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 GCSE Biology

This presentation is an
Introduction to Biology for
GCSE, hopefully it will be
interesting too! ENJOY!




CELLS — The basic units

All living things are made up of cells.
They carry out Life's important functions;

There are two types of cells: Prokaryotes and Eukaryotes




CELLS

Prokaryotes Eukaryotes

Old Greek Pro (meaning before) Eu (good/true)
Membrane bound Nucleus

Are single organisms Include; Animal,

(often called unicellular) Plant and Fungal

which includes Bacteria multicellular
and Microorganisms organisms.
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PDifferences between Two Types

Prokaryotic vs Eukaryotic Cells

AN ANIMAL CELL

MNucleus Nucleolus Mitochondrion

Prokaryotic Cell Structure Cytoskeleton
)

‘-}r endoplasmic
y T reticulum
Perovisome  Flasma |
membrane reticulum

#2001 Sinmuer Associntes, Inc,

https://biochemanics files wordpress.com/2013/03/125817436 png (accessed: 1t June 2017)

Whilst different, they do share a few common factors:
They contain DNA (The Cell blueprint), Cytoplasm and Cell membrane.
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Piffierences between Two

Yes Absent

More than one bound inside Referred to as naked.
nucleus Plasmids

Yes Absent
Meiosis & fusion of gametes Simple / Asexual Fission
Yes Absent

Yes Absent or rare
Yes Absent

Yes Absent

larger smaller

Yes Yes

Yes Absent

In plant cells Absent

Not present

Only in plant cells and fungi Chemically complexed
(slime capsule)

Present Present

10-100um 1-10um



Flihdamental Parts of Cells

Nucleus: Contains the genetic material (chromosomes

and DNA) of the cell, controlling cell activity.
The Nucleus

arlettecrganelles.weebl n/uploads/ (accessed 2nd June 2017

Cell membrane: It separates and protects the interior of
all cells from the outside environment allowing the
movement of substances in and out of cells.

Cytoplasm: Cellular fluid containing water, salts, proteins
and nutrients.




Fndamental Parts of Cells

Other Organelles (mini organs):
Mitochondrion: Provides the Cell with
energy in the form of ATP (see diagram)

Ribosomes: Sites for protein /
amino acid / RNA synthesis

Chloroplasts (Plant): Site of
photosynthesis, they absorb light
and COZ2 (see diagram)

Vacuoles (Plant): Contain sugary sap — helps maintain
turgidity.




Specialised animal Cells

pusclesCells (Smooth and striated) — have fibres that
Shorten in length

Blood Cells (white) — help fight infection by attacking and
destroying bacteria, viruses, and germs




Specialised plant Cells

UPPER EPIDERMIS, Palisade Cells - are responsible for
photosynthesis because they contain high numbers of
chloroplasts. Cell arrangement is tightly packed for
maximum efficiency. (Slide 92)

LOWER EPIDERMIS, Spongy mesophyll Cells — not as
closely packed with fewer chloroplasts within the cells.
Intercellular air spaces allow for the interchange of gases

Guard cells — Regulate the rate of transpiration (through
a stomatal pore) and provide air spaces for gas exchange
(CO2 and O2) into and out of the lower leaf.




CELL DIVISION: Mitosis

Important for growth and development.

Occurs in cells all over our bodies and those of plants
(occurs in the Meristem [roots and buds]) and Fungi.

MITOSIS

Produced identical copies
of Cell.

http:/fwww livescience.com/images/i, i02/mitosis-stages.jpg {accessed 1* June 2017)

However, cell mutations in animals can cause uncontrolled
divisions sometimes resulting in Cancer.
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CELL DIVISION: Meliosis

Unlike Mitosis, cellular Meiosis is not cyclic and involves
complex stages within the reproductive tissue.

It Involves creating sperm or ova with haploid cells
(containing half number of chromosomes).

Once fused during

fertilisation (Zygote),
: genetic information is

exchanged.

Prophase IT  Metaophase II Anophase IT  Telophase IT 4 hoploid cells

It ensures production of genetically varied offspring. This
Is important for survival and natural selection.




Stem Cell Therapy.

Culturing involves using embryonic cells (in embryos) from
the tissue layers to grow muscle cells, blood cells, bone
cells, neurones and liver cells.

It may be used to

il T o F treat a variety of
S— diseases such as
Diabetes and Alzheimer's.

However, there are ethical questions and long term effects
are yet to be thoroughly determined.
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Enzymes

Biological catalysts made up of amino acids / proteins
designed to speed up reactions inside our bodies.

Unfavourable conditions may lead to enzyme failure or denaturing.




Respiration

Cells derive energy from food (site of respiration in cells is
the Mitochondria [the molecule ATP]) — Aerobic respiration
Involves complete oxidation of Glucose to Carbon dioxide
and \Water.

In animals, anaerobic respiration occurs when the lungs
and heart cannot work fast enough to supply the Oxygen
needed. Incomplete breakdown of glucose occurs:

Anaerobic respiration in plant cells and yeast (fungus /
microorganism) produces ethanol and carbon dioxide.




Digestion and Synthesis

Digestion occurs by hydrolysis.

Many Enzymes are involved in this process:

= Lipase (Fat into Glycerol and Fatty acids)

&= Protease (Protein into Amino Acids and Sugars)
m Amylase (Starch into Sugars)

Synthesis of proteins, peptides, sugars and fats occurs by
condensation reactions. These can form the complex
chemicals of life including;

Carbohydrates, Polysaccharides, Amino Acids, DNA and
RNA, Enzymes and Triglycerides.




Cellular Transport

The plasma membrane surrounds all living eukaryote cells, and is the cell's
most important organelle. It controls how substances can move in and out of
the cell. Cell organelles also have a similar membrane surrounding them.

It Is composed of phospholipids, proteins and carbohydrates.

The delivery and
exchange of
substances is
important to maintain
Homeostasis.

Extracellular Fluid

Globular protein
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Protein channel Hydrophilic
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https://d2gne97vdumgn3.cloudfront.net/api/file/edBEUtADRYi7woN2C71B {accessed 2nd June 2017}




Cellular Transport

Three types of movement into / out of Cells. These are;




Exchange Surfaces

In simple unicellular organisms, where no cell membrane is present,
bacteria have adopted a method of exchanging gases and useful
substances via simple diffusion.




Exchange surfaces

Rate of diffusion and absorption increases with a larger
surface area.

This can be increased by having surface folds, tubules
(kidney tissue), ciliated surfaces (microvilli) and sponge
like tissue (alveoli in lungs) with single layer cells (for thin
surface) for efficient diffusion and absorption of useful
substances.




sltuman circulatory system

Made up of Heart (muscle) and different types of blood vessels.
Two sides to heart (cardiac muscles), both acting as individual pumps.

1 Cycle = 1 heartbeat

(accessed 2nd June2017)

Oxygenated blood (red) from the lungs enters the left atrium.
Deoxygenated blood (blue) from the body enters the right atrium.




Huuman circulatory system

There are 4 chambers of the heart; two atria (thin walled, receive
blood from veins, low pressure) and two ventricles (thick wall, to pump
blood into arteries at high pressure and around the body).

There are 2 main stages - diastole (relaxation and filling of blood)
systole (contraction and ejection of blood from heart).

blood away from the
heart via arteries (blood vessels) to the body.

from the body back towards the heart
(right ventricle) via pulmonary artery and to the lungs.

One way heart valves prevent backflow of blood and maintain
pressure.

Each day, it beats about 100,000 times!




RESpiratory and circulatory system

S0, the cardiac cycle allows oxygenated blood to be
collected from the lungs and pumped around the body.

The Lungs are two sponge-like, cone-shaped structures
that fill most of the chest cavity and are protected by the
flexible rib cage. Our lungs form one of the largest organs
of our body. We need lungs to provide oxygen from
Inhaled air to the capillaries and to exhale the carbon
dioxide delivered from them.

There is a clear relationship between circulation and
respiratory system




White blood cells. There are several different types all with different
properties. They have nucleus and cytoplasm. They protect us from
germs and destroy foreign bodies (phagocytosis).




Blood and vessels cont’d

Blood vessels: arteries (muscle and thick elastic fibres) and veins
(thinner wall, one way valves) are key components in the cardiac cycle.

Capillaries (very thin, single cell thick, high surface area bed of vessels)
contain tissue fluid for the exchange gas, dissolved oxygen and waste
products and are key entities for homeostasis.

An artery A vein
thick : Gy thin layer of muscle
outer wall - “i"-" A—— and elastic fibers

small —

lumen L

fairly thin ™
outer wall

A capillary ‘f/
" -‘:_--_'—.
very small lumen —W:
— wall made of

a single layer of cell

— : x
thick layer of muscles
and elastic fibres

Sections through the three types of blood vessels

hitp://4.bp.blogspot.com/-TmDdW1lwd14/UYyTzIhhWHI/AAAAAAAACLU/UTKU-

LPfT E/s1600/veintarteryt+capillary+2.jpg (accessed 2 June 201?]||




Transport in plants

Root hair: give the root large surface area for absorbing water (via
osmosis) and mineral ions from soil. Root hair cells have large sap
vacuole to lower the water potential and high concentration of

mitochondrion for active transport.




dN@nspiration and Translocation

The transpiration stream is powered by the evaporation of
water from the leaves. The evaporation (upward pull of the
column of water) takes place via osmosis through the
plant (xylem cells) to the leaf's open stomatal pore.

Translocation is the movement of organic solutes from
leaves to other parts throughout the plant. Those nutrients
are translocated from sources (palisade or spongy
mesophyll cells in the leaf) to a sink (flower bud or fruiting
body) where there is for example a lower sucrose
concentration. This is done via active transport to the
sieve tubes (in the phloem) then to the bud or fruiting
body.




Factors effecting the rate of
iranspiration in plants

Increased air humidity (water outside the leaf) reduces the rate of
transpiration. However, dryer air will increase transpiration.




REALTH AND DISEASE

Disease IS an iliness or sickness caused by pathogens
(bacteria, virus, fungi or protozoa), malfunctions in cells,
tissues or organs with specific symptoms that affect a
person, plant or animal.




Disease (continued)

Viruses are extremely tiny and can invade our cells,
causing many diseases including HIV (AIDS), measles and
Influenza (flu).

Fungi can be unicellular or multicellular and can cause
Athlete’s foot, respiratory diseases and Candida infections.

Protozoa are parasites which invade host cells, for
example, plasmodium that causes malaria.




Non communicable disease
(NCDs)

Cancer - Affects all ages. The most common cancers are
breast, prostate, lung and colorectal.

Others include Fibromyalgia, Alzheimer's and Arthritis.




Communicable disease

Bacterial infections are often ingested, for example
through drinking poor water, often contaminated by
sewerage (faeces) and resulting in, for example, cholera.
Bacteria inside the stomach and intestines multiply and
cause vomiting, diarrnoea and severe dehydration.

Other diseases spread by person to person are:

Flu, Hepatitis B, Measles, MRSA, Ebola and Sexually
Transmitted Diseases.

Some human skin diseases transmitted from person to
person include Athletes foot (fungal) and Scabies (skin
mites)




Examples of Infections

Infections that are spread by animals (vectors) and insects;




HIV / AIDS

Some viral infections can only be passed from one person
to another (direct contact) through unprotected sex with an
iInfected person, from mother to unborn child or by sharing
needles or other devices exposed to blood.




| Mechanical defences /
phvsical and chemical barriers

Our own skin (thick protective layer of keratin) and hair.

Stomach acid (HCL breaking down harmful agents).




Specific immune response




Monoclonal Antibodies

Monoclonal antibodies are highly specific (recognising one).
Antigens can be injected into an animal and the resulting
lymphocytes produced in response can be cultured. Other

antibodies can be cloned in this way.




Plant Defences

Physical Defenses

The most common defense is having thick waxy cuticles, bark (lignin),
needles, spines, thick hairs and thorns (blackthorn and hawthorn).

Chemical Defenses

e plantS produce bittertasting saps and unpalatable chemicals that
BEEEndisease or stop animalsirem feeding on their foliage i.e. Junipers,
MEFRONIa, rue and some other herbages.

Stinging nettles are protected from herbivores. They produce toxins and
an uncomfortable sting when touched or eaten.




Research and vaccination

Bacteria and fungi can be isolated and cultured on agar to identify the
pathogen and potentially find a cure.

Vaccines may be a dead or weakened form of pathogen and contain
antigens that alert an immune response. After the first exposure through
vaccination, the person’s immune system will be stimulated and will

recognise the antigen (memory cells) and immediately produce the
antibodies they need to fight it, ensuring a stronger and faster response.

Mass vaccinations can lead to heard immunity. As more of the
population is vaccinated, the disease can sometimes disappear
(smallpox, Edward Jenner).

Many communicable diseases (such as measles) can be prevented by
vaccine. This has been proven historically.




Research and vaccination

(Continued)
bstances that kill bacteria / stop their growth.

breaks down cell walls

stops protein synthesis

. Most common antibiotic
stops protein synthesis . e .
stops protein synthesis IS penICIIIIn (Flemlng)

stops DNA replication

Target selection & Discovery Development
validation

The pocess of drug
development is complex
and time consuming.

www the-aps.org/...JAPS-Committees/piic/The-Drug-Discovery-PPT (accessed 5th June 2017)




Causes of
NOon communicable disease

FOr many diseases In the developed world, unhealthy lifestyle
iIs a common factor.

Lack of exercise, bad diet, obesity, excessive smoking,
drinking alcohol and (raised blood pressure) stress are
common causes.

Ag e (aS peo pl e - GLc:baI distribution of deaths due to NCDs by type as of 2012
S0%

become weaker),
gender, genetics or
ethnicity might
also be a cause.

https://www.statista.com/statistics/490849/non-communicable-disease-deaths-distribution-by-type
(accessed 5th June 2017)




Eauses of NCDs (continued)

SmokKing cigarettes for example increases the risk of lung diseases as
it exposes the cells and lung tissue to carcinogens (tar, smoke). It is
incurable.




I he Central Nervous System

An animal’s response to a stimulus is coordinated by The CNS and consists of
the brain and the spinal cord. It gathers information about, and responds to,
changes in the environment.

Once a stimulus Is triggered, it sends information and impulses along motor
neurons to the effectors, which bring about a response in this sequence:

Stimulus

Receptor

Sensory neuron
Central nervous system
Motor neuron

Effector

Response Each neurone has a cell body and

long thin fibres (axon surrounded by
a myelin sheath) that carry the
impulses.




Types of receptors

Receptors detect stimuli and convert them to electrical impulses and
are carried to the CNS by sensory neurones.

Different types of receptors are found in different sense organs
(example: eye, ear, skin, tongue and nose)

SMELL
vIsIon " A receptor must detect a
stimulus to cause an

HEARING

!” ‘ \ | electrical impulse.
\. Meissner
Rod Cone f‘[‘}

A Pacinian corpuscle is a type of touch receptor located in the skin. It is part of
the group of sensory receptors that respond to touch and pressure (e.g. feeling
rough surfaces and detecting vibration).

Skin receptors that detect temperature are called thermoreceptors. They
respond to burns and cold, as well as overall environmental changes.

And finally, Nociceptors detect pain.




glrical impulses and Synapses

e Impulse reaches the synapse at the end of
urone |t trlggers the neurone to release a chemical
eurotransmitter (chemical signal) that bridges the gap
)etween one neurone and the next.

g (accessed 16th June 2017) |




The Reflex Arc

Reflex reactions in humans (and all animals) are
controlled by the reflex arc.

When the safety of an organism demands a very quick
response, the signals may be passed directly from a
Sensory neurone, via a relay neurone, to a motor neurone
for an instant reaction. This is a reflex action.

- Muscle contracts and withdmes

ipg [access 16th June2017)




Ihe Eye - How it works

The eye works in a similar way to a camera - light passes through the lens
and is recorded’ on the back of the eye (the retina).

When light enters the eye, the

ﬁﬂﬁﬁ;’.}‘r‘ ciliary muscles change the

: thickness of the lens
The light is focused by your
lens onto the retina
The light sensitive cells in the
retina send electrical impulses
through the optic nerve to
your brain
Your brain processes these
impulses and shows you what
the object looks like

Vitreous
H

==—0Optic Nerve
clera

The iris reflex. In dim conditions, more light is allowed to enter so that a clear
Image can be formed on the retina. In bright conditions less light is allowed to
enter so that the retina is not damaged.

This adjustment is done by two sets of muscles in the iris. Its circular muscles
contract to close up the iris, making the pupil smaller. Its radial muscles
contract to open up the iris, making the pupil larger.




Short and Long sightedness

A short-sighted person can see things close-up, but not further away. The
lens in @ myopic eye focuses the light too much, causing the focal point to be
In front of the retina. This can be corrected with a concave lens, which causes
the light to spread, and so converge on the retina.

A Long Sighted Eye

https://isaphysics.files.wordpress.com/2013/11 /waves19.jpg *w=3008&h=224 (access 16" lune 2017)

A long-sighted person struggles to see near objects, but can see distant
objects. The lens does not cause the light to bend enough, leading to the focal
point being beyond the retina. To rectify this, a long-sighted person can wear

glasses with a convex lens. This causes the light to bend more, and converge
on the retina.
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Other parts of the brain include:
The cerebellum that coordinates posture and learned movements
The medulla controls breathing and heart rate

The hypothalamus coordinates homeostasis and controls the Pituitary gland
which produces many hormones.




Memories

Two types of memory:
Short-term memory lasts for about 30 seconds.

Long-term memory may last for the whole of your life. There is no limit
to how much information you can store and memory can be improved
through repetition. Repeating things, especially over a long period of
time, we are much more likely to remember them in our long-term

memory.
The Hippocampus is responsible for creating new memories.

The multi-store model of memory
(Atkinson & Shiffrin, 1968)

Rehearsal

Transh
Short Term ﬂ
Sensory - Store ' - gj-tong;rf'l'rhrﬂn]
Store Attention (STM) Retneval ==

Infarmation lost (lorgettng)

http:/fwww.psychteacher.co.uk/memory/multistore-model files/slidel.jpg (accessed 19th June 2017)




Brain injuries and Disease

Brain injuries are often caused by trauma and can damage brain tissue,
neurones, and nerves. This damage affects your brain’s ability to
communicate with the rest of your body. Examples include:

@ Hematomas

@ Concussions

= Blood clots

= Strokes.

Strokes occur when a blood clot blocks a blood vessel or artery, or when a blood
vessel breaks and interrupts blood flow to an area of the brain. The most common
cause of stroke is high blood pressure.

Neurodegenerative diseases cause your brain and nerves to deteriorate
over time. For example, Alzheimer’s disease, develops with age. They can
slowly impair your memory and thought processes. Other diseases include:
= Huntington’s disease

=@ Parkinson’s disease

= All forms of dementia
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The collection of endocrine glands
control many functions in the body,
secreting hormones into the blood that
affect target organs. By regulating the
functions of organs in the body, these
glands help to maintain the body’s
homeostasis.

The endocrine system works alongside
the nervous system to form the control
systems of the body.

Negative feedback ensures that, in any
control system, changes are reversed and
returned to the set level such as: blood
oxygen, sugar and salt levels.




I he Endocrine system

The pituitary gland, also known as the hypophysis, is a small pea-sized lump
of tissue near to the Hypothalamus (part of the brain that is responsible for the
direct control of the endocrine system through the pituitary gland). It secretes:

Oxytocin - triggers uterine contractions during childbirth and the release of milk
during breastfeeding.

Antidiuretic hormone (ADH) - prevents water loss in the body by increasing the re-
uptake of water in the kidneys and reducing blood flow to sweat glands.

Thyroid stimulating hormone (TSH) - responsible for the stimulation of the thyroid
gland and stimulates metabolism.

Adrenocorticotropic hormone (ACTH) - stimulates the adrenal cortex, the outer part
of the adrenal gland, to produce its hormones.

Follicle stimulating hormone (FSH) - stimulates an egg to mature in the ovary.
Stimulates the ovary to release oestrogen.

Luteinizing hormone (LH) - stimulates the release of a mature egg at ovulation.
Stimulates the ovary release progesterone.

Human growth hormone (HGH) - affects many target cells throughout the body by
stimulating their growth, repair, and reproduction.

Prolactin (PRL) - has many effects on the body, chief of which is that it stimulates
the mammary glands of the breast to produce milk.




I he Endocrine system

Other glands:

The Thyroid gland produces three major hormones: Calcitonin (reduce calcium ions
In the blood if they rise above a certain level), Triiodothyronine and Thyroxine.

The gonads (ovaries in females and testes in males) are responsible for producing
the sex hormones of the body. These sex hormones determine the secondary sex
characteristics of adult females and adult males.

The pineal gland produces the hormone melatonin that helps to regulate the human
sleep-wake cycle known as the circadian rhythm.

The adrenal glands regulate and maintain many of your internal processes—from
metabolism to the fight-or-flight response.

The Thymus produces hormones called thymosins that help to train and develop T-
lymphocytes during foetal development and childhood. The T-lymphocytes produced
in the thymus go on to protect the body from pathogens throughout a person’s entire
life. The thymus becomes inactive during puberty and is slowly replaced by adipose
tissue throughout a person’s life.

The parathyroid glands are four small masses of glandular tissue found on the
posterior side of the thyroid gland.




I he Endocrine System

'The pancreas IS a large gland located in the abdominal cavity close to the
stomach. The endocrine cells are found in small groups throughout the
pancreas called islets of Langerhans (two types — alpha and beta).

Pancreas: Islet of Langerhans

d Exocrine (acinar) cell

Lacation of human [} cells in the islets of the pancreas
Expirt Raviews in Molecular Medeing € 2000 Cambriogs Univarsity Priess

http-//slideplayer com/slide/4767187/15/images/15/Pancreas +Islet+of+Langerhans j

' (accessed 201 Tune

The alpha cells produce the
hormone glucagon, which is
responsible for raising blood
glucose levels. Glucagon triggers
muscle and liver cells to break

down the polysaccharide glycogen
to release glucose into the
bloodstream.

The beta cells produce the
hormone insulin, which is
responsible for lowering blood
glucose levels after a meal. Insulin
triggers the absorption of glucose
from the blood into cells, where it
is added to glycogen molecules for
storage.




Ehclocrine system- Summary

55523223
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hitps://cellularphvsiology wikispaces.comy/file/view/.jpg (accessed 20" June 2017)




- Plant Hormones

‘response is controlled by the plant hormone growth regulator auxin.

g Kes one side of a stem, auxin accumulates in the shaded side, causing the
s there to grow at a faster rate and so the plant is forced to bend towards the light.

A tropism is a growth response to an external stimulus.

Phototropism is the growth response of a plant to light and is exhibited by sun-loving
pecies. An example of phototropism is when a plant is placed indoors, near a window. Stem
rvature takes place as the plant grows towards the light.

Some of the earliest experiments
on phototropism were carried out
by Charles Darwin.

jelly block
with auxin
on h_a!f the

D Experiments with tropisms

http://1.bp.blogspot.com/tropism+experiment.jpg (accessed 20™ Jue2017)

Geotropism or gravitropism are the names given to this physiological process. Most roots
are positively geotropic and so they grow in the direction of gravity. Stems are typically
negatively geotropic, growing in the opposite direction to the gravitational force.




Plant Hormones (and uses)

Auxins (such as IAA): growth promoters — the principal function of auxin is to
stimulate increases in cell length, especially near stem and root tips (meristems).

The family of Gibberellins have a similar effect to that of auxins; they promote cell
division and elongation. The major difference is that gibberellins do not inhibit
growth. Gibberellic Acid (GA) is an example of one of the gibberellin family.

The effect of increasing gibberellin is to produce more lateral growth. Gibberellins
are also responsible for promoting growth in the embryo of a seed.

(Cytokinins are growth promoters — stimulate cell division and differentiation).

Synthetic Plant Growth Regulators:

These are inorganic substances which are manufactured by the agrochemical
Industry that affect plant growth and are used for a variety of purposes:

Rooting Powder: increases the success of stem cutting by promoting extensive
early rooting.

Auxin: as a selective weed Killer to reduce competition and promote crop growth.




Homeostasis

Homeostasis is how the body keeps internal conditions the same using
receptors (via a processing centre) and effectors (for example the endocrine
system).

Scientists describe it as the maintenance of a constant internal environment.
Examples of things that the body keeps the same are: Body temperature at

37°C and the amount of water, pH and blood glucose inside our body using
Negative Feedback.

Negative Feedback

_,@\‘ In negative feedback, any change or

More Insulin
Glucose Increase Glucose » Glycogen

deviation from the normal range of
function is opposed, or resisted

Il enabling the return of normal

il conditions.

Glucose Deerease
Maore Glucagon

: s1600/Slide4.JPG (accessed
20th June)




Homeostasis

The skin IS an important organ in maintaining temperature. It has sweat glands
for heat relief and small hairs to facilitate heat retention (vasodilation and
vasoconstriction of arterioles). The hypothalamus and skin combined is the
thermoregulatory centre.

Without this temperature constant, it is likely that dehydration (resulting in shock,
fainting, confusion or stroke) and hypothermia would occur.

High or low Blood glucose levels (islets of langerhans / pancreas) can also result
iIn‘feeling unwell, shock or much worse if suffering from type 1 or type 2 diabetes.

Isotonic solution

Water potential in cells, red blood

Hypotonic E:I:ﬂ_lf_}_i | g .Haper'.tnrlic solution Ce”s and tiSSue ﬂu|d must aISO be
L | pi ) maintained.

Too little (can cause shrinkage) and
too much water (potential outside
cell) can cause lysis (cell burst).




Homeostasis

Kidneys balance bodily fluids (through nephron filters), process waste (urea)
and retain certain useful mineral ions and proteins. The permeability of the
Kidney tubules can be altered by Anti-diuretic hormone secreted by the pituitary
gland using neg feedback.

ADH acts on

Dehydration can be caused by high
temperatures, over exercise, being
poorly (sickness and diarrhoea) and
over consumption of alcohol and drugs.

- St weiure of
L, - rmesanired iwine

No ADH Present- caiceing buct s ADH Present- cocting nuccis

ROT permeable to water and large volume of urine is perkuiabBl b e st 4 il vl - Bt

produced produced

http: //image.slidesharecdn.com/ powerpoint-file2242 /95/ powerpoint-file-15-728.j
{accessed 20th June 2017)




Genome and Gene Expression

The Genome refers to the entire genetic material of an organism which is
composed of DNA.

DNA is a double helix made of two polymer strands linked by hydrogen bonds
between complementary base pairs.

A nucleotide of DNA is composed of three components:

Asugar — deoxyribose, linked to a phosphate group via a covalent bond and a
nitrogenous base (A, T, G or C). Bases A & T fit together (complementary
pairing) and bases C & G are fit together.

Two nucleotide bases at opposite ends are linked via hydrogen bond. The
strong ‘sugar-phosphate backbone’ creates the DNA chain double helix
structure.




DNA

Inside the nucleus of a human cell's DNA there are 3 billion base pairs,
storing its individual blueprint (info, amino acid sequence etc).

Structure of DNA:

Jlcronodon.com/images/DNA  Structure. jpg (accessed 21st June 2017)




Genes

During cell replication, chromosomes are formed from the long threads of
condensed DNA (and proteins).

A gene is a length of DNA that codes to produce a specific protein.

Different variants of genes account for many of the differences between
individuals.

Chromosomes contain the genes and normal body cells contain two sets, one
from each parent. A human cell contains 23 pairs of chromosomes.

Chromosome

Genes
hitp.//passel.unl.edu/Image/sitelmages/Chromgendnal G.jpg (accessed 21st June 2017)




Genes

Gametes (male or female germ cell) can unite with another in sexual
reproduction to form a zygote. Gametes are haploid (containing only 23
chromosomes).

A karyotype is the number and appearance of chromosomes in the nucleus of
a eukaryotic cell (or the complete set of chromosomes in an individual
organism).

L
21

Human Karyolype Contains 44 Chromosomes

http:/fimages tutorvista. com/cmsfimages/123/human-chromosomes. | {accessed 21st June




Inheritance

Homologous chromosomes (chromosome pairs that are inherited from each
parent) have the same arrangements of genes (loci).

Alleles are gene variants / different forms of a gene. They can be dominant
or recessive. If the alleles are identical the individual is homozygous, if they
are different it is heterozygous. The alleles are given letters as symbols for
example bB in this case.

chromaosome chromosome

allele 1 A I | a allele?2

; Aan.com/migPQiBgP8QURKIKmnsQb2PcQ=/768x0/lters:no upscale()/ab
out/Allele-58a764533df78c345bd 1158b.1pg (accessed 21st June 2017)




=Genotype and Phenotype

The Genotype is the genetic makeup and it directly influences the code
for the Phenotype (observed features) i.e. eye colour:

The dominant allele is always expressed BB (brown eyes).

The recessive alleles are expressed (bb) if there are no dominant alleles
present.

Genotype Phenotype
Brown Eyes
Brown Eyes

Blue eyes

The Genotype interacts with the Internal and External Environment
(water, nutrition, Temperature hormones) to influence development of
Phenotype.

|ldentical twins share the same Genotype and placenta, However,
different environmental conditions will effect the Phenotype.




Genetic disorders

The different forms of genes for eye colour are caused by changes (mutations) in
the DNA code. There also may be a faulty version of a gene that results in a
medical condition, and a normal version that may not cause health problems.

Many genes code for enzymes. Phenylketonuria (PKU) is a rare, but
serious, inherited disorder. People with PKU can't break down (the
amino acid) phenylalanine, which then builds up in the blood and brain.

This can lead to brain damage.

Inheritance of PKU

Carrier @ {) carrier
father mother

Unaffected Carrier Carrier Affected

{accessed 22nd June 2017)




/_ Deoxyribonucleic Acid

- DNA (and ItS four bases) — carries the code for 20 (essential and non-
essential) amino acids. Three bases code for one amino acid (potentially
64 combinations can be found).

In replication, the code is carried and transcribed by mRNA. mRNA
contains base molecule Uracil (instead of Thymine) so instead of U
pairing with G, U pairs with Ain mRNA.

Once created, the new RNA molecule migrates from the nucleus into the

cells cytoplasm finding ribosomes on the Rough Endoplasmic Reticulum
to form new proteins.

Free amino acids find their way
to the ribosome and form peptide
bonds. The new protein is made.

The amino acid sequence
determines the shape of the protein.

ml (accessed 22nd June 2017)




Grepetic disorders and mutations

Mutations may occur which in turn effect the amino acid sequence of a
protein. This will affect its shape and may be nonfunctional. Here is an
example: Sickle Cell Anemia (in Red Blood Cells, making them less
effective in carrying oxygen around the body).

HBB Sequence in Normal Adult Hemoglobin (Hb A):

Nucleotide CTG ACT CCT GAG GAG AAG TCT

AminoAct Loy T o Glu G by S This condition is inherited
HBB Sequence in Mutant Adult Hemoglobin (Hb S): (Chromosome NO. 11) and the
Nucleotide CTG ACT CCT GTG GAG AAG TCT trait receSSive.

Amino Acid Leiu Thr Pro V1I Glu Lys Selr
3 6 9

Giutamic acid iz replaced by valine in mutant sickle cell betaglobin

:f/sicklecellanemiahonorsbio.weebly.com/genetic-cause.html (accessed 22nd June 2017)

Chromosome mutations such as

Downs Syndrome

(chromosome number 21

having one extra chromosome). | ———

Mutations produce genetic variation (alleles) and are exchanged between
homologous chromosomes during meiosis and combine to form new gametes.




Future medicine

Understanding the genome has importance in the future of medicine for
human diseases in individuals.

Genetic screening (diagnostic tests on genetic sequences) can identify
inherited disorders and identify healthy siblings (potential donors of
stem cells).

Increased understanding on cancer genomes will enable rapid
diagnosis and treatment (i.e. cancer cells to be switched off).

Gene therapy: an experimental technique that uses genes to treat or prevent
disease. Researchers are testing several approaches to gene therapy,
including:

@ Replacing a mutated gene that causes disease with a healthy copy of the gene.

@ Inactivating, or “knocking out,” a mutated gene that is functioning improperly.

@ Introducing a new gene into the body to help fight a disease.

The secret of how salamanders successfully regrow body parts is being
unravelled by researchers in a bid to apply it to human limbs.




Reproduction

Sexual — the fusion of two haploid gametes at fertilization to produce a
zygote (homologous chromosomes swap genetic material ensuring that
offspring are genetically different).

Asexual — genetically identical daughter cells from one division resulting
in a clone cell.




Differences:

Sevial and Asexual reproduction

One parent needed

Cells divide by Fission, budding, or
regeneration

Budding, vegetative reproduction,
fragmentation, spore formation

Time Efficient; no need to search for mate,
requires less energy

No variation - if the parent has a genetic
disease, offspring does too.

There is very little chance of variation with
asexual reproduction. Mutations in DNA can
still occur but not nearly as frequently as in
sexual reproduction.

No formation or fusion of gametes (sex cell)

Lower organisms

May be whole parent body or a bud or a
fragment or a single somatic cell

Asexual reproduction is completed in a very
short period of time.

Two or more

Two parents are required to
mate

Cells divide by Meiosis

Syngamy and conjugation

Variation, Unique., organism is
more protected

Requires two organisms,
requires more energy

Sexual reproduction leads to
genetic variation in new
generations of offspring. This
is fundamental to evolution.

Formation and fusion of
gametes (sex cell) occurs

Higher invertebrates and all
vertebrates

Gamete

Sexual reproduction can take
several months to complete.

One or more

\

Sexual
Reproduction

7

Asexual
Reproduction

Advantages

.

High Genetic Variability

Facilitates adaptation:

_“Speeds” up evolution

Saves energy

Courtship is a non-issue

_ Greatest increase in fitness for

each individual

Disadvantages

Energy Costly

Courtship is time/resource
consuming f

Usually sacrifices the fitness of
one sex to the other. |

Low Genetic Variability

Adaptation to environment is
difficult

“Retards” evolution




Inheritance

\We have two sets of chromosomes in each cell, inherited by two sets of genes, each locus
having two copies. There are three possible outcomes in a gene in dominated phenotype
for example Brown (dominant allele) or Blue (recessive) eyes (slide 66).

In pure breeding: Dominant phenotype (homozygous RR) with recessive
phenotype (homozygous rr). The dominant is expressed in offspring as Rr, but
still'carry a recessive gene, which may be passed to the next generation and so

Predicting Inheritance

* Homozygous (Pure-Breeds) - both alleles are the same

Pure-Breed Dominant Crosses resull in: Pure-Breed Recessive Crosses
100% chance dominant phanotype rosuR in
100% chance recessive phenotype

{accessed 23rd June 2017)




Inherited Diseases

Cystic fibrosis is caused by a faulty gene that is inherited from both
parents. This can happen if the parents are "carriers”.

It's estimated that around 1 in every 25 people in the UK are carriers of the
faulty gene that causes cystic fibrosis. If both parents are carriers, there's a:

25% chance that each child they have will not inherit any faulty genes and
won't have cystic fibrosis or be able to pass it on (FF).

90% chance that each child they have will just inherit one copy of the
faulty gene from one parent and be a carrier (Ff).

25% chance that each child they have will inherit copies of the faulty gene
from both parents and will have cystic fibrosis (ff).
F f

F f is cystic fibrosis allele
f

The faulty gene affects the movement of salt and water in and out of cells.
This, along with recurrent infections, can result in a build-up of thick, sticky
mucus in the body's tubes and passageways — particularly in the lungs and

digestive system.




@Other inherited outcomes

In Co-dominance both alleles are dominant which leads to both alleles being
expressed to a certain point. In some flowers, the cross is the same as the one
above except the resulting heterozygous flower is co-dominated by the two
colours, red and white, both colours are partially expressed resulting in pink
flowers, resulting in three possibilities.

Another example of this is blood type. When two dominant alleles are present, A
and B blood types, both are expressed. This results in the "AB" blood type (single
gene inheritance).

Single gene inheritance: These traits are controlled by one gene, with other
genes and outside factors having very little influence. Traits that are inherited in
this way are typically discrete and are expressed as a few distinct phenotypes
(either a person has the trait or they don't).

Multiple gene inheritance: height, hair colour, skin colour or risk of developing
disease (heart / cancer) all can be found on multiple genes.




Sex related

An individual’s sex is determined by the sex chromosomes. Most people have two
Sex chromosomes, one that is inherited from their mother and one that is inherited
from their father. Females have two X chromosomes (XX) and males have one X
chromosome and one Y chromosome (XY).

Conditions caused by changes (“mutations”) in genes located on the X
chromosome are considered X-linked.

Inheritance of sex is expressed:

X B%
X
Y

Y — determines maleness on chromosome number 23.

Sex linked alleles are carried on the X chromosome (disease traits) such as
colour-blindness and haemophilia A and B.

More than 100 X-linked inherited human disorders or traits have now been
identified.




/

1865 — Gregor Mendel. He stated three generalizations
about the way characteristics are transmitted from one
generation to the next in pea plants by observing the
behavior of chromosomes during meiosis and fertilization.

1910 — T H Morgan proved that genes are located on
chromosomes, so could map the position of the genes on the
chromosome.

He was interested in how traits were inherited and distributed
in developing organisms, and he wondered what caused a
fruit fly's eyes to deviate from the norm. The white-eyed fruit
fly (normally red), helped to confirm the chromosome theory.
In doing so, Morgan was the first person to definitively link the
inheritance of a specific trait with a particular chromosome.

1928 — Griffiths was the first person to experiment suggesting that
bacteria are capable of transferring genetic information.

Bacterial Transformation
Here's what Griffith did and what he observed -

He injected mice with the Type II-R strain and the mice survived.

» He injected mice with the Type III-S strain and the mice died.

= He heat killed the Type IlI-S strain and then injected the mice
with the dead bacteria and the mice lived.

= He injected dead Type llI-S strain and live Type II-R strain into

the mice and the mice died.

He then detected the presence of live Type |lI-S strain bacteria with
live Type II-R strain bacteria in the blood of the dead mice.

Asbrief history of Genetics

Mendel's Three Laws of Inheritance
Mendel’s research produced three laws of inheritance that are true today.
Summary of the Three Laws

Law of Dominance (Dominate vs Recessive Phenotype for RR is Round.

Alleles) Phenotype for Rr is Round.

In a cross of parents tha!: are pure for _contrastmg traits, Phenctvp e for rr is wrinkled.
only one form of the trait will appear in the next
generation, All offspring will be hybrid for a trait and " _ 3
will have only the dominant trait express the the wrinkled aliele, the hn_:rb rid, R, il
phenotype. The phenotype trait that is MOT expressed | €XPress the dominate trait of round.
in the hybrid is called recessive,

Because round is the dominant allele over

Law of Segregation (regarding ALLELES)

During the formation of gametes (eggs or sperm), the Rr

two alleles responsible for a particular trait separate { ‘
from each other. Alleles for a particular trait are then

"recombined" at fertilization, producing the genotype R r

for the traits of the offspring.

R — Round
r— Wrinkled

T-Tall
t - Short

Law of Independent Assortment (regarding
TRAITS)

Alleles for different traits are distributed to sex cells (&
offspring) independently of one another. (Example:

the trait for height and the trait for celor of peas do not
depend on each other. These traits are independent of
each other and can independently and randomly be
distributed into the sperm or egg cells.) (Note: as long
as any 2 traits are not on the same chromosomes then

RrTt

RT Rt rT rt

they can be distributed randomly and independently
from each other into the sex cells.)

http://ellsworthbiology weebly com/uploads/4/5/6/3/45636130/2-endel| three laws of inheritance ans.pdf

accessed 23rd June 2017)
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ibrief history of Genetics

1944 — Avery McLeod and McCarty showed that a nucleic
acid, deoxyribonucleic acid (DNA), known to be ubiquitous
in organisms, was the chemical basis for specific and
apparently heritable transformations in bacteria.

i .. -

=k

Hershey and Chase — used radioactive labels to trace genetic material.

EIIMIED =
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1950 - Erwin Chargaff discovers regularity in proportions of DNA
bases for different species. In all organisms he studies, the amount
of adenine (A) approximately equals that of thymine (T), and

guanine (G) equals cytosine (C).
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1953 - Francis Crick and James Watson discover that the chemical
structure of deoxyribonucleic acid (DNA) meets the unique
requirements for a substance that encodes genetic information.

They clearly modelled a 3-D double helix, DNA was the chemical
substance of genes. In 1962 Crick and Watson were awarded the
Nobel Prize in Physioclogy or Medicine.
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1972 — Walter Friers sequence a gene. This lead the way for the
human genome project which was completed in 2003.

The Human Genome Project (HGP) was one of the great feats of
exploration in history - an international research effort to sequence and
map all the genes - together known as the genome of members of our
species, Homo sapiens. The HGP gave us the ability, to read nature’s
complete genetic blueprint for building a human being.

http:/fturbulence.org/blogfimages/2011/04/human-genome-project.jipg

(accessed 23rd June 2017)




http /A infohow orgfwp-content/uploadsf2012/11 /The-Human-Genome_ jpg (accessed 22nd June 2017)

THE HUMAN GENOME - THE BLUEPRINT OF LIFE
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Species variation

A difference between cells, individual organisms, or groups of organisms of any
species. [his can be caused either by genetic differences (genotypic variation)
or by the effect of environmental factors on the expression of the genetic
potentials (phenotypic variation) for example colour or camouflage.

Polymorphism, a discontinuous genetic variation resulting in the occurrence of
several different forms or types of individuals among the members of a single
species. It divides the individuals into two or more sharply distinct forms.

Examples are: the different blood type, eye colour and gender in humans.

In continuous variation, the individuals do not fall into sharp classes but instead
are placed amongst a wide range — i.e. the smooth graduation of height among
individuals of human populations. Shoe size and weight also fall within the
category.

Sexual dimorphism, the differences in appearance between males and
females of the same species. For example colour (plumage in birds) and size.
These are caused by the inheritance of one or the other sexual pattern in the
genetic material.




Gene mutations

Single gene mutations in a base of the DNA can alter the amino acid
sequence. These may involve substitution, insertion (some duplication
of gene allows new genes to evolve doing no harm) or deletion (some
mutations allow genes to be switched on or off).

Different Amino acid can completely alter the protein structure and
shape, therefore the function, as an enzyme or metabolite will be
changed. Non-functional proteins can produce harmful phenotypes.

Types of mutations

Chromosomal mutation:
aftecting whole or a part
of a chromosome

Gene mutation: changes
to the bases in the DNA of
one gene

Chromosoeme

-ffs i 5| 5 5 5
+or+a+art+of+a+chrnmo ome..ipg (accessed ‘.m:! June 2017)




——Evidence of Evolution

Fossil Record

Quaternary evolution of hurmans

Tertiary mammials diversify " 5

sxtinotion of dinosaurs
first primates

first Irk_-isr

[y
dinozaurs diversify

ffasozoic

| first dinozsurs
rivapor exctingtions 'F)
| reptikes dn«irﬂfy FEAL T

‘F

firt vasgular land plints

i

rriillione of years &g

Paleozoic

sudden diversification
of metazoan families

| fiest fishes

© 2005 Enoyclopardia Britannics, Ing,
FossilRecord/Time%205cale. |

(accessed 23rd June 2017)




Evolution

Biogeography is the study of the distribution of species and ecosystems in
geographic space. Species (biological communities) on isolated islands are
unique following adaptive radiation to new surroundings and niches by Natural
Selection. It is important as it sheds light on the natural habitats around the world.
It IS also essential in understanding why species are in their present locations and
In development of the world's natural habitat protection.

Homologies are evidence of evolution from common ancestors. A common example of
homologous structures is the forelimbs of vertebrates, where the wings of bats, the arms of
primates, the front flippers of whales and the forelegs of dogs and horses are all derived
from the same ancestral tetrapod structure.

When comparing structures such as wings, we find that wings in insects (arthropods) are
not the same as wings of vertebrates as they do not share a common ancestor.

Arthropods (crustaceans, arachnids and myriapods) share common homologous structures
such as segmented bodies, jointed limbs and exoskeletons.

Therapods show how wings and feathers evolved in birds (which also lost razor teeth and
muscle tails).




Evolution

Pseudogenes are stable and inactive, long-term consequences of earlier
mutations that occurred during the process of evolution and so damaged genes
rendering them incapable of coding for proteins. Pseudogenes might be
considered as analogues of fossils in geology.

Evolution occurs also in bacteria and simple organisms (DNA in plasmids), as
discussed, this leading to “superbugs” which may be resistant against antibiotics.

Unwelcomed MRSA strains reproduce rapidly.

% Incidence
o288 8982

1980 1985 1990
Source: Centers for Disease Control and Prevention
MRSA = Methicillin-resistant Stap

Endogenous retroviruses (ERVs) are elements of the human genome that
potentially may act as either genetic markers for polymorphisms related to MS,
or markers of environmental/endogenous stress.




Charles Darwin

Evolutionary biology explains homologous structures adapted to different purposes as the
result of descent with modification from a common ancestor. Homology was explained by
Charles Darwin's theory of evolution in 1859, but had been observed before this.

Darwin's theory of evolution explains how species of living things have changed
over geological time. Darwin’s finches, although nearly identical in all other ways
to mainland finches, had different beaks.

Their beaks had adapted to the type of food they ate to fill different niches on the
Galapagos Islands. Darwin’s finches

« Differences in beaks
— associated with eating different foods
— survival & reproduction of beneficial beak
adaptations to foods available on islands
Cactus finch

Sharp-beaked finch

Aa S

finch

Their isolation on the islands over long periods of time made them undergo
speciation. He explained his ideas about evolution in a book called On the Origin
of Species, which was published in 18509.




Fossils

Rock layers (sediments) build up over millions of years, preserving bones,
teeth, moulds and imprints by mineralisation. The older layers being far deeper

and holding more primitive fossils.

Fossil records show how the common horse evolved (losing toes for hooves, developing
taller and broader bodies and molar teeth to chew grass).

EVOLUTION OF THE HORSE

i/ feeclogy.com/farticles/ereen-river-fossils/fossil-horse-lg.j

(accessed 24 June 2017) (accessed 25th lune 2017)




Evolution of Man

Skeletons of the
(Gimnox. OEANG. CHIMPAXZEE. GoRILLA.

Photographically redueed from Ihiagrams of the natural sizo {except that of the Gikbon, which rax treice as large g wature ),
dreamn by Mre. Waterhouse Hawhing from specimens in the Musewm gf the Hoyal College of Surgeons.,

hitp-/fwww age-of-the-saze org/evolution/huxley _human_evolution_theory jpg (accessed 24® June 2017)

Note transitional forms:

upright posture, increased brain size, reduction in size of jaws and flattened face.




Artificial selection

tion — dogs being bred for favourable traits etc. is
Several generations before pure breed is created.

Wild tomatoes {left) and domestic tomatoes {right].

teosinte

.w*‘ ~u¢+w~«r+ H.l..H“H 3 A5 “_m_-_ =L
v‘vl\.-\w.n.a 3 ¥

Crops also can be selected (from wild spemes) in thls way to select {e]g
nutritional value, high yield and efficiency. But their low genetic diversity
means that they are dependant on herbicides and pesticide application




Genetic Engineering

Genetic engineering has applications in medicine, research, industry and
agriculture and can be used on a wide range of plants, animals and
microorganisms.

In research, organisms are genetically engineered to discover the functions of
certain genes.

In medicine, genetic engineering has
been used to mass-produce insulin,
human growth hormones, monoclonal
antibodies and vaccines.

hitp://www.yourgenome.org/facts/what-is-

genetic-engineering {accessed 25th June 2017)

Genetic engineering is also used in agriculture to create genetically-modified
crops. GM plants could someday be used to produce recombinant vaccines i.e.
the concept of an oral vaccine expressed in plants (crops) for direct consumption
is being examined as a possible solution to the spread of disease in
underdeveloped countries.




GM Implications

Potential health risks to humans include the possibility of exposure to new
allergens in genetically modified foods, as well as the transfer of antibiotic-
resistant genes to gut flora.

Gene transfer of pesticide, herbicide, or antibiotic resistance to other organisms
would not only put humans at risk, but it would also cause ecological imbalances,
allowing previously innocuous plants to grow uncontrolled, thus promoting the
spread of disease among both plants and animals.

In contrast, the alarming consequences of gene transfer between GMOs and
their wild-type counterparts have been highlighted by studying transgenic fish
released into wild populations of the same species. The enhanced mating
advantages of the genetically modified fish led to a reduction in the viability of
their offspring. Thus, when a new transgene is introduced into a wild fish
population, it propagates and may eventually threaten the viability of both the
wild-type and the genetically modified organisms.

(accessed 25th June 2017)




Rioducers and Photosynthesis

Al green plants photosynthesize for primary production (ultimate
biomass). It'is the basis of food chains and life on earth.

It IS an endothermic reaction — it uses light and heat from the sunlight
(water and CO2) to produce chemical energy (Glucose and O2 are
biproducts).

6CO;_+ 6H20 iy C5H1206+602

Water =t Glucose Owyeen

It releases oxygen, the air that we breath into the environment and
absorbs harmful CO2, important to the carbon cycle and climate
regulation.

Photosynthesis not only produces food (glucose, starch), but a variety of
other products such as wood for building, paper, rubber and other
materials.

Ancient fossil (as result of prehistoric photosynthesis) fuels such as oil,
coal and gas are used in energy / electricity production.




Pliotosynthesis and the Leaf

The structure of the leaf enables photosynthesis — adapted for maximum
efficiency (flat, thin).

Chloroplasts are tightly packed in the palisade mesophyll layer (top of leaf)
where light is directly hitting the surface.

Stomata, guard cells and air spaces located in the lower epidermis enable gas
exchange and water vapour movement in and out of the leaf.

Leaf structure

Cuticle
Upper epidermis
,*s+ Chloroplasts
»  Vacuole
: Cy'ropiasm

Lower epidermis
Stomata Guard cells

er+epidermis+Palisade+
Chlamlast:‘. ipe (accessed 27" June)




duansport and Photosynthesis

Vascular bundles (xylem and phloem) transport water, ions and food to
all parts of the plant. Seveube
/\

Elemens
Some carbohydrate made during
photosynthesis are stored and later

used by plants themselves for

respiration when needed. T —

20.jpg (accessed 27" June 2017)

Vessel Elements

The diagram below illustrates the range of light wavelength:

Photosynthesis occurs in plant cells
of green leaves, specifically in the
chloroplasts. The green pigment
chlorophyll absorbs red and blue
Wit 1N light at each end of the spectrum

innm 1 10 102 103 104 105 106

Visiole light and reflects green light (making

S

Utravioiet  nfrared (D them look green).

Yellow-green

Short wavelengths
Violet
Blue
Blue-green
Green
" Yellow
&= Orange
Red
Long wavelengths

-~




.-., t and photosynthesis

- Calvin (& Foaior
~ Cycle St o
@ G-carbon makecule spiits into 2 .
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Phase Phase

o B st reactions and the Calvin cycle.

|’F: Carbohydrate
iJ Formation
CIF purned into

carbokydrates (Sugarsh

pg (accessed 27th June 2017) |

Electrons from splitting water are used to reduce CO2 to carbohydrates.

If CO2 is excluded from the leaf, no starch is present. Vascular bundles, root
and tubers are all storage organs for starch.

In variegated plants (ivy, some shrubs), there are no chloroplasts and no
starch is present in the white areas.

Chlorophyll can be extracted from a leaf with hot ethanol.




Limiting Factors

The rate of photosynthesis can be measured directly or indirectly and
depends on limiting factors such as: light (very important), temperature and
CO2. Water, soluble ions and nutrients are also needed.

g i
H H
i 2
° K
: :

Carbon dioxide
concentration

In crop production, greenhouses accommodate plant growing conditions well
and the limiting factors can be controlled to achieve optimum yield.




Importance of plants
(photosynthesis)

Primary productivity varies in different ecosystems, the highest levels
are In rainforests, where there is a high biomass, and the least occurs in
desert or arid environments.

Starch and sugars are stored in fruiting bodies (berries, nuts and seeds)
and tubers. These are eaten by heterotrophic consumers (herbivores
and omnivores). Nectar and pollen is necessary for insects and
pollinators such as bees.

Burning fossil fuels (coal / oil and gas) releases CO2 and NO2 into the
atmosphere which has a direct impact on climate, ocean acidification
and human health.




Blology and Ecosystems

Ecology: The study of organisms (interactions) within an environment.

A community IS a group of living species within a habitat, all interacting with each

other in a way that without one, the system would struggle. This is an

Such interactions include; predation, competition and symbiosis. Ecology can be

affected by abiotic factors (micro climate, topography, soils etc.) and biotic factors
(predation and competition, human intervention).

Predator / Prey relationships: If a predator
population increases in relation to food (prey)
and there is insufficient supply, the predator
numbers drop (starvation, migration) to a
sustainable level until the prey populations rise
again.

accessed 28th June)




Bilology and Ecosystems

Habitat: A place where organisms live. Types of habitat include forest,
woodland, marshland, grassland, heathland or mosaic (mixed).

Different species are adapted to certain habitats i.e. badgers prefer
woodlands and newts prefer wet / marshland.




Pyramid of biomass

The flow of energy within an ecosystem can be illustrated in a food
web. In food chains, energy is lost (movement, respiration and heat)
and is transferred from one trophic level upwards.

This is described as the pyramid of biomass.

& |

Oak

Pyramid of numbers Pyramid of biomass

http://3.bp.blogspot.com/-zzCv3pWwCM/UylbIO ZxDI/AAAAAAAANC-
c/aZ9fRjUbd8Q/s1600/pyramids+of+numbers,+biomass.jpg (accessed 28" June 2017)




Natural Cycles

The Hydrologic Cycle

2.jpg (accessed 28th June 2017)

\Water has properties that make it essential to living organisms. It is the single most
iImportant molecule on the planet’s surface (70% earth surface is water — oceans, lakes
and rivers) and without it life could not exist.

Water is the most abundant compound on this planet. It is the most important component
of the human body (and other animals) making up over two thirds of total bodyweight as
our cells composition is around 80% water.




Natural Cycles

Carbon cycle:

Earth’s Carbon Cycle

Atmosphere Carbon Store

(accessed 28th lune 2017)

All cells contain carbon (in proteins,
fats, simple sugars and
carbohydrates). Plant cell walls
(made of cellulose).

Microorganisms are important in the
carbon chain for the processes of
biodegradation and decomposition
under aerobic and anaerobic
conditions.

Carbon is passed from the
atmosphere, to plants and organisms
through food chains returned to the
atmosphere as carbon dioxide again.

Huge stores of carbon are locked up/trapped in non-renewable Fossil
Fuels (oil, gas and coal) as a result of ancient photosynthesis.




,,['mf‘_ - Nitro fixing bacteria (found in
leguminous plants) also help convert
Nitrogen gas into ammonium ions
?:}:ﬂ.f‘i'gj“ 7 - back into soils.

{aerobic and anaerohic
hacteda and fungl

Nitrifying
Ammanification Nitrification bacteria

Ammonium z
(NH,"} Nitrites(NO, )
Nitrogen-fixing

soil bacteria Nitrifying bacteria

Mitrogen Cycle.svg.png {accessed 28th June 2017)

Nitrogen - an inert gas in the atmosphere. Nitrogen is important for plant growth,
in animals and for the synthesis of proteins (amino acids).

Nitrifying bacteria helps convert ammonia to nitrites and nitrates which is taken

up by plants. Denitrifying bacteria removes nitrates from soils and converts them
to nitrogen gas.




Pollution caused by man

Burning fossil fuels, vehicle emissions, deforestation, poor agricultural practices,
chemical and industrial processes emitting harmful bioproducts to air and water.

The rise in greenhouses gases (methane) can be linked to intensive cattle
farming, landfills and removal of peat bogs.




Pollution caused by man

Plastic pollution on land and in our seas causes animals to suffocate or be
strangled to death and can be swallowed. Chemicals in plastic cause
hormone imbalances and toxification leading to death.




What can we do?

Example: Shale Gas Extraction (fracking) operations are completely
unsustainable. It generates toxic wastes, emission of methane into the
atmosphere and ground contamination (water).

Major efforts need to be developed and maintained for greener energy.

It was recorded this summer that 25% of UK energy was generated from
solar power alone. Wind and other clean energy creates a vast amount of
energy. This illustrates the potential of green, clean energy and is crying
outfor innovation and investment from a (pro environmental) government.

Plant more trees . . . . Create habitats Enjoy wild flowers. . ..

Work hand in hand with Nature . . . Reduce waste (Reuse and Recycle) .
.. . Bus journeys or walk . . . Be Energy (Electricity) efficient (switch off
when not in use)




Be innovative

¢ i Triculture Farming:
| .,
Transforming technigues to work with the Environment.

Increased plant diversity = Increased pollinating insects = increased production.

Claim: a farming method formulated to encourage beneficial species which will lead to increased
farming output by up to 20% without high application of chemicals. Compound Eco Perimeter Hedgerow™
Monoculture is the agricultural practice of producing or growing a single crop or plant species over
a wide area and for many| consecutive years. This is a factor affecting all pollinating bees and other
beneficial insects. The removal of biodiversity and plants to forage; Poor nourishment equals sick
bees. An unhealthy environment following poor crop yields is therefore impacting on the farming
economy.

+ A healthy and robust perimeter hedgerow (incorporating some preferred species -
Hawthorne, Hazel, Crab apple, Red currant, Raspberry canes) will provide a habitat
environment and the blossom, an early food source for beneficial species such as
bees, ladybirds, lacewings, hoverflies (predators of aphids) and breading space for
earthworms. Will also provide berry’s and fruits, a sustainable food source for human
consumption. Borage, comfrey, hyssop (deters cabbage white butterflies), sages,
lavender and herbs can form part of the lower hedgerow.

+ Perimeter hedgerows and their strips offer protection to soil by means of sustaining
the important microorganisms for example mycorrhizal fungi which principally
improves soil biology and associated soil chemistry.

+ Hedgerows bestow physical properties for example soil water retention and
protection in the event of flooding through interception by roots and foliage of shrubs
and trees, they also provide a windbreak for delicate crops — situated closest to the
perimeter, the outer zone could be designated for this purpose.

For a couple of years, | kept my bees on some
local farmland. Having had a few bad years, |
decided to move them out of the field and into a
garden / open space habitat.

Honey bees appear to do much better in areas of
greater plant diversity and where the use of
chemicals is sensitively managed.

Can we develop a complex practice which introduces a new method of Multi - cropping? Yes, the
practice which has been formulated is called Tl
It is a farming concept that has been composed to introduce flowering crops into the system that
are pollinator magnets, encouraging beneficial insects to farmland for the reason of its improved
plant diversity status.

Conclusions;

» The method needs to be practiced over the next few years to| gather enough
information possible to adapt and continually improve the method and achieve
optimum outcome.

+ Farmland is required for Tri-culture (and monoculture) research to proceed ideally
across the board to account for regional variations and farming technigues.

+ Experienced growers / farmers required to put some thought into suitable crop
rotations for the new farming method - It is important that farmers have a say in the
crops that they plant within the system, but to embrace the idea of the Tri-culture
methed to improve plant diversity, improve scil and encourage beneficial species.

* Our current farming methods (as well as the pesticide issues) need adapting to suit

nature and be more environmentally responsive and sustainable - to incorporate “bee

& pollinator friendly” farming and restrict the current monoculture system.

This has been developed to be practiced in existing large fields of 7 hectares and above. It involves
dividing the field up into 3 equally shared sectors. Whereas monoculture practices crop farming
with one species, the “Tri — culture” method practices the cultivation of three different crop species
sown and harvested starting from the Outer zone, the Inner zone followed by the final Core zone
according to the order of harvest - one crop is yielded, a later crop is then planted (winter cover
crop).




Be aware

The State of Nature 2016: England report is a collaboration between the conservation and research organisations listed below
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GCSE Biology

Thank you for taking part and hope you have learned
some interesting facts along the way!!

Don’t forget to read the follow up presentation:
Practical Biology

Which will follow shortly!!! Thank you




