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Name 
___________________________________________________________________________
Class
___________________________________________________________________________

	
	LEARNING OUTCOMES
	

	
	CCEA GCSE BIOLOGY: 1.6.1 - 1.6.12
	

	
	UNIT 1.6: Nervous System and Hormones
	

	
	
	
	
	

	 
	LEARNING OUTCOMES
	PUPIL SELF-EVALUATION

	 
	Pupils should be able to:
	Good
	Average
	Requires Attention

	1.6.1
	Compare and contrast the two communication systems in the human body (nervous system and hormonal system), to include the speed and nature of the response 
	 
	 
	 

	1.6.2
	Know that the brain and spinal cord form the central nervous system that controls and coordinates the responses between the receptors and effectors (muscles)
	 
	 
	 

	1.6.3
	Use models and specimens to identify the component parts of the eye (conjunctiva, cornea, pupil, iris, lens, aqueous and vitreous humours, retina and optic nerve)
	 
	 
	 

	 
	and understand their functions in producing a focused image on the retina under different light conditions. 
	 
	 
	 

	1.6.4
	describe and explain 
	 
	 
	 

	 
	 how the ciliary muscles and suspensory ligaments change the shape of the lens so that near and distant objects may be focused on the retina (accommodation); and
	 
	 
	 

	 
	how the radial and circular muscles of the iris act to control the amount of light falling on the retina
	 
	 
	 

	1.6.5
	Describe how neurones are adapted to their function by their branched ends, long length and insulating sheath; and
	 
	 
	 

	1.6.6
	Describe synapses as gaps between neurones which:
	 
	 
	 

	 
	●  function as junctions; and
	 
	 
	 

	 
	● allow the nerve impulse to pass due to diffusion of a transmitter chemical produced by the end of the neurone leading into the synapse, which in high enough concentration triggers an impulse in the next neurone.
	 
	 
	 

	1.6.7
	Distinguish between voluntary and reflex actions in terms of conscious control and speed of response.
	 
	 
	 

	1.6.8
	Understand the pathway of the spinal reflex arc in terms of sensory, association and motor neurones linked at synapses
	 
	 
	 

	1.6.9
	Understand that hormones are chemical messengers that travel in the blood to a target organ where they act, to include insulin and glucagon
	 
	 
	 

	 
	● insulin is produced by the pancreas in response to increasing blood glucose levels and acts in the liver;
	 
	 
	 

	 
	● insulin lowers blood glucose levels by converting glucose to glycogen or respiring more glucose in the liver; and 
	 
	 
	 

	 
	 glucagon is also produced by the pancreas in response to reducing blood glucose levels and acts in the liver 
	 
	 
	 


	1.6.10
	explain negative feedback exemplified by the role of insulin in the control of blood sugar
	 
	 
	 

	1.6.11
	Understand that:
	 
	 
	 

	 
	● diabetes is a condition in which the blood glucose control mechanism fails
	 
	 
	 

	 
	● that the symptoms of diabetes include high blood glucose, the presence of glucose in the urine, lethargy and thirst
	 
	 
	 

	 
	● that possible long-term effects of diabetes include eye damage, kidney failure, heart disease and strokes
	 
	 
	 

	 
	● that the number of people with diabetes in the population is rising and evaluate why
	 
	 
	 

	 
	● the general principle that many scientific theories are developed in stages using different lines of evidence, having an awareness of the collaborative nature of science and the way new scientific knowledge is validated (for example peer review)
	 
	 
	 

	1.6.12
	Investigate and interpret evidence (secondary data) on how plants respond to external stimuli: phototropism in stems as a differential growth of cells caused by uneven distribution of the hormone auxin in terms of:
	 
	 
	 

	 
	● auxin produced at tip of shoot
	 
	 
	 

	 
	● auxin moving down the shoot
	 
	 
	 

	 
	● light causing uneven distribution of auxin
	 
	 
	 

	 
	●auxin causing cell elongation which results in bending of the shoot
	 
	 
	 

	1.6.13
	Understand the commercial uses that have been developed for plant hormones as:
	 
	 
	 

	 
	● selective weed killers – causing death by excessive cell growth in roots and stems
	 
	 
	 

	 
	● rooting powder – increasing the development of roots at the end of cut stems
	 
	 
	 

	 
	● tissue culture – causing a callus of cells to develop into a stem and roots
	 
	 
	 

	 
	● stimulation of flowering; and 
	 
	 
	 

	 
	● fruit formation.
	 
	 
	 

	
	
	
	
	

	Terminology

	nervous system, hormonal system,  central nervous system,  coordinate,  receptor,  effector,  muscle,  voluntary action,  reflex action,  conscious control,  spinal reflex arc,  synapse                                                    conjunctiva,  cornea,  pupil,  iris,  lens,  aqueous humour,  vitreous humour,  retina,  optic nerve,  focus,  ciliary muscles,  suspensory ligaments,  accommodation,  radial muscles,  circular muscles                                       insulin,  glucagon,  pancreas,  blood glucose levels,  liver,  diabetes,  lethargy,  collaboration                       phototropism,  differential growth,  auxin,  cell elongation,  selective weed killer,  rooting powder,  tissue culture,  callus

	
	
	
	
	

	UNIT TEST RESULT:                     %                 GRADE:
	
	
	

	COMMENT



The Nervous System and Hormones

There are two systems in the body that transmit information; the Nervous System and  Hormonal System.
These help us to respond to changes in our environment.
· Complete the table below to compare how the nervous and hormonal systems work.

	SYSTEM
	SPEED
	SHORT OR                                  LONG LASTING
	METHOD OF               TRANSMITTING INFORMATION

	HORMONAL
	
	
	

	NERVOUS
	
	
	


The Nervous System
The Central Nervous System (CNS) is made up of brain and spinal cord.
Anything that we respond to is called a stimulus e.g. _______________________________________________________________________________________________
Receptors are parts of the body which detect stimuli e.g.  In our fingers we have receptors sensitive to touch, pressure and temperature; the tongue contains receptors for taste. 
Effectors are the parts of the body which responds to a stimulus e.g. a muscle.
If a receptor is stimulated it may cause an effector to produce response. 
The brain and spinal cord are coordinators.
The brain and spinal cord coordinate responses between receptors and effectors. 
ACTIVITY:  Give an example of: 

A Stimulus
_____________________________
 A receptor ___________________________________
An effector 
_____________________________
A coordinator  _________________________________
Summary Flow chart:
ACTIVITY:

· Apply your knowledge & think of an example of a response you made today.  Add it to the flowchart above.

· Include stimulus; response; brain and effector.

Neurones

Nerve cells are called neurons.   They link receptors (e.g. eye, ear …) and effectors (muscles)                                       to the coordinators (brain & spinal cord).
Neurones are specially adapted to carry electrical messages called nerve impulses.  These adaptations are:
1. They have branched ends (dendrites) that allow them to transmit impulses over a greater area or to make more connections with other neurones.
2. They are long to transmit information between different areas of the body.
3. They are coated with an insulating sheath that helps speed up the transmission of an impulse.
There are 3 types of neurones:
· Sensory neurones
· Association neurones
· Motor neurones
Complete the table below to describe the function of each type of neurone.
	Type of Neurone
	Receives impulses from
	Passes impulses to

	                 Sensory
	
	

	           Association
	
	

	                Motor
	
	


Label the diagram of a MOTOR NEURONE below.
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SYNAPSES

These are small gaps between neurons.   Electrical impulses move across these gaps using chemicals. Synapses allow many connections to be made. 
Synapses can be affected by drugs or alcohol, which slow down synapses or even stop them.
For an impulse to pass across a synapse the end of the neurone produces a chemical transmitter (neurotransmitter).  This diffuses across the synapse to the next neurone.  If the concentration is high enough an impulse will be triggered in the next neurone.
[image: image8.png]



The Nervous System-Summary
SPOT THE MISTAKES
Receptors are usually organs or glands. Effectors are cells that detect responses and correspond to the 5 senses.  They are found in the ear, skin, stomach, tongue and hair.

The simile helps transfer an impulse from one cell to another by transferring a chemical neurotransmitter.

Nerves are made up of a small number of nerve cells called neurones.  There are four types of neurone. These are the special, motor, and awkward neurones.

Special neurones receive information from the CNS. Motor neurones carry the information to the receptors.  The awkward neurones are found in the kidney and link the special and the motor neurones.

Types of actions
Voluntary Actions

Actions that we have to think about (conscious control) are called voluntary actions e.g. putting your hand up to answer a question.

Actions that we do NOT have to think about are called reflex actions e.g. blinking. These actions are rapid.
ACTIVITY:   Voluntary Action Response Times

1. Hold a metre rule at the bottom (0mm) with your thumb and forefinger.
2. Open and close your thumb and forefinger.
3. As fast as you can. Record how many mm the ruler moved.  

4. To make this reliable repeat 5 times and take an average.

5. Draw a table below to record your results.

What did you notice about the distance it took to catch the ruler?
_____________________________________________________________________________________
How can we relate this to learning?

____________________________________________________________________________________

Reflex Actions
This is a rapid response to a stimulus, often used to protect us against danger.  All reflex actions have two things in common
·  Occur very rapidly because there are only 3 neurones involved and there are only 2 synapses (these are the places where the impulses travel slowly).
· They do not involve conscious control (thinking time).
An example is touching a hot plate or a sharp object - your hand will move away rapidly. 
A Reflex Arc

This is the series of neurons and synapses by which an impulse passes from a receptor to an effector in a reflex action.  
Label the neurons on the diagram below and draw arrows to show the direction in which the impulse passes along the reflex arc.
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Reminder: SAM the burglar
Reflex Arc response to touching sharp object 
A sharp object (STIMULUS) is detected by a receptor in the finger.  It passes an impulse along the axon of a sensory neurone to the spinal cord.  In the spinal cord the impulse is passed to the association neurone.   It  passes  the impulse to motor neurones that  join to the ​​​​​​​​​​​​​​​​​​effector (muscle in arm).  The muscle in the arm contracts and your hand pulls away (RESPONSE).
In reflex arcs involving pain a separate spinal neurone connects to the association neurons and carries the impulse to the brain, to give the sensation of pain.  This takes longer than the reflex action so we feel the pain after the action has taken place. 
Diagram of reflex arc touching something sharp
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Draw a flow chart to summarise this information.
POSTER__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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        (a receptor)

The eye is a sense organ which contains the receptors for sight.

The part of the eye which contains the receptors is the retina. 
Other parts of the eye:

· protect it against damage.
· focuses light rays on the receptors in the retina.
· controls the intensity of light that enters the eye.
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Parts of the Eye

Complete the table by describing the function of each part of the eye.

	PART OF THE EYE
	FUNCTION

	Conjunctiva
	

	Cornea
	

	Pupil
	

	Iris
	

	Retina

	

	Aqueous and Vitreous humours

	

	Lens

	

	optic nerve

	


The retina

The retina contains rod cells which work in dim light and can’t distinguish between colours. They are found all over the retina.
The retina also contains cone cells which provide colour vision.  They work in bright light and provide greater detail than rod cells.  They are only found at the fovea.
 Eye protection
Each eye is set in a socket called the orbit which protects the eye.  Only the front of the eye is not surrounded by bone.

The front of the eye is covered by a thin membrane called the conjunctiva which protects the parts behind it.

Tears contain an enzyme which can kill bacteria. Tears are washed across the eye by your eyelids every time you blink.

The eyelids, eyebrows and eyelashes also help prevent dirt from landing on the surface of your eyes.
The Aqueous & Vitreous Humours

The watery fluid between the cornea and the lens is known as the ​​​​​​​​​​​​​​​​​​​aqueous humour.

The watery fluid between the lens and the retina is known as the vitreous humour.

These keep the lens in shape, provide support and allow the light through.
Function of the Lens
The lens focuses  light on to the retina.  The thickness of the lens can be adjusted to focus light from objects at different distances.  

· The lens is thin when you are focusing on an object far away in the distance.
· The lens is thick  when you are focusing on an object close to you.
The process of changing the thickness of the lens is called  ACCOMMODATION.
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How does the lens change shape?

The ciliary muscle (body) is a ring of muscle that surrounds the lens.  The lens is attached to the ciliary muscle by suspensory ligaments.
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Focusing on distant objects
When an object is far away the ciliary muscle relaxes and it springs out to give a big diameter.  When this happens the suspensory ligaments ​​​​​​​​​​​​​​​​​stretch and pull the lens and the lens becomes thinner.
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Focusing on near objects

When an object is near the ciliary muscle contracts to form a tight circle with a small diameter.  The suspensory ligaments become slack and with less pressure on the lens it is able to spring back to its original thick shape.
Controlling the amount of light that enters the eye
The muscles of the iris can contract and relax to change the size of the pupil.    It contains two types of muscle the radial and circular muscles.
Radial muscles are like the spokes of a wheel moving from the edge of the pupil to the iris.
Circular muscles form rings within the iris around the pupil.
It necessary to change the size of the pupil because if there is too little light no image will be produced and if there is too much light the cells in the retina could  be damaged.
The iris adjusts the amount of light entering the eye.  The muscles of the iris relax or contract to change the size of the pupil.  (REMEMBER: The pupil is a gap in the middle of the iris.) 
Complete the table to compare the eye’s response to dim and bright light.

	
	DIM LIGHT
	BRIGHT LIGHT

	CIRCULAR MUSCLES
	
	

	RADIAL MUSCLES
	
	

	SIZE OF PUPIL
	
	

	DIAGRAM


	
	

	
	When the pupil enlarges (dilates) sufficient light falls on the retina to produce an image.


	When the pupil gets smaller (contracts)the amount of light entering the eye3 is reduced.   This protects the sensitive cells in the retina from damage 




The changing of the size of the pupil is an automatic reaction, it is known as the pupillary reflex.
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Not all information in the body is transmitted through neurones.

Hormones are chemical messengers produced by glands known as endocrine glands. Hormones secreted into the blood plasma by the endocrine glands and are transported to the target organs.
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Insulin is the hormone that prevents blood glucose (sugar) becoming too high.
A rise in blood glucose level causes special cells in the pancreas to secrete insulin. This usually occurs after a meal especially if it is rich in carbohydrates.

It is carried in the blood to the body cells, liver and muscle cells.
Insulin acts to reduce blood glucose levels by:
· Increasing the uptake of glucose from the blood into the cells.
· Converting glucose to glycogen which can be stored in the liver and muscles.
· Increasing the rate of respiration by the body’s cells (uses glucose).
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[image: image21.png]i %i »





[image: image22.png]P Exam questions

1 The diagram shows a section through an eye.

a) What is the function of the iris? (1 mark)

b) Name part B. (1 mark)

¢) Use the diagram and your knowledge to
explain how light rays that enter the eye are

(1 mark)

tocused onto the retina.

The table shows reaction times in response to the
stimulus of a light being switched on.

Agelyears | Reaction time/milliseconds
I e Males Females

200 240 320

30 o 220 260

40 1 %0 | 0|
50 e 270 ! 340

60 380 440

Based on data in the above table, the percentage
increase in reaction times between ages 20 and 60
was calculated.

Percentage increase in reaction times between ages 20 and 60 ‘

Males ~ Females
58% L 38%

a) Use the above data to compare the reaction
times of males and females as they age. (2 marks)

The diagram shows a reflex arc.

s

drawing pin &

EXAM QUESTIONS O—O—O— B

b) i) Name part B.

ii) Describe how B is adapted to its
function.

(1 mark)

(2 marks)

c) A is a synapse. How does the nerve impulse

pass across this synapse? (2 marks)

d) Explain why the response to the drawing pin
through the reflex arc would be faster than
that to a light being switched on.

(2 marks)

The graph shows the changes in the blood
glucose level of two boys, Patrick and Glen. Both
have fasted (had no food intake) tor 12 hours
before taking an energy drink at time 0.

25-

20+
154

10

Blood glucose level/mmol per litre

Time/hours

>
-’

Compare the changes that take place in
Patrick’s blood glucose levels with those of
Glen. Use information in the graph to support
YOUT answer.

In this question you will be assessed

on your written communication skills
including the use of specialist science

terms. (6 marks)

b) Explain the changes taking place in Glen’s

blood glucose levels. (2 marks)

c) Blood glucose levels above 10 mmol per litre
result in glucose appearing in the urine, a
symptom of diabetes.

i) Use evidence from the graph to identity

(1 mark)

il) State another symptom of diabetes that

(1 mark)

which of the boys has diabetes.

this boy might have.

O





1. Which type of food from the meal is digested to produce the glucose that results in this graph? _______________________________________________________________________________
2. Mark on the graph where digestion is taking place.

3. What causes the rise in blood glucose level 15 minutes after the meal?  ______________________
4. Mark on the graph when insulin is released from the pancreas.

5. Explain tour answer.  ______________________________________________________________ ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
GLUCAGON is a second hormone which is involved in controlling blood sugar levels.  It is also produced by special cells in the pancreas.  It is produced when blood glucose levels are falling and it acts by reversing the changes that insulin brings about in the liver i.e. it breaks down glycogen and releases glucose into the blood.
Add this to the diagram for insulin
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4 The diagram shows part of the mechanism that
controls blood glucose concentration.

High concentration of Normal concentration of
glucose in the blood glucose in the blood

! i

Organ A

Y

Insulin released ' g

Liver

a) Name organ A. (1 mark)
b) Explain why the blood glucose concentration
becomes high after eating a mcal. (1 mark)
c) Describe how insulin reaches the liver.
(1 inark)
d) Explain how insulin causes the liver to reduce

the blood glucose concentration. (3 marks)

e) Use the information in the diagram to
help explain how the control of blood
glucose concentration involves a feedback

(3 marks)

mechanism.

f) Some people are unable to control their blood
glucose concentration. Name this condition.

(1 mark)

5 An cxperiment was carried out to investigate the
effect of light shining from one side on a plant

[} - light

after 5 days

shoot.

- light

JE—

small sheet of impermeable
material placed in shaded
side of shoot tip
experiment A

—__light ~—light

—_—

small sheet of impermeable
material placed in illuminated
side of shoot tip

after 5 days

experiment B

6

a) A plant hormone (auxin) causes the bending
response. Auxin is produced in the tip and
travels downwards to cause the cells to
elongate. Use the results to explain which side
of the shoot the auxin travels downwards in.

(2 marks)

b) i) Name the response shown by the shoot in
(1 mark)

il) Explain how this response will benefit the
(2 marks)

experiment B.
plant.
The graph shows the relationship between plant

hormone levels and the percentage of apples to
fall oft the trees before harvesting,

hormone level
------ apple fall
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a) Describe the relationship between hormone
level and the percentage of apples that fall.
(1 mark)

b) Suggest one reason why farmers spray apple

(1 mark)

trees with artificial plant hormone.

¢) Give two other commercial applications of

(2 marks)

plant hormones.





Negative feedback occurs when change in the level of one thing causes something to be produced to correct the change.   It requires a mechanism for monitoring the change.

· Complete the flow diagram to summarise the effects of insulin and glucagon on the body.
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Explain the diagram above.

· _______________________________________________________________________________________

_______________________________________________________________________________________

· ________________________________________________________________________________________

· _______________________________________________________________________________________
· _______________________________________________________________________________________

· _______________________________________________________________________________________
· _______________________________________________________________________________________

· _______________________________________________________________________________________
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Occurs when the pancreas does not produce enough insulin.  Blood sugar levels can increase so high they lead to a coma and death.  Insulin is injected into the blood at mealtimes to reduce sugar levels
Symptoms
· Glucose in the urine. This happens as blood glucose levels are so high that some sugar is removed through the kidneys.

· Extreme fatigue
· Affected individuals are persistently thirsty and as they drink so much they frequently urinate.
Long Term damage

· Eye damage;

Kidney Failure;
Heart disease;

Strokes
Types of Diabetes

TYPE 1 DIABETES is normally developed in childhood, no insulin is produced.
TYPE 2 DIABETES develops in older people and has a slightly different cause as insulin is produced but stops working effectively.  It is often associated with poor diet, lack of exercise and obesity.
The number of people with Type 2 is rising-why? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Plant hormones

Plants, like animals respond to changes in their environment in order to give them a better chance of survival. 
Plants respond to light, water and gravity.[image: image26.png]LIGHT





Why is this important? 
Plants require light energy for photosynthesis to occur therefore they grow towards the light.  
Photosynthesis results in glucose (food) being produced for the plant can grow. 

The hormone responsible for phototropic responses in plants is called auxin  It is produced in shoot tips.  Auxin diffuses from the tip to the stem and causes cells to elongate resulting in growth.  
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Auxin is sensitive to light.
HOW AUXIN CAUSES PHOTOTROPISM IN PLANTS:  Phototropism Experiments
LIGHT FROM ABOVE

When a shoot gets light from above, the auxins produced at the tip diffuse evenly down the shoot. 



 LIGHT FROM ONE SIDE (UNILATERAL)
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Phototropism can be investigated using this simple experiment:





State the variables in this experiment:
Independent variable: __________________________________________________________________
Dependent variable: ___________________________________________________________________
Controlled variables: ___________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Use your knowledge of the hormone auxin, to explain the results from the experiment. 

	CONDITION
	RESULT
	EXPLANATION

	


	
	

	


	
	

	


	
	


CONCLUSION: __________________________________________________________________________________________________________________________________________________________________________

How could you check the results are reliable?
_____________________________________________________________________________________

_____________________________________________________________________________________

The commercial use of plant hormones

Auxin is one of many plant hormones that have been identified.  Other plant hormones can be used for: 

· Controlling weeds
· Rooting Powder
· Tissue culture
· Stimulation of Flowering and Fruit Formation 
Plant hormones as WEEDKILLERS
Weed killers cause death by excessive cell growth in the roots and stems.  They are effective as they are selective.  This means that they are effective against broadleaved plants such as daisies, but have no effect on narrow leaved plants such as grass.
Plant Hormones in ROOTING POWDER
Cuttings of plants can be taken to grow new plants.  The cutting is taken dipped in rooting powder which contains hormones  then planted in compost.  The hormones  stimulate roots to develop  and a new plant is formed.  Most of the leaves are removed to reduce water loss and wilting.

Plant hormones in TISSUE CULTURE
This involves taking small sections of plant tissue (explant) and putting it onto nutrient jelly called agar.
Hormones are added which encourage the cells to divide into an undifferentiated callus of cells.  Each cell will develop into new plants.  Individual plants are removed carefully and placed in new agar containing nutrients that allow it to develop into an adult plant. 






This method of producing new plants is used to produce plants that are rare or difficult to germinate e.g. orchids.
Plant Hormones STIMULATING FLOWERING AND FRUIT PRODUCTION
Hormones can be sprayed onto flowers and fruit trees to maximise flower and fruit production. 

In fruit growing regions of County Armagh hormones are used to act as a substitute for pollination and fertilisation processes.  This ensures fruit production is not limited by poor pollination rates.
Seedless Grapes: Naturally a grape will only develop if its ovules are fertilised to become seeds.  Artificially produced hormones are sprayed onto unpollinated flowers, bypassing the pollination and fertilisation process ensuring that grapes develop without seeds.
How scientific theories develop

· These are developed in small stages by different teams of scientists using different lines of evidence.
· The scientists work together (collaborate).  They research past discoveries and each scientist carries out their own experiments.  
· They share ideas by publishing their results in scientific journals. 

· Each new development in the theory is accepted (validated) by experts in the particular area.  This is known as peer review.  This will involve different scientists repeating the experiments to check the findings. 
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                                                                                                                                                                                                             The response of a plant shoot to light is called PHOTOTROPISM





























after auxin





before auxin





all cells elongate


and the stem grows


straight up





If light shines from one side (unilateral) the hormone auxin moves away from the light and accumulates on the shaded side.








The result is that auxin causes the cells on the shaded side to elongate and grow faster than the unshaded side and the shoot will                                   bend toward the light


















































Treatment of coleoptiles
























































RESULTS











coleoptile intact





coleoptile tip removed





coleoptile tip covered with foil





Further culturing


generates new plant





Tissue sample from any region


of an adult plant is cultured





Callus separated and


single cells cultured





Undifferentiated


callus forms





tissue sample





bud





callus





leaf





root
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