells may be used to treat conditions such as spinal cord injury, Alzheimer’s disease and diabetes.

There are ethical issues involved with the use of embryonic stem cells.  Embryonic stem cells come from embryos created in a lab and the embryo is destroyed in the process.  This means that the use of embryonic stem cells is highly controversial. 

d) Specialised cells
There are billions of cells in plants and animals that all carry out different jobs depending on their structure.

The table below shows examples of different specialised cells.

	Cell
	Function
	Adaption
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Mesophyll cell in a leaf
	Absorbs light energy for photosynthesis
	Regular shaped, closely packed cells form a continuous layer for efficient absorption of sunlight. Packed with chloroplasts for photosynthesis.
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Root hair cell
	Absorbs water and mineral ions from the soil
	Long 'finger-like' projections with very thin walls, which gives a large surface area to maximize the absorption of water
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Sperm cell
	Fertilizes an egg cell - female gamete
	The tail allows the sperm to move. The head contains genetic information and an enzyme to help penetrate the egg cell membrane.  It has many mitochondria to give energy/ATP to drive the tail.
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Red blood cells
	Contain haemoglobin to carry oxygen to the cells.
	There is no nucleus, so the cell can carry more haemoglobin. The biconcave shape increases the surface area to allow more oxygen to be absorbed efficiently in the form of oxyhaemoglobin. The thin outer membrane lets oxygen diffuse through easily.
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Neurone
	Send messages around the body as electrical impulses.
	They are long and thin and have many projections that allow them to communicate with many other neurons.
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Egg cell
	The egg cell fuses with a sperm cell to produce a new life.
	Egg cells, or ova, have lots of cytoplasm containing large amounts of food to allow them to divide many times to create an embryo after fertilization.


Cells to organs
Similar cells are grouped together to make up tissues, for example muscle or nervous tissue.  
Tissues are grouped together to make organs, for example the brain or heart.
Each organ performs a specific function.  

Groups of organs work together to form organ systems.
Cells ( Tissues ( Organs ( Systems
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Human Organ Systems
[image: image22.png]



Unit 2      Topic 2 – Control and Communication
a) (i) Nervous Control

All of the cells in a multicellular organism are linked together by the nervous system. Cells cannot work independently.  The survival of the organisms depends on the communication between cells.  
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In humans the nervous system consists of the central nervous system (CNS) and the nerves (neurones).  The Central Nervous System (CNS) is composed of the brain and spinal cord. 
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Neurones or nerve cells carry electrical impulses around the body.  There are 3 different types of neurones; sensory neurons, motor neurons and inter neurons.
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Sensory neurones pick up information from a receptor; for example sensory organs such as the skin or mouth.  They pass the information in the form of an electrical impulse to the CNS where the information is processed.  Another electrical impulse is then sent from the CNS through motor neurones to an effector such as a muscle or a gland.
a) (ii) Reflex Arc
Reflex reactions protect the body from harm.  They are fast, automatic and protective.

The message is sent along the reflex arc. There are 3 types of neurone involved in the reflex arc:
· Sensory – picks up stimulus from sense organs

· Inter – passes impulse from sensory neurone to motor neurone

· [image: image32.png]4

Released
neurotransmitter
molecules

Synapse

© 1992 Wadsworth, Inc.




Motor – send impulse to effector (muscle or gland)

The brain is not involved in a reflex action. The inter neurones are found in the spinal cord. This helps to speed up the action.

The brain doesn’t process the information from the sensory neurones until after the action has taken place. 
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Here are some examples of reflex reactions:
	Reflex reaction 
	Protective value

	Cough
	Clears windpipe

	Sneeze 
	Clears nasal passage

	Blink
	Clears eye surface

	Withdrawal
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Removes body from extreme heat and pain.
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A synapse occurs between neurones.  Neurones communicate at synapses.  When a nerve impulse arrives, the end of the neurone releases a chemical (called a neurotransmitter).  The chemical diffuses into the next neurone to transfer the message across the synapse.  This triggers off an impulse in this neurone to pass the message along.  
b) [image: image44.png]


(i) Hormonal Control

Hormones are chemical messengers.  They are made of protein.  
Hormones are released by endocrine glands all over the body.  They travel through the blood stream to their target tissue.
Target tissues are the tissue that the hormone will have an effect on.  They have cells with receptor proteins for specific hormones, so only some tissues are affected by specific hormones.
b) (ii) Blood Glucose Regulation 
An example of hormonal control is the regulation of blood glucose.  
Glucose is very important as it is the main source of food for respiration to produce energy.  If blood glucose levels fall too low the body cannot produce enough energy.   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.  Therefore blood glucose levels need to be kept stable.
When you eat a meal blood glucose levels increase and when you exercise blood glucose decreases.
The pancreas detects changes in blood glucose and sends out hormones to return levels to normal.

The hormone insulin is responsible for turning glucose into glycogen (a large storage carbohydrate) to be stored in the liver.

The hormone glucagon is responsible for turning glycogen into glucose to be released from the liver.  The liver is the target organ.
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Unit 2      Topic 3 – Reproduction
a) Body cells and Gamete formation

Reproduction is the process in which new members of a species are made.

The cells in the bodies of most multicellular organisms are diploid.  This means that they have 2 matching sets of chromosomes.  

During reproduction special cells called gametes are used.  Gametes are haploid; they only have one set of chromosomes and so it takes two gametes to make the first cell of a new organism.

b) Gametes 

Animals
The table summarises animal gametes

	Sex
	Male
	Female

	Name
	Sperm
	Ovum

	Diagram
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	Mobility
	Swims using tail, 
	Immobile (moved by oviduct)

	Features
	Nucleus in the head contains half the genetic information needed for an organism. Contains many mitochondria for ATP to drive movement.
	Nucleus contains half the genetic information needed for organism. Contains lots of food rich cytoplasm.

	Site of production
	Testes in the male
	Ovary in the female
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The diagrams show the reproductive organs of male and female humans.
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Plants
The table summarises plant gametes.
	Sex
	male
	female

	Name
	pollen
	ovule

	Diagram
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	Site of production
	anther
	ovary


In plants, flowers contain the reproductive organs.
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Fertilisation
Fertilisation is the process in which the two gametes come together and their nuclei fuse.  In humans this happens in the female oviduct.  In plants it happens in the ovary.  Fertilisation produces the first cell of the new organism, called a zygote.  A zygote has two sets of chromosomes and so is diploid. The zygote divides to form an embryo.
Unit 2      Topic 4 – Variation and Inheritance
a) Variation

There are lots of differences between organisms of a species.  These differences are called variation.          
Variation is created by sexual reproduction in which genes are combined from two parents.          
Variation can be divided into two categories; discrete and continuous.  
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Discrete variation is shown by a characteristic with only a few possibilities and these can usually be observed easily.

· In continuous variation the characteristic can have a wide range of possibilities and usually has to be measured. 
	Discrete Variation
	Continuous variation

	Eye colour, flower colour, blood type, leaf type in ivy,
Tongue rolling.
	Height, weight, hand span, seed length in broad beans, shell length in mussels.


Polygenic characteristics

Characteristics in organisms are controlled by genes.  

Characteristics that show discrete variation, such as blood group, are controlled by one gene.
Characteristics that show continuous variation are controlled by many genes and so we say they are polygenic.  Most features of an individual are polygenic. These polygenic features can have a range of values between a minimum and a maximum.
b) Genetics
Genes are sections of chromosomes. They control the characteristics of an organism.
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Genetics is the study of genes.

There are a few terms we need to understand to study genetics.
· Phenotype 
– the physical characteristics of an organism

· Genotype 
– the set of genes an organism possesses.

The phenotype of an individual is controlled by their genotype.
[image: image54.jpg]


Genes can exist in more than one form. For example tongue rolling gene can come in rolling or non-rolling form.  

The different forms of a gene are called alleles.

Body cells carry two of every gene and so it has two alleles for each gene, one inherited from each parent.

A pair of genes may contain two of the same alleles, or two different alleles.
If both alleles are the same it is described as homozygous.
Homozygous is also known as true breeding or pure breeding.

If the alleles are different (one dominant & one recessive) it is described as heterozygous.
Alleles can be described as either dominant (stronger) or recessive (weaker form).

Recessive alleles are masked by dominant ones.

When we are writing genotypes capital letters are used for dominant genes and lower case for recessive genes.

e.g.  In eye colour brown eyes are dominant to green. 

So B = brown and b = green.

· So if the genotype BB - the phenotype is brown.

· If the genotype Bb - the phenotype is brown.
· If the genotype bb - gives the phenotype green.
It is therefore possible for organisms to have a different genotype but the same phenotype.

The dominant allele will always show up in the inherited characteristic of an organism, even when both alleles are present in the pair.

For example:


Gold angelfish  


X 


Black angelfish
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All the baby angelfish in the F1 are black therefore black must be dominant.

Genetic Crosses

When studying genetics, shorthand symbols are used:-

The original generation i.e. the parents


P

The offspring of P / the first generation


F1
The offspring of the F1 / the second generation

F2
Genetics crosses involving only one characteristic are called monohybrid crosses. 
For example: 
In onions the gene for colour exists in two forms; red and white. 
The gene for red colour is dominant (R) and the gene for white is recessive (r).

Homozygous parents were used in the following cross:-
	P
	[image: image56.jpg]



	[image: image57.jpg]




	phenotype
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red
	White

	genotype
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RR
	rr

	gametes
	R
	r

	F1
	[image: image60.jpg]Skeletal system
provides structure to
the body and protects
internal organs

Digestive system
breaks down food and

absorbs its nutrients

Muscular system
supports the body and
allows it to move

Respiratory system
takes in oxygen and
releases waste gases

Nervous system
controls sensation,
thought, movement,
and virtually all other
body activities

Circulatory system
transports oxygen, nu-
trients, and other sub-
stances to cells and
carries away wastes






	genotype
	Rr

	phenotype
	red


All the F1 generation have the same phenotype.  They show the dominant characteristic, red colour.  This shows that red is dominant to white.

Although the recessive characteristic (white colour) does not show up, all the F1 individuals will be carrying both dominant and recessive characteristics.

If two of the F1 generation offspring are then crossed, both phenotypes will appear in the F2 generation.

	F1
	
	

	phenotype
	red
	red

	genotype
	Rr
	Rr

	gametes
	R   or   r
	R    or    r


F2
Punnet Square
       R


r





   R
      RR

 Rr







   r     
       Rr

rr



F2    Genotypes 

RR, 
    Rr,        Rr, 
rr
F2   Phenotypes

Red,       Red,     Red,      White
F2   Ratio



3 red
    :
1  white      

d) Genetic crosses are always just a prediction.  The predicted ratios are not always achieved as fertilisation is a random process that involves an element of chance.
Pedigree Diagrams 
Family relationships and genetic information can be shown in a pedigree diagram.

The pedigree below shows information about tongue rolling.

A circle represents a female and a square a male.

The phenotypes for each individual are shown above their shape and the genotypes are shown inside their shape.
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Unit 2      Topic 5 –Transport Systems in Plants
a) Plant Organ Systems



Leaf Structure




b) Water transport
Water is essential for the survival of a plant.  It is needed for photosynthesis and also to transport vital minerals.  

Water is absorbed by the root hairs and must be transported to all parts of the plant.

          It moves upwards through the plant in special vessels called xylem.


Plants also need food.  They produce their own food by photosynthesis in the mesophyll cells in the leaves.  This food must also be transported to all parts of the plant.

The two transport tissues in a plant are called xylem and phloem.

	Tissue
	Xylem
	Phloem

	Features
	A hollow tube made of dead cells.  Contains rings of lignin to provide support.
	Living cells with sieve plates between cells to 

allow a constant flow of   cytoplasm. 

Companion cells are also present

	Substance transported 
	Water and minerals
	Sugar (food)

	Direction
	upwards
	up and down


c) The transport of water though a plant is driven by transpiration.

Water on the surface of spongy and palisade mesophyll cells (inside the leaf) evaporates out of the leaf through the stomata in the lower epidermis. This is called transpiration. More water is drawn out of the xylem cells inside the leaf to replace what is lost.  As the xylem cells make a continuous tube from the leaf, down the stem to the roots, this acts like a drinking straw, producing a flow of water and dissolved minerals from roots to leaves.  Water is pulled out of the root cells and so this results in a low water concentration in these cells.  Water then moves by osmosis from the soil into the root hair cells. 


The rate of transpiration can be affected by different factors. 

· Increasing wind speed, temperature and surface area increases transpiration rate.

· Increasing humidity decreases transpiration rate.

Unit 2      Topic 6 –Transport Systems in Animals 
Essential substances for survival are absorbed in different organ systems.  
The digestive system absorbs food, water and minerals and the lungs absorb vital oxygen.

In mammals, food, gases (oxygen and carbon dioxide), water and nutrients are transported in the blood.  The circulatory systems moves the blood around to all parts of the body.
a) Blood Composition
Blood is made up of different substances:

· Plasma

· Red blood cells

· White blood cells

b) Red blood cells

Red blood cells are specialised to carry oxygen around the circulatory system.  They do this as they have special features

· They are biconcave in shape 

· They have no nucleus
· They containing haemoglobin. This allows them to transport oxygen efficiently in the form of oxyhaemoglobin.
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Plasma
Plasma is a watery pale yellow coloured liquid. 

It is mainly made of water and carries all the blood cells. Substances such as carbon dioxide and glucose are dissolved in it. It also carries proteins and the waste product urea.
c) White Blood Cells

White blood cells are special cells involved in defence. They are part of the immune system and are involved in destroying bacteria and viruses which we call pathogens.
There are two types of white blood cell:

· Phagocytes – They carry out a process called phagocytosis. They flow round pathogens and engulf them and break them down.


· Lymphocytes – They produce special proteins called antibodies. Each antibody is specific to a certain pathogen. The antibody sticks to the pathogen to make it easier to destroy.


d) The Circulatory System

This consists of the heart and blood vessels.  
The heart is a muscle that pumps blood around the body.

It has 4 main chambers.

There are 4 main valves in the heart:

Valves make sure that blood flows in the correct direction, they prevent the backflow of blood. Blood can only flow one way through a valve; from atria to ventricles and out through the main arteries.
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e) Blood Vessels

Blood vessels connect the heart to every part of the body.  There are three main types of blood vessel.

	Type of vessel
	Artery
	Vein
	Capillary

	Description
	Thick muscular walls and a thin central channel.
	Thin walls with wide central channel.  Contain valves to prevent backflow of blood
	Walls one cell thick.  Form a network at organs so have a large surface area.

	Blood Pressure
	High
	Low
	Very low

	Direction of Flow
	From heart
	To heart
	Connect arteries and veins to allow exchange of materials.


The diagram below represents the heart.  It shows the flow of blood through the heart, lungs and body.
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The left ventricle is a good place to start when describing blood flow.  Its structure relates to its function.  It has a very thick muscular wall to pump blood hard enough to reach the organs in the body.  
                    Vena 
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Coronary Artery

The heart is a muscle that needs a blood supply in order to function.  The heart is supplied with blood by a vessel called the coronary artery.
Unit 2      Topic 7 – Absorption of Materials
a) Substances such as oxygen and nutrients from food are essential to sustain life. These must be absorbed into the bloodstream to be transported to all cells for respiration.
Waste materials from respiration such as carbon dioxide must be removed from cells into the bloodstream.

b) All cells in the body need to be supplied with blood to deliver essential substances and remove waste.

To supply blood the body has an extensive network of capillaries. All tissues have a complicated network of these tiny blood vessels to allow for the exchange of materials at cellular level.

c) Two important areas of absorption in the body are the intestines and the lungs.

They have certain features in common that make them suited to their function of absorption:

· Large surface area

· Thin walls

· Extensive blood supply

These features increase the efficiency of absorption.

d) Lungs
The lungs are responsible for absorbing oxygen and getting rid of carbon dioxide.

[image: image14]
Air enters via the trachea, goes into one of the narrower bronchi then down into an even narrower bronchiole.  At the very end of the bronchioles of the lungs there are tiny structure called alveoli.  This is where where the gases O2 and CO2 are exchanged between the blood and the air. These alveoli provide a large surface area for gas exchange.

The Alveoli
Oxygen from the air in the alveolus

· dissolves in the layer of fluid lining the alveolus

· diffuses rapidly into the blood through the single celled walls of the alveolus and blood capillary.

CO2 diffuses out of the blood and into the air in the alveolus.


[image: image15]
e) Digestive system
The digestive system is responsible for breaking down our food in order for it to be absorbed into the blood stream.
The small intestine is the area of the digestive system where food is absorbed into the bloodstream.
The structure of the small intestine allows maximum absorption in the following ways

· The small intestine is long.

· The inner lining is folded.

· The inner lining has many finger like projections called villi.

· It has a very good blood supply provided by a network of capillaries.

Each of these features increases the surface area available for the absorption of soluble food molecules into the villi.
Villus (villi plural)

[image: image16]
A villus is a tiny projection on the wall of the small intestine.  

Its features allow maximum absorption of food molecules into the bloodstream.

· There are a large number of them to provide a large surface area,

· The thin wall is only one cell thick. This allows dissolved molecules to pass through quickly and easily.
· The network of blood capillaries ensure a good blood supply is present to receive absorbed glucose, amino acids and vitamins and minerals.
· The lacteal receives fatty acids and glycerol produced by the digestion of fats.
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Alleles are to genes what Flavours are to crisps!
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Shoot system


leaves trap light energy for photosynthesis


flowers and fruits are involved in reproduction
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